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Mining, power generation, upgrading

Lignite in the Rhineland
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Lignite

Kohlearten Wasser- Energie- flijcht.'lge
gehalt gehalt Anteile
(%) af* waf**
UN-ECE | USA (ASTM) Deutschland (DIN) (ki/kg) (%)
Peat Peat Torf
e — =o — - -
otho 1 WEICHBRAUNKOHLE * "
ngmte( Lignite
eta ‘: 387 | 16500 -
) =Arestibrattlethies
Lignite
Sub- - 25 ----- 19,000 --
Subbitum.| bituminous Glanzbraunkohle
L&a' —10-—-|--25000 - 45
= High Flammkohle 0
© | Volatile -
= Bituminous | Gasflammkohle =l 1
= Coal E o 35
2 Gaskohle o | ¥
5 | Ll = & Kokskohle 36,000 T
Bitumin. Coal =
S itumin. Coa Fettkohle = <
- - I
e Low Vol. w | 19
Bitumin. Coal |ERkohle 14
Semi- Magerkohle
Anthracite | Anthracite 3 36,000 10
Anthracite Anthrazit

Origin in the Tertiary period (12 — 20 mill.
years ago) from subtropical vegetation
Volume 55 bnt in the Rhineland

Stripping ratio 4.7 : 1

af * = aschefrei

waf ** = wasser- und aschefreie Substanz

Quelle: BGR

Quality

NCV @ 8,700 kJoules (= 1/3 tce)
Moisture _____00-60 %6

Ash 1.5-8.0%

Sulphur 0.15-0.5%

Calcium and  ing gaseous sulphur dioxide
magnesium  in the ash
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Rhenish Lignite Mining Area.

Tgb. Garzweiler

Rhelnisches Braunkohlenrevier
[ EBevichsfache:

Landwirtschalilichg Rekultivierung

Kahlenvarediungsbetriabs

00000

ITg b. Hambach
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Coal classification in the Rhenish Lignite aera.
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Fl6z Garzweiler

Kesselkchle, die in
Ga-Bldcken oder
in Mizchung mit Ha-Kohle
eingesetzt werden kann

Kesselkohle, die in
Ga-Blocken pur oder
in Migchung mit Ha-Kohle
eingesetzt werden kann

Kesselkohle, die nicht chne
weiteres Mischen mit
Ga- oder Ha-Kohle
eingesetzt werden kann

Kesselkohle, die in
Ga-Blocken pur oder
in Mizchung mit Ha-Kohle
eingesetzt werden kann

Kesselkohle, die in
Ga-Bldcken pur oder
in Mizchung mit Ha-Kohle
eingesetzt werden kann

Kesselkohle, die nicht chne
weiteres Mischen mit
Ga- eder Ha-Kohle
eingesetzt werden kann

GGA

GMA

GMR

Floz Garzweiler
aschearm
arm an kritischen Bestandteilen

Flaz Garzweiler
aschereich
sandig

Floz Garzweiler
reich an krifischen Bestandieilen

Floz Frimmersdorf / Morken
aschearm
arm an kritischen Bestandteilen

Fléz Frimmersderf / Morken
aschereich
sandig

Fléz Frimmersdorf / Morken
reich an krifischen Bestandieilen

Asche < 4
Fe = 4000
K = 200
Asche > 4
Fe < 4.000
K < 200
Fe > 4,000
und ! oder
K > 200
Asche = 4
Fe <= 4000
K < 200
Asche = 4
Fe = 4000
K < 200
Fe = 4,000
und ! oder
K > 200

15 Lignite varieties
from
only two mines:
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Forms of slagging and fouling

Fouling

Sintering f )
f(ash e@ments)

Slagging

VO RWE G G E H EN RWE POWER, POR-MM, T. Schreck 14.07.2014 SEITE 6



Slagging in Furnace and Burner level
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Temperature-dependent concentration of melt phase.

Thermochemical calculations
using SimuSage
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Original Lignite compositions from Hambach
as an example for coal blending model

N\
w (roh) | a (820°C) | S (roh) | Na20 | K20| CaO | MgO |AI203 | Si02 |Fe203 |Ti02| SO3 / B/S
% % % % | % | % | % | % | % | % | % | %
HKN| 50,5 | 2,01 | 0,28 | 7,54 |0,69|39,58/17,45| 1,53 | 0,98 | 9,92 |0,16 34,74 28,17
HKT| 52,2 | 535 | 0,26 | 2,72 |1,86]13,63| 6,60 | 27,69 |30,19| 6,36 |2,28 12,14\0\,55/

100%

90%

80%

70%

60% -

50% -

40% -

30% -

20% -

10% -

0% -

HKN

HKT

ENa20% BK20% mCaO% EMgO % MAI203% mSi02% MFe203 % MTiO2 % [SO3 %

base / acid —ratio
characterises ash
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SimuSage — Processmodel 1

Forml

Parameters |Process I Resulisl

in. Temp.

Max. Temp.

Coall Definieren | % Coall = 100
Coal2 Definieren | % Coal2 = 0
Coal3 Definieren

% Coal3 = 0

Run

] ’ Optimization ]

[ OFT Run

Definition process
parameters

Proportions of up
to three coals

-
i Coall Edit

= D e |

Forml

Parameters | Process | Results|

.)i(.

Mixer

g
InStream

1

Reactor
Temp. = 900 *C

0oPT
Optimizer

—
OutStream

l

Okg

[

35

Okg
ilikatschmel

Ll

Salzschmelz

P
|

Okg

PhaseSplitter Oxide

l

Okag
Sulfate

l

Okg
Silikate

l

Okg

Others

okg\

e
OutputUnit

Browse

Konstituents % ort
H20 60.2123493067859 NIA
Na20 0.14917039964479 Anlage
K20 0.0292547593798561 Bekohlung
Ca0 0.889657686777506 Teilanlage
MaO 0.383594162784424 Kohleprobenehmer
Al203 0.289918974710477
Material
si02 0.99468941213905
Kohle
Fe203 0.299139135998149
Datum
TiO2 0.0203582835088619
503 0.69744033946084 11.08.2001
C 36.0344175388101 i
06:00:00
SUM= 100%
Import from DatdQase
Data Source:
¥:\1_SCHRECK\MASTERNRBEIT_GTT\MODEL_1_3\Model 1.3\KASIS-05V01.

ProbeNyr : 01-010-0001

Creset ]

[

Clear Cancel ]

Come ]

Import analysis from laboratory database

Normalize analysis
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Generate result and customise output in
seven predefined categories
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SimuSage — coal blending model
automatic visual interface

TChart
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Mix ratios of both original lignite compositions

Na20+K20+Ca0+MgO+Fe203
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Phasenarteil [% (mim)] Phasenanteil [% (m.m)] Phasenanteil [% (m/m)]

Phasenantei [3% (mim)]

Result overview of the thermochemical model
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Differences in Si
with tem

Icate- / Salt melt
nerature

90,0 40,0
80,0 Fahis e 4 35,0 Kool
/: . S . % \'%h.____
70,0 o ‘/'\\ “x 30,0 "o o Heee N T
% 60,0 xl’ . ’ N g “"x-____-% --x\\
.E x__,.-"x\\ /4 B ‘__*/ ‘\\ E 25,0 == =X “\
2 500 e N e ',*' X E NN
= e NS S 5 20,0 i ‘K\
B 400 P T A = NN
] 7 / ’ N = \ \
E 300 e ’ I" / \'\y & 150 kS “\
g oV 7 7 ; t 3 v "\
’.X /X / 10,0 X‘\ !
20,0 " e 7 A
% 1 ‘l \ \‘
100 )K/ e S X"’ 5,0 ,“\\‘
00 X = el * X s 0,0 Yooy * X
HKN 100 HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKT 100 HKN 100 HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKN/HKT HKT 100
95/5 90/10 85/15 80/20 70/30 60/40 50/50 25/75 95/5 90/10 85/15 80/20 70/30 60/40 50/50 25/75
--%¥--1200°C --¥--1150°C 1100°C  -=%--1050°C -=¥--950°C --#--900°C
Proportion of silicate slag Proportion of salt slag
sintering = f(salt melt + temperature)
slagging = f(silicate melt + temperature)
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Furnace chamber model
Lignite Boiler — Dust Combustion

w +170.7 m

Heating surfaces

. ( © 0 b : Main steam line to steam turbine
iy ,.i' - t
I Evaporator wall
’,,, 1 ) P Furnace
¥
| f
. 4
Air heater : i. Burners
T
uI i
tj'f
- +00m Coal mills
v 6.5m Ash pit
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Lignite Boiler — Dust Combustion in Detalil

burner

ﬁ\
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flue gas
recirculation




Furnace chamber model

| Parameter I Parameters2 | Prozess | Resultate I Grafik |
CO=0,0005547002 13364556 Yomol 6 6
02= 0.617376120267522 Yemoal cessel3 EUJ ﬂ LD
Kessel3 62.1kg

5 itte?aus 2
F ').g H

(_ %

éﬂgﬂ Luftespitter]  Luft2
11901769 kyg Recyde_in Splitter2
2P 1

Iterator Kessel2_aus
119.01161 kg (
ABL1
Kessel2
75.9 kg
Kohle1l Recyde_aus T
s Splitter1_aus1
100 %
H ' Kessell_aus _’E
Kohle2 Mixer Mixer _aus Kessell Splitter1
05 I E
I a Luftl _ ¢
Kohle3 | 300.780901116692 ka Spitter]_sus2
0%
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Furnace chamber model

Resultate

Summe Kohle = 100

Kohle1 Definieren | Kohlel 100
Kohle2 Definieren | Kohle2 0
Kohle3 Definieren | Kohle3 0

Keszell Temp = 1400

Kessel2 Temp = 1300

Kessel3 Temp = 1200

Faktor Nassasche - Flissig = 0.8

Faktor Massasche -Fest = 0.5

Faktor Rauchgasrickfihrung = 0.8

Air supply:
On average or partitioned in four areas
r B
i Coall Edit B
Konstituente B Crt
Hz0 5 | MIA
@ Lambda = Na20 0.129809156307231 Anlage
) K20 0.0254664044185653 Bekohlung
() Amount:
ca0 0.774186527607638 Tedriage
Luftl. 1=
I Mao 0.333806403643055 Kohleprobenehmer
Luftt2= Al203 0,252289580199625 .
Material
Luft1.3 = 5i02 0.865585391604302
Kohle
Lufti4 = Fe203 0.2603130309630089
Daturn
| [To2 0.0177159249585519
11.09.2001
503 0.606917607351214
i |c 31.3574097131461 Zeit
Luft2 = oz 10.3834237267784 06:00:00 |
" Hz 2.59538559316946
Mgktor ABL1/ABL2 =
SUM= 100%
Import from Database
Iterator Data Source:
C:\LocalData\GTT_ANWEMDUNGENModel 2, 3\KASIS-05v0 1.mdb
Iterationsgenauigkeit = 0.01 N
| Reset | | cear | | concel | [ create |
L
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Temperatur in combustion chamber partitined in three areas
Proportion of fluid / solid wet ash
Proportion of flue gas recirculation
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Furnace chamber model

Resultate Grafik

[ poameter | paranetes2 |_prozss

‘ Z2/0H3 Trifus .

|____4_

VORWEG GEHEN

kafs

kafs
kajs
kayfs

Luft2
Luft2 = 138
Faktor ABL1/ABL2 =
0.55
Lufti
@ = 0.8
) Amount:
Luftl.1= 434
Luftl.2 = 185
Wftl3= 47
Luftl.4= 13

summe Kohle [ka/s]:
Kohle1 [36]:
Kohle2 [9&]:

Kohle3 [36]:

kafs

100

100

/ Typical values for air supply
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Result — Furnace chamber model

RWE Prozessmodell lE FEl -

Parameter I Parameters2 I

Prozess

Kessell_aus Results:

g
El
~

Gas_Kessell aus

N
l§
&

Silikatschmelze_Kessell_z
3.02043 kg
(92.47831%)

l

Salzschmelze_Kessell au

)

o=
=
28

Oxide_Kessell_aus

)

_—o
=
&8

Sulfate Kessell aus

==
=
=8

)

Silikate _Kessell_aus

)

=
=
28

Others_Kessell_aus
Okg

Splitter1_aus2 Results

Gas_Splitter1_aus2
Okg

l
l

Silikatschmelze_Splitter1_

0.60409 kg
(18.49566%)

l
l

Salzschmelze_Splitter1_au

=
=)
&

)

Oxide_Splitter1_aus2

)

= O
=)
28

l
l

Sulfate Splitter1_aus2

)

el ]
=)
28

l
l

Silikate_Splitter1_aus2

)

=
[=)
E£E

l
l

Others_Splitter1_aus2
0 kg

| Resultate

Grafik

Kessel2_aus Results:

592.62925 kg

Silkatschmelze_Kessel2 2

2.45918 kg kg
(75.29426%)

Salzschmelze_Kessel2 au

Okgka
(02%)

l
l

Oxide_Kessel2_aus

0 kg kg
(0%%)

Sulfate_Kessel2_aus

0 kg kg
(0%%)

Silkate _Kessel2_aus

0 kg kg
(02%)

Others_Kessel2_aus
0 kg

Recyde_in Results:

l
l

Gas_Recyde_in
118.52585 kg

l

Silikatschmelze_Recyde_i
0.49184 kg kg
(15.05885%)

l
l

Salzschmelze_Recyde_in

Okg kg
(0%)

Oxide Recyde_in

0 kg kg
{0%)

l
l

Sulfate_Recyde_in

0 kg kg
(0%)

l
l

Silikate_Recyde_in

0 kg kg
(0%)

l
l

Others_Recyde _in
O kg

Kessel3_aus Results:

Gas_Kessel3_aus

5
i
g
&

Silkatschmelze_Kessel3_z
1.61167 kg kg
(49.34561%)

Salzschmelze_Kessel3_au

Okgka
(0%%)

l

Oxide_Kessel3_aus

0.00774 kg kg
(0.23709%)

Sulfate Kessel3 aus

0 kg kg
(0%%)

Silkate _Kessel3_aus
0.39489 kg kg
(12.09067%)

Others_Kessel3_aus
0 kg
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Result — Furnace chamber model
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Summary and Outlook

Introduction of SimuSage based models

—> Coal blending
- User defined input (linked to user database) and output (phases in
groups) = simplification of an Equilib type calculation

- Furnace chamber
—> First step into development of a proper process model for coal fired
power plant
- Step 1: Furnace chamber with recirculation of flue gas

- To come: extension into boiler range
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