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Background and Scope

Study the oxy-combustion process to understand the
possible compensation in the heat transfer by co-firing
blends of coal and biomass

=  Experimental trials in a retrofitted 100 kWth Oxy-combustor
' _ ' = Design of a rate-based simulation model which will be used as a
ornaraga a0 tool to select future test parameters
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Retrofitting Process
INITIAL MODIFICATIONS

Swirler of the Burner

= RFG System

v Gas tight fans
v Thermal conditioning of the RFG

= New Fuel Feeder
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Retrofitting Process
EXPERIMENTAL RESULTS

Cmnﬁeld

UNIVERSITY

PREVIOUS STAGES

MAIN SPECIES CONCENTRATION
OXY-FIRING 100% DAW MILL
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Retrofitting Process

LATEST MODIFICATIONS

CONDENSER

biomass/natural
gas + C02/02/
Air

Condenser
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Retrofitting Process
LATEST MODIFICATIONS

Type R thermocouple
with ceramic beading
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In-house air-cooled probe for
convective heat flux measurement
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Retrofitting Process
LATEST MODIFICATIONS

Type R thermocouple
with ceramic beading
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Retrofitting Process

LATEST MODIFICATIONS

SO; MEASUREMENT
Controlled Condensation Method (EPA Method 8A)

Insulated Box

/[ Quartz Filter Holder
\/ ~ High Temperature
Stack Wall y Heating Elements
T Heated Probe ) ,
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Retrofitting Process Cranfield,

LATEST MODIFICATIONS
ACID DEW POINT MEASUREMENT

stalled in Recirculation line

Capcis Box

Jww.cranfield.ac.uk

Data acquisition system
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Retrofitting Process
LATEST MODIFICATIONS

UNEXPECTED

. CHANGES
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LATEST MODIFICATIONS
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Retrofitting Process

LATEST MODIFICATIONS

NEW MODEL to use FTIR
after the CONDENSER

Exhaust

“Yacuum Pump

R$232 Connectior  Connected to

et

Interference with CO, and water

Control Lantoo

Overflow t-piece Maximum concentrations measured with
the Conventional Combustion Method:

Ethernet cross- lmla
ti i
over connection C02 60 % wet baS|S
H,0 40 %
Prot!s 2040
Mitrogen Gas calibration & .
alibration $pan www.cranfield.ac.uk
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Experimental Test Cranfield
INPUTS

# Type of fuel: El Cerrejon Coal 13.5kg/h

# Percentage of Recycled Flue Gas :60-65%

r—
# Types of Recycled Flue Wet- Hot Recirculation (After Particle Removal ): First stage of test
—=
Gas Dry - Cool Recirculation (After Particle, Condenser); Second Stage

—

s

Primary O, (Fuel carrier draught): Not Used
# Oxygen Injection _¢

Secondary O,.; 35-40% in gas fed

—

www.cranfield.ac.uk



Experimental Test

RESULTS
Gas Composition
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MAIN SPECIES CONCENTRATION
OXY-FIRING 100% EL CERREJON
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Experimental Test
RESULTS

Temperatures

TEMPERATURES
OXY-FIRING 100% EL CERREJON

e Flame 2-top right
== \/ERT COMB bottom

= Flame 1-top left
= Refractory Top VERT COMB

e Flame 3-bot right
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e===HORIZ COMB 2
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Experimental Test
RESULTS

Temperatures
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Experimental Test
RESULTS
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Heat flux
%RFG

OXY-FIRING 100% EL CERREJON
=== Flame 3-bot right e %RFG Heat Transfer Flux (kW/m2)
1200 250
/
1000 —— | 500
O 800
P - 150
5
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g
£ - 100
lﬂ_J 400
200 _M .
0 T T T T T 0
0 20 40 60 80 100 120
Time(min)
> RFG » Heat flux (Hukseflux sensor)
Max 74% Max 192 kW/m?
Av 61% Av 155 kW/m?
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Simulations using

Aspen Plus®
DRY RFG

OXY-COMBUSTOR
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Experimental .vs. Cranfield
Simulation Test

MINOR SPECIES-COMB PROD-60%RFG

C O M PA R | S O N ——S02 0%exc 02 —fi— HCI 0%exc 02 —— NO 0%exc 02 —— NO2 0%exc 02
== S02 5%exc 02 == HCI 5%exc 02 =@ = NO 5%exc 02 == NO2 5%exc 02
e3¢+ SO2 21%exc O2(AF) =9 HCl 21%exc O2(AF)  --3-- NO 21%exc O2(AF) -3+ NO2 21%exc O2(AF)
—¢—S02 EXP —X=—HCI| EXP =—X=—NOX EXP
1000.00

100.00

ppmv

10 100% EL CERREJON  50% EL CERREJON-50% CCP 100% CCP
MAIN SPECIES-COMB PROD-60%RFG
—@— 02 out 0%exc 02 —#— H20 out 0%exc 02 —&— CO2 out 0%exc 02
= <%= 02 out 5%exc 02 =@ = H20 out 5%exc 02 = 4= CO2 out 5%exc 02
c+¢-+ 02 out 21%exc O2 (AF) =+9¢-+ H20 out 21%exc O2(AF) «+ >+ CO2 out 21%exc O2(AF)
=—X— 02 EXP =—X— H20 EXP —— CO2 EXP
70.00
H
60.00 e Values for WET RFG
e * - - B o o
x BT (simulations)
50.00 ==
Cco, 51 % wet basis
40.00 H,0 21.4 %
40,00 SO, 7600 ppm
X NOx 7600 ppm
20.00 — HC/ 9ppm
10.00
0.00 - wwu.cranfield.ac.uk
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Modifications performed to the oxycombustor in different phases

# Experimental results showed for each phase

#% Substantial Increase in the amount of flue gas recirculated

% Oxygen fed up to 40%

% Condenser used for first time

% A few difficulties during operation with the new configuration have been
identified and work will be done to solve them

Kinetic Simulation Model has been developed

% Acceptable agreement in comparison with wet RFG results for main species
% More work required in comparison with dry RFG results (Sti/l not clear if it is due
to not optimal operation of the rig or inaccurate results of the model)

LY
L

# Starting new set of tests applying Dry RFG and new measurements (SO;, Acid Dew Point,
Heat flux...) for which a noticeable increase in CO,in the exhaust is expected thanks to the

condenser
www.cranfield.ac.uk
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Fuel Composition

Daw Mill El-cerrejon

Coal Coal
Proximate analysis (% wt, AR)
Moisture 4.60 5.80
Ash 4.20 8.60
Volatile matter 31.30 34.80
Calorific value (kJ/kg)
Gross Calorific value 25260 27850
Net Calorific value 24107 27122
Ultimate analysis (% wt, AR)
Carbon 74.15 69.20
Hydrogen 4,38 4.80
Nitrogen 1.4% 1.42
Oxygen 10.49 9.98
Sulphur 1.28 0.58
Chlorine 0.20 0.02
Ash composition (% wt, of total ash)
Si0, 36.80 60.69
Al Os 23.90 22.01
F6203 11.20 7.43
TiO, 1.10 0.92
Ca0 12.00 227
MgO 2.50 2.90
Na,0 1.50 1.06
K0 0.50 232
Mn;04 0.40 0.06
P,05s - 0.21
SOs - -
BaO - 0.11

www.cranfield.ac.uk



AIR/ OXY-FIRING

RFG (%)

O3 Exc (%) (viv)

T rrG (2C)

Air Leakage
(% of Total Gas fed)

RFG Purification

v
v
v
v

STAGE 1
Air-firing case

Air -firing

STAGE 2
Oxy-firing case with
wet recirculation, heat
loss and air leakage

Oxy -firing

Cran ﬁeld

KINETIC MODEL

STAGE 3
Oxy-firing case
with partial

condensation in
RFG, heat loss and
air leakage

Oxy -firing

STAGE 4
Oxy-firing case
with dry
recirculation, heat
loss, air leakage

Oxy -firing

STAGE 5
Air-firing case
with power
generation unit

Air -firing

UNIVERSITY

STAGE 6
Oxy-firing case with
dry recirculation, heat
loss, air leakage, ASU
and power generation
unit

Oxy -firing

-- 55, 60, 65, 70 55, 60, 65, 70 55, 60, 65 -- 55, 60, 65
21 0,5,10 0,5 0,5 21 0,5
-- 130 75,90 130 -- 130-200
-- 1.7 0, 2,10, 18 10 -- 10
Clv?iﬁl)(glig:]gsejsc()géfezvlv Daw Mill coal, El Cerrejon coal, El Cerrejon coal,
! Cereal Co-Product | Cereal Co-Product Cereal Co-Product
Co-Product, - . ;
Coal . biomass, blends of [biomass, blends of Coal biomass, blends of
Miscanthus), blends of . . .
coal and biomass coal and biomass | coal and biomass coal and biomass
(75/25; 50/50; 25/75) (75/25; 50/50; 25/75)((75/25; 50/50; 25/75) (75/25; 50/50; 25/75)
Particle removal, |Particle removal, . .
. . . . . Particle removal, acid
Particle : . acid species and |acid species and )
Particle removal Particle removal species and water
removal water vapour water vapour

condensation

condensation

vapour condensation

Establish reference cases (Stages 1 and 5)

Validation of the model by applying similar conditions to experiments (Stage 3)
Simulations with condenser implemented to include dry RFG (Stage 4)

Simulation of the entire system including ASU and steam turbine (Stage 6)

www.cranfield.ac.uk




Simulations:
DRY RECYCLE FLUE GAS

UNIVERSITY

Cmnﬁeld

MAIN SPECIES- Exhaust Gas

E F F E CT O N TH E EX H A U ST —@— 02 out 5%exc O2w/o cond —#— H20 out 5%exc O2 w/o cond ——@=—CO2 out 5%exc O2 w/o cond

80.00

70.00

60.00

50.00

CO, increases 20% (v/v) as consequence of

implementation of the condenser 40.00

% Vol

30.00
= H,O decreases at the same proportion to the

. 20.00
increase of CO,

10.00
0.00

MINOR SPECIES-Exhaust Gas

—f— SO2 5%exc 02 w/o cond —— HCI 5%exc O2w/o cond —— NO 5%exc O2 w/o cond

—f@— NO2 5%exc O2 w/o cond  =<= SO2 5%exc 02 = <= HCI 5%exc 02
= <= NO 5%exc 02 = <9= NO2 5%exc 02 c+9¢-+ SO2 21%exc O2(AF)
+=¢-+ HCI 21%exc O2(AF) <=9+ NO 21%exc O2(AF) =++ NO2 21%exc O2(AF)

7000.00

6000.00 .\\
5000.00

> 4000.00 — \-\
=

oy

S 3000.00

2000.00

1000.00

0.00 -

55%RFG 60%RFG 65%RFG

== 02 out 5%exc 02 = <%= H20 out 5%exc 02 == CO2 out 5%exc 02
«ex++ O2 out 21%exc O2(AF) «e ¢+ H20 out 21%exc O2(AF) =+« CO2 out 21%exc O2(AF)

55%RFG 60%RFG 65%RFG

All minor species drop to near zero content in
the exhaust gas, in the cases where the
condenser was used

There is a decrease of NO and NO, levels, at
higher % RFG, due to dilution

Not good prediction for HCI, NO and NO,

Condensates
composition: H20 H.SO4s HNOs;  HCI
P B 5viv) (%viv)  (%viv) (%viv)
= 0,
O S% 9096 072 829 0.2
2
- 0,
gg?;g‘if‘?/" 89.13 0.71 10.13 0.02
2
AIR-FIRING 89.18 0.73 10.05  0.02
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