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What is Chemical Looping Combustion?  [N=[E=v
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Fuel and air are mixed together and produce Fuel and air are reacted separately in two stages using
energy for electricity generation. an oxygen carrier, which is usually a metal oxide

(MeO). Energy is recuperated in the air reactor step.
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What is our end goal?

* Determine if CLC is a feasible technology and
worthy of additional investment/development

= Data and information for strategic decision making

 If it is feasible, THEN

* Help developers overcome technical issues

* Help technology be successtul
* Ultimately commercialization

—> jobs and growth
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How Do We Get There?

Critical issues that need fto be addressed

Determine if oxygen carrier make-up cost targets are feasible
* Establish a baseline

* Execute strategy to achieve cost targets

More hours of continuous operation in small pilot-scale units

* Demonstrate steady-state operation

* Confidence that components will meet performance requirements

Accelerate char conversion

Determine if solid/solid separation for char and/or ash
separation is feasible
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Component development

* Achieve 80% separation of 1 wt% char in O, carrier at separation flux of 0.5 kg/m?-s.

Carrier performance and durability
* Carrier make-up costs that are less than $5/ MW, -hr.

Sensor development for CLC applications

e Demonstrate reliable solids circulation rate alternatives

Experimental testing and operations
* Demonstrate oxygen cartier make-up costs <$5/MW , -hr in a circulating CLC test facility

System Engineering and Analysis

* Develop research metrics and other research targets based on techno economic evaluations
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Component Development TL [Echorocy
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EXPERIMENTAL RESU LTS
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Reduce Solids Losses During Process Upsets

* Metric: Order of magnitude lower solid loss rate % Z: Other Cyclone Concepts
relative to conventional cyclone g, _
-% 0.2 - -
g ot Uniflow Cyclone /
Improve Dense Horizontal Transport L EEEEEEEN
Performance Predictions S S

* Metric: Predict pressure drops to within 5% across
an L-valve for CLC systems

Solid-Solid Separations

e Metric: For less than 1 wt% char/carrier mixture,
demonstrate 80% separation efficiency of fines and
a separation flux of 0.5 kg/m?-sec
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Component Dev. - Solid-Solid Separations N [rciotocy

For less than 1 wit% char/carrier mixture, demonstrate 80% separation efficiency of LABORATORY
fines and a separation flux of 0.5 kg/m?2-sec

Material Size Range (um) Sphericity  Density U, (m/s) . .
Max Avg Min SMD* () (kg/m3) Largest Smallest Correlation from Choi et al., 1985
Steel Shot 360 200 105 194.39 0.923 7890 X 1.78 U.—U 3.83
lImenite 250 155 105 15124  0.902 4457 X 1.24 " (kg;ng) = 0.36(Xg) "% (E_f)
ALO, (small) 500 309 149 293.97  0.821 3968 X 1.6 U,
Al,O; (large) 1000 613 300 550.56 0.820 3968 X 3.18 Correlation from Monazam et aI., 2017
Glass Beads 123 93 37 75.3 0.912 2464 0.39 X
. 1366 (Ue\ °%* / Prine "4
Filter Bag elu (kg’;m S) =1. 354(X JI (Ur) (;)
Steel Shot/  llmenite / 1000x300um 500x149um
Glass Beads Glass Beads  Al>O3/ Glass Al203 / Glass
o Beads Beads
Free Board |- = - = Static bed depth (cm)  7.62 7.62 7.62 7.62
SEE Aspect Ratio, L/D (-)  0.75 0.75 0.75 0.75
e —\G— 170 cm Dimensionless 08,1.0,1.2 08,1.0,1.2 1.0,1.2,15,18, 1.0,1.2,15,2.0,
] velocity, 20,2225 30 25 3.0
Ug/Ut gb (-)
e Gas Velocities (m/s) 0.31, 0.39, 0.31, 0.39, 0.39,0.47,0.59, 0.39,0.47,0.59,
PDT ¢ ekl Fluidized Bed | 0.47 0.47 0.70,0.78,0.86, 0.78,0.98, 1.17
Mass Flow ’ . 0'98’ 1.17
Controller D Air Percentage of Glass 57 57 2, 25,57, 77 2, 25,57, 77,95
istributor
Fluidizatio on il —= Beads (wt%)
Ajr = =] == Air Vent - - o £
k—10 cm—+ Ball Valve Requires extrapolation to less than 1 wt% fines
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O, Carrier Performance and Durability

Metric: O, carrier make-up cost performance should be less than $5/MW, -hr

545 nm

e Carrier Manufacturing

530
520
510
500
490
480
470
460
450

* Develop and manage interactions with external manufacturers

e Attrition Studies

* Develop engineering model for attrition based on first principles

431

* Metallurgical Surface Degradation e B
. . . (velocities, models
* Improve oxygen carrier microstructural changes to redox reactions corer <)
“eotes | Matera
° ° ° i properties
* Novel Oxygen Carrier Scoping Studies L
. . . nechnsve B 70 it
* Higher temperature oxygen carrier materials (i.e., 1100-1200°C) sbresion ot [ oss on impact I atiton rte

Knowledge of
severity

* Faster char gasification = Better fuel conversion? = No char/carrier separation? Sl
ak

* High oxygen transport capacity oxygen carriers (i.e., oxygen transport
capacities in excess of 10 wt%).

* Higher oxygen/carrier ratio = Lower circulation rate? = Lower make-up rate?

* CLOU scoping studies
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Attrition Studies and Model Development | LABORATORY
Fﬂt;;‘;ankt (12 ﬁlterfs) toticipmi%%‘fs with * Combines traditional Davidson jet cup with
- o retention of particles >0.01 um . . . .
Additional T/C o reaction for chemical looping combustion
;bzilttl‘;g/s Igﬁ:':c’li‘z applications
EO“N)EF * Designed to entrain particle of size <40 um
gray ..
* Completed room temperature attrition tests
Secondary gas \ flange Toms * Several hot tests performed
To analyzer
Sparger ring i T s — * Adjusted flow for constant energy
ue —|§%
e, T ﬂ between hot and cold conditions
i Cisting * Reactive tests to be performed in the coming
Externa
“ shell (green) months
— Attrition rate v. time PSD before and after
0.25
NZ Jet gas ——Room Temp
“ 0.2 —=-850°C Const. Vel. 4 Before Test ﬂf"' r
—+-850°C Const. Energ.
éms g ' : g
Reduction/ - " £ o § ol
Oxidation gas Plnum : E - - g
Jet cup portion is conical 0 °
SiC distributor | (1”x2” ID, 3” high) with 003 &
' tangent jet hole diameter - e 0"
0 Hm
of 1/16”

0 30 60 90 120 150 180 210
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Develop research metrics and other research targets based on techno-economic
evaluations
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NETL fluidized bed fuel reactor models validated using
50 kW, CLR data

* Improves confidence and accuracy of CLC plant level TEA models
* Provide R&D guidance to future CLR test operation

* Initial phase of NETL study on generalized oxygen

carrier types
* Higher temperature circulating CLC reactor (iron-based)
. . . . . 0 10 20 30 40 50 60 70 80 20
* Higher oxygen transport capacity circulating CLC reactor (iron-based) Model NG Conversion (%)

* CLOU oxygen carrier analysis (copper-based carrier)

CLR NG to CO, Conversion{%)
N w -y [, [=)] ~J
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NETL 50 kW, Circulating CLC Testing ¥E ENERGY
Test Sefup LABORATORY
. Spent air
* Carbon steel shell/refractory lined i ! I
* Fuel Reactor ad
Seconda
* Bubbling bed (8” dia) Cyeones ' @—@—NZ
* Natural gas (1 of 3 locations) BeckPresaure T seal Pot t
N salalal LELTTEE
* Air Reactor e | s O pe
makeup CO, flue gas
* Turbulent fluidized bed (6 dia) soecor [Ty | :
* Natural gas for startup particulate E[ Y e
filter makeup
e Gas Seal/Seal Pot . locknopper
o Bubbhng bed (8” dlﬂ) Reactor Eevneseneel B0 CH ™\ Secondary air
€<—
* Vent lines (3 individually controlled) e R ] R
. : -valve N > -valve ir
* Cyclones remove hot solids prior to filter banks Sparger tube N, > “""“"‘""W“""‘“"’“’“’“"“’“’W_Ihmmw Reactor
’ BaCk—pressure COﬂthl VH.IVCS N2 —>| Preheater B Plenum e air—) Preheater Plenum

U.S. DEPARTMENT OF



https://www.osti.gov/scitech/biblio/1347568-operation-netl-chemical-looping-reactor-natural-gas-novel-copper-iron-material

Chemical Looping Reactor Operation N=[Eey
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Recent Summary of Test Results
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. . _ _ o +—4 y_H20_out
* Week-long test campaign completed in May * Fuel Reactor —(760-815°C) 4 oo
2017  Air Reactor — (840-915°C) H oo
 Tested effects of steam and pressure on *  Circulation rate (100-200 kg/hr) 50
. 1 _ [0)
fuel conversion * Fuel conversion (50-80%) .
. - ) g
* 11 hours of autothermal operation over *  Carbon balance (95-100%) ;
. . . . E 30}
75 reduction-oxidation cycles with the Cos o6 o 50% and 45% g
. TC-05 - - CH, feeds to FR =
Sa me materlal 1000 Reactor Temperatures 4 eedsto e z 20
* More accurate attrition rate < w0 @%WWWW — isTem 10}
determined for technoeconomic ] o | T Y ;
mOdeIin g ’ . . aquetlr:zgrEi\:;sinHsou o . 0 C?—|54Th4e0rmallt?npu?c0(kwsti) 0o
* Installation of steam generator and syngas s ’— *IT == ﬁﬁ” “| 1T o Attrition rate
system for future operations cw * .
© 20 25 b ]
0 100 200 300 e ?ﬁiUtes) 500 700 800 %“- 20 __________________________________________ [ ] AR
10 Bed Height - ‘,"EU 15 e @
?Z: —_n i Sl eg R B
%04 3 . ® L,
o0 0 100 200 300 400 500 600 700 800 00 _é\ 110 lif; 20
Time (minutes) Period#
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NETL 50 kW, Circulating CLC Testing

Demonstrate oxygen carrier make-up costs $5/MW,, -hr in a circulating CLC test

facility

* O, carrier make-up costs
* Baseline for 50kW, test unit estimated

10°

104

* Key issue for CLC technology maturation

10°

* Gaps to address . ..

* Lower-cost O, carriers o

* Fundamental effects of redox cycling on attrition

* Need longer duration tests under redox and 10°

circulating conditions

Cost of OC Makeup (US$/MWh)

10°
e More studies are needed!

107
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Low OC Cost

10°

Rate Based on
Different Recycle
Ratios

Average Makeup High OC Cost
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= glpha = 0.50
== alpha = 0.75
——— alpha=0.90
- alpha = 0.95
~ alpha=0.99

10"
Cost of Oxygen Carrier (US$/kg)
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Sensor Development For CLC Applications TL [Ecimooey

Demonstrate reliable O, carrier circulation rate alternatives

* Microwave doppler sensor concept
* Developed for high temperature applications
* Tested in NETL’s Chemical Looping Reactor

* Second generation sensor design in progress

* Addresses coating 1ssues in hot tests

X velocity (m/sec)

Doppler velocity (m/sec)
o

00020 060 1012 14 16 18 20 22 24 26 28 3.0 32 34 3.6 3.8 40 42 44 46 48 50 52 54 56 58 6.0 6.2 64 6.6 68 70 7274
time (seconds)

Microwave sensor detects mean particle
velocities in L-valve (cold flow testing)

Conductive deposits on the alumina waveguide
reduces signal

ef: B. Chorpening, M. Spencer, R.C. Stehle, J. Charley, and D. Greve “Doppler Sensing of Unsteady Dense Paniculatn
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Summary and Conclusions L

il

* CLC is a promising approach for cost effect CO, capture
* Projected capital cost is comparable to Circulating Fluidized Bed (CEFB) combustion systems

* Operating cost is still area of concern = reliable operating data is needed

* Summary of recent accomplishments for NETL/RIC
* NETL bubbling fluidized bed fuel reactor model validated using 50 kW, NETL test data
* Improves confidence and accuracy of CLC plant level TEA models
* Demonstrated NETL’s patented high O, capacity carrier
* Reduces solids circulation rate requirement = lower OC make-up cost
* New low cost manufacturing approach used by commercial vendor

* 40 hours of CLC operation/1.6 hours of auto-thermal operation (i.e., no auxiliary heat addition)

* Scoping studies in progtess (solid-solid mixing, high temperature OC’s, char/carrier separation, etc.)
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