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Carbon Capture Simulation Initiative Physical Data Calibration Study for Ideal Equilibrium Model
The Carbon Capture Simulation Initiative (CCSI), is a Department of Energy Office of Fossil Energy effort involving 5 Thermogravimetric analysis (TGA) response data is weight (or % increase) of sorbent measured 7 1 ASS AHS
national laboratories in collaboration with the coal-fired power plant industry to investigate carbon capture technology. every second. ](5 = = —exp _ exp _—
CCSl is developing technology to accelerate the process of making carbon capture reliable and affordable. NETL conducted TGA experiment, results pictured below with temperature profile (red) including 7 z4y (1 — 2x — Z)p P R RT
temperatures and 8 transitions over time. The same profile was used in model runs. g= 339
Uncertainty Quantification (UQ): s x2 AS6 AH6
UQ capability is critical for simulation based analysis due to the complexity and cost of implementation of candidate NETL 32D Aldrich PEI (Mnﬁgsﬂ) AEAPP\IHS PQ2129 K¢ = 1-2 =CXPp R CXP| — RT
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systems in industry operations. UQ_ includes methods and tools for identification and propagation of uncertainty at all e as composition: Dry arance ( X Z)Z
levels of a system. This poster illustrates UQmethods being developed for effective simulation of a solid sorbent process P,___p———\l_\
for carbon capture. 22 \ - 100 Parameter | Description Lower Bound | Upper Bound | Unit
mg Sorbent weight per active amine site 0.1886 0.48 kg/mol
S 80 AHjs Change in enthalpy for first reaction -40000 0 J
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for more complex model, NETL 32D with 12 inputs. = g
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= |nput calibration: estimate “best” simulation input values for parameters that determine equilibrium constants 30- | T
consistent with physical experimental results o Goal: Estimation of parameters (5) that determine equilibrium constants in an ideal equilibrium
. 30 |
. e e . . . L model, such that there is consistency between physical observation and simulation of g,
= Goal is to quantify distributions that capture uncertainty associated with these parameters, which is useful for UQ | ilibri ioht | Y Py J
efforts for higher level systems. 29.5 - | | 1 1 -0 equifiibriim WEIght Increase.
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* Incorporate expert prior information about parameters.
Sensitivity Study for NETL 32D Solid Sorbent Model e Bayesian statistical approach quantifies model discrepancy and observation error.
Parameter Description Low High Unit
Value 0 s o S50 00 50 0
log(KO/”C) Porosity and tortuousity of movement | -10.5 2.0 : ° CO_2 Partial Pressure-4 % CO_2 Partial Pressure- 10 %
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Sensitivity analysis based on identifying trends mean weight fraction I s o s * /
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Solid Sorbent Models Goal: Evaluation of code function and sensitivity for 12 parameters. P
Sorbent consists of mesoporous silica backbone embedded with amine PEI, which adsorbs CO2 thru chemical reaction * Initial experiment design 128 runs, varying 12 inputs prescribed by OA- T T T ° S ‘ I I ~ ‘ ‘ I
with temperature impacting effectiveness of adsorption. based, LHS, achieving balanced representation of multiple factors . 360 360 340 320 380 360 340 320
Oth generation model: a pure ideal equilibrium model is simplified to exclude kinetic parameters, assuming fast kinetics femperature femperature
with equilibrium achieved in test runs. Parameter uncertainty .
1t generation: lumped kinetic model, base model w/ kinetic, thermodynamics, and water effects used in process/CFD average vaiue delta=H kaps : low 43740.442 average value deita i kaps  low s 45708107 Col e bivariate boster abilite deneit Predictions and Bounds
models. Sensitivity Analvsis olor-scale bivariate posterior probabliity densities Physical observation in red, simulation model
ond generation: NETL 32D, includes transport effects vty ys! 3 1 3 1 for pairs of parameters — shows most likely estimates and bounds (95%) for 4 cases of CO,
3rd ti s lud ’ ideal th d : .d it titi ter adsorotion effect * Sensitivity analysis based on identifying & o | § o parameter values for simulation agreement with oressure.
generaton: Includes non-idea ermoaynamics and Ssite-compettive water adsorption errects. trends mean weight fraction calculated g - g " physical observations.
from TGA curves, with individual or pairs ¢ _ | g
of parameters. i R ==t °
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complete (20) or have little signal. | Continuing Efforts
+ _ K_ + _ . . secs, gas 10 % w value 9716.5 secs, gas 10 % w value 9716.5
R.NH+R.NH :CO. «<——R.NH."  +R.NCO » Sorbent kinetics seem to be controlled by _ _ _ _
2 2 2 2 2 2 2 b d bili f : : average value delta-S kap5 : low -197.458 average value delta-S kap5 : high -94.555 o Estimate parameters for complex sorbent model, NETL 32D, accounting for time component with temperature
L _ nUMDEr and Mool |ty ot zwitterions. average value delta-H kap5 : high -17490.28 average value delta-H kap5 : high -18482.67 L. . .
 ERads. P M < W, e : . transitions and gas pressure cases. May require construction of surrogate model (emulator).
R o T e Sensitivity analysis focused attention on
o o g two parameters with apparent main S S ] * Thus far, focus has been on a baseline model. Future work will compare to a model with variable reaction
effects: AH,; and AS,, illustrated g ° 52 enthalpies.
graphically, right. 5 1 5 S * Constrained Sampling Design
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: ST L ,caeammmmmmmms R S 7 e Model Comparison Using Sensitivity Analysis on model discrepancy estimates.
' po- s | . 1 . . s 1 . | I . I e Study propagation of parameter uncertainty for upstream modeling effects.
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