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Al LCA: Life Cycle Assessment
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HILS: Hardware-In-the-Loop Simulation
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Clean fuel-based energy conversion devices Reducing emissions from energy conversion

2. Thermodynamic system modeling and analysis (HILS) 3. Life Cycle Analysis for various fuels and powertrains
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SCR: Selective Catalytic Reducti
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1. Find the proper mechanism that explains exp. results.

2. Develop 0D model of powertrain. (engine / gas turbine / etc.)

3. Find the condition that ammonia can be exhausted

Predicted x_NOin a PFR, tau =0.1s, P = 5 bar Predicted x_NH3in a PFR, tau=0.15, P =5 bar

0D simulation results (GRI 3.0 mech. vs. Alzueta’s mech.)

intentionally and SNCR occurs.
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carbon intensity of the ship to decline through implementation of
further phases of the energy efficiency design index (EEDI) for new
ships

to review with the aim to strengthen the energy efficiency design
requirements for ships with the percentage improvement for each phase to
be determined for each ship type, as appropriate;

.2 carbon intensity of international shipping to decline

to reduce CO: emissions per transport work, as an average across
international shipping, by at least 40% by 2030, pursuing efforts towards 70%
by 2050, compared to 2008; and

IMO ACTION TO 3
REDUCE GREENHOUSE ’
GAS EMISSIONS FROM
INTERNATIONAL SHIPPING
IMPLEMENTING THE INITIAL

IMO STRATEGY ON REDUCTION
OF GHG EMISSIONS FROM SHIPS

GHG emissions from international shipping to peak and decline

to peak GHG emissions from international shipping as soon as possible and
to reduce the total annual GHG emissions by at least 50% by 2050 compared
to 2008 whilst pursuing efforts towards phasing them out as called for in the
Vision as a point on a pathway of CO: emissions reduction consistent with
the Paris Agreement temperature goals.

IMO: International Maritime Organization

carbon intensity of the ship to decline through further improvement of
the energy efficiency for new ships

to review with the aim of strengthening the energy efficiency design
requirements for ships;

carbon of to decli

to reduce CO. emissions per transport work, as an average across
international shipping, by at least 40% by 2030, compared to 2008;

uptake of zero or near-zero GHG emission technologies, fuels and/or
energy sources to increase

uptake of zero or near-zero GHG emission technologies, fuels and/or energy
sources to represent at least 5%, striving for 10%, of the energy used by
international shipping by 2030; and

GHG from inter hipping to reach net zero

to peak GHG emissions from international shipping as soon as possible and
to reach net-zero GHG emissions by or around, i.e. close to, 2050, taking
into account different national circumstances, whilst pursuing efforts towards
phasing them out as called for in the Vision consistent with the long-term
temperature goal set out in Article 2 of the Paris Agreement.
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BoP: Balance of Plant
O E AI N -” HILS: Hardware-In-the-Loop Simulation
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(example from former study)

N,, N,O and NOx More N, formed
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Ultra-stable Y zeolites

Flow reactor experiment setup for
decomposition and oxidation of ammonia

= System 0D modeling (SOFC, BoP, heat exchanger, etc.) = Customizing catalyst-support materials and test
via Cantera toolbox and MATLAB software = Reforming ratio (i.e. duty) and decomposition T
= Adopting experimental data with Labview-based DAQ => NOx selectivity, especially N,O pathway
System analysis Catalytic oxidation and reforming exp. (main BoP)

Advanced Fuel and Regenerated Energy Lab.



BoP: Balance of Plant
O E AI N -” HILS: Hardware-In-the-Loop Simulation
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= LCA: Life Cycle Assessment
OlE A =X 3-1
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Industrial ammonia
Most of the world's ammonia is synthesized using Haber-Bosch, a century-old process that
is fast and fairly efficient. But the factories emit vast amounts of carbon dioxide (CO, )
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Kerosene spray flame under hot diluted condition- swirl effect
N 3 MILD condition (15%02, 250 degree Celsius)
Preburner fuel injection rate (m3/hr)
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Source: PNU Burner presentation, Prof. Mardani & Professor Emeritus Kyung Chun Kim, 2024
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AHE =2 ATIo| FAletE M 7= /i (MM AEFE Tl S, MECH-71AH A = R)
COV [%] coV limit Case # 1 2 3

T T (unstable Lambda [-] 3.204 2.989 2.808
el torque limit 10 combustion) RPM [rot/min] 780 799 843

501 (<70%, 35Nm 9 Brake toruge [Nm] 0
! = : I IGN [CA aTDC] -50 -28 -10
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| K NOx [ppm] (pre/post) 08| 06| 057 052 056 0.9
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Ignition Timing [CA bTDC]
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= Discovered the limits of operating point
= Feasibility of using commercial TWC for hydrogen combustion

= Suggested suitable idle operation for hydrogen-fueled engine
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= MSW (Municipal Solid Waste) 7|8t H7d =2
Al-based
Kinetic model
Objective#il Objective#2

Develop an Al-kinetic model using a
molecule-level reactor experiment

Optimize the thermochemical process
using Al-based process simulation
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Objective#3

Demonstrate the performance of the WtE
system at the optimal operating condition
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