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Green Energy & Molecular Engineering LabGreen Energy & Molecular Engineering Lab

Approach:Approach: MultiMulti--scale simulation and design of green power enginesscale simulation and design of green power engines
from from QuantumQuantum to to NanoNano to to MicroMicro to to MesoMeso to to MacroMacro-- ScalesScales

Objective: Direct energy conversion without pollution

QD Solar Cell QD LED
Photon Electron

Fuel Cell Electrolysis 
Proton  Electron

Super-caps + Li Batteries
Ion Electron

Thermoelectric Chips
Phonon Electron

Research Area:

Li

2.1737

Li

2.1942

Li

2.0855

2.1737

2.1942

O(3)

1.5575

2.5734

2.4478

Li

Fe

2.1992

2.0606

O(1)

1.5251

3.0625

2.5734

3.0348
2.1737

P
1.5575

O(3)
2.4807

2.2532

1.5575

2.9133

2.4478

Li

2.0855
O(1)

2.9614

2.1737 2.1992

3.0625
3.0348

2.9133

Li

2.0856
O(2)

2.0856

1.5392

3.0625
2.4808

Fe

2.1148

2.0606

2.2532

P

1.5576

O(3)

2.19422.2532

1.5576

2.9133

2.48082.4478

2.9729

O(3)

2.1942

2.0606

3.0348

2.9525 O(2)

3.0625

2.9525

2.0855

Li

Li

2.1737

2.0856

2.1942

Li

2.1942

O(2)

2.1148

2.0856
O(3)

1.5575

2.5734

2.9729

2.4478

O(3)
2.0606

3.0348

P

1.53921.5575

Fe

2.1992

2.2532

O(2)

2.9614

2.4807

2.0855

Li

O(1)

2.9133

2.1737

Li

2.1737

O(3)

2.1942
P

1.5251

1.5575

O(1)

2.1992

2.5734

2.1737

Fe

Li

O(3)

2.1942

Li

Li

Li

PowderCell 2 .0LiLiFeFePPO4O4



Copyright Reserved

Personal Mobility Electric Vehicle
(Fuel Cell + Supercapacitors+ Battery)

Cabin Air Conditioner (Solar Cells + Heat
Pipes + Semiconductor Cooling Chips)

BioBio--Photonics & Intelligent Vehicle LabPhotonics & Intelligent Vehicle Lab

Plug-in Hybrid Electric Vehicle Design
(Engine + Motor + Li-ion Battery + CVT)

Next Generation Green Power Engineering

Research Area:
Bio-Fuel Cells + Bio-Solar Cells 
+ Organic Light Emitting Diodes 

Objective: Green power vehicle design and intelligent Objective: Green power vehicle design and intelligent controlcontrol
Approach: Key component Approach: Key component Device Device System System Intelligent ControlIntelligent Control
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Multi-scale Analysis and Design of Green Energy Engineering
多尺度綠能工程研究多尺度綠能工程研究

Oxygen Reduction Mechanism on Pt and Cu Catalyst ClustersOxygen Reduction Mechanism on Pt and Cu Catalyst Clusters

Oxygen AdsorptionOxygen Adsorption First Proton TransferFirst Proton Transfer

O2 Adsorption on Pt-absorbed and Pt-doped CNTs
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Catalytic Reduction in Low Temperature Fuel Cells

Oxygen Reduction Mechanism on Carbon Oxygen Reduction Mechanism on Carbon NanoNano Tubes (Tubes (CNTsCNTs))

PtCu
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First-Principles Computational Quantum Mechanics
第一原理第一原理--計算量子力學計算量子力學

GaNGaN Cluster Photonic CharacteristicsCluster Photonic Characteristics

Wave length diagram(GaN)20 (GaN)21 (GaN)26 (GaN)32

Density of States (DOS)((CdSe)CdSe)nn Molecular Molecular OrbitalsOrbitals ((CdSe)CdSe)nn Absorption on TiOAbsorption on TiO22

Photonic Characteristics of Quantum Dots on TiO2Photonic Characteristics of Quantum Dots on TiO2

Photoelectrochemical Solar Cells and BioSC Light Emitting Diodes (LEDs) and OLEDs

OLED Photonic CharacteristicOLED Photonic Characteristic

Photonic Characteristic of Biologic Pigments Photonic Characteristic of Biologic Pigments 
Cyanidin (C15H10O6)
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Molecular Dynamics and Computational Fluid Dynamic
分子動力與計算熱流分子動力與計算熱流

Interaction between Electrolyte 
and Anode in Li-ion Batteries

Photoelectrochemical Solar Cells

TiO2 Triiodide

H2O iodide Sodium

Methanol Crossover via DMFC Membrane

Chain-type (Nafion)

hydronium PQQ-
FAD

Au glucose

Membraneless Enzymatic Biofuel Cell

Proton Exchange through Nafion
Membrane
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Oxygen Ionic Dynamics in SOFC
/Ce4+

Ring-type (SPEEKK)

Nanotube TiO2Nanorod TiO2
Nanowell TiO2
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Field 
in flow Channel
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Field 
on Diffusion Layer

Fuel Cell Stack Design

Diffusion Layer DesignDiffusion Layer Design

Single Cell  DesignSingle Cell  Design
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Bubble Removal at DMFC Anode (TLBM)

SOFC System Design

Lattice Boltzmann Model
For 2-phase microflow

Bubble Velocity = 319.62 μm/s Bubble Velocity = 335.34 μm/s

Disk Type

Plate Type

Preheater
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System Dynamics and Intelligent Control

PEMFC System Dynamics and Intelligent Control SOFC Micro APU System Dynamics and Control

UltraUltra--capacitorscapacitors

系統動態與智慧控制系統動態與智慧控制
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FC Anode/Cathode DynamicsFC Anode/Cathode Dynamics Water Transport DynamicsWater Transport Dynamics
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SupercapacitorSupercapacitor DynamicsDynamics LiLi--ion Battery SOC Onion Battery SOC On--Line DetectorLine Detector
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ECE40 Test for PEMFC+Superapacitor+Battery Vehicle

Regulation
Simulation
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ECE40 Dynamic Vehicle Performance SimulationECE40 Dynamic Vehicle Performance Simulation

http://www.ztekcorp.com/sofc_turbine.htm

Turbo SOFC/MGT Hybrid Generation System StartTurbo SOFC/MGT Hybrid Generation System Start--up Control up Control 

Temperature
Sliding Observer
And Controller

Turbocharger

Fuel Cell Stack

Fuel Supply 
System

Air Supply 
System

Burner

Generator

Heat exchanger


