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Outline
ÅSmart Energy Grid Infrastructures

ÅResilient Interconnected Micro Energy Grids

ÅResilient Transportation Infrastructures

ÅFlywheel Energy Storage Platform, Flywheel-
Based Fast Charging Station

ÅPlasma-Based Waste-to-Energy and Plastic to Oil 
Process Technology
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Integrated Energy Grids
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Energy Grid Superstructure



Smart Energy Infrastructure Modeling

Demand
Actual

History Simulation

Water Pumps

Transportation

Othersé..

Distributed Energy 
Resources Modeling



B
A

C

F

I

E

G

D

H

Hydro Power Plants

Wind Mill

Solar

Thermal Power 

Plants

Analyze and Evaluate 

Current & Future 

Energy Needs in each 

Geographical Area 

using LCA/LCC Index

Nuclear Power 

Plants

Clustering, Data Mining for 

Optimized Energy 

Production/Supply Chain

Fuel Cells

Ocean/Tide 

Plants

é

Hybrid Energy Production Chain Planning

Risk/LCA Index

Classify Energy Use & 

Supply as per Amounts / 

Risks / Environmental 

Impacts.



Process

Plant

Site

Area

City

Top-down

Bottom-up

Energy Production Chain Planning

EG- S V- RS-

S0

RS-

M

C6 C9

RS- UP
R- RS-

S1

BT-

S0BT-

M

C17

C18

BT- UP

T0

C11

C15

PTA-

S
C7

C0

C1

R-

PTA- SC2

EG

PTA

C3

C4

C5 C8

C19

BT- S1
BV-

S0

BV-

M

C28

C32

BV- UP

C33

CAP-

S

C29

Label-

S

C24

C25

C26 C30

T1

C21

CAP
C22

C20

R- BT-

S2

Label
C23

C27 C31

T2

BV-

S1 CN-

M
C35

C36

CN- UP

C34 C37

C- BT-

S0

G- BV-

S1 IN-

M
C45

IN- UP

C44

C46

T4

Waste

C-

BT- S1

R- BT-

S0
CL-

M

C39 C40

CL- UP

C38 C42

T3

G- BT-

S0C41 C43

R- BT-

S1

R- PTA-

S0
RC-

M

C48 C49

RC- UP

C47 C52

T5

R- RS-

S0C50 C53

T6
Recycle Bottle

R- RS-

S0 C12C10

V- RS-

S1 C16

Mechanical Recycle

R- BT-

S0 C51

T8

Chemical Recycle

Recycle PTA

T7

C13

C14

Material Recycle

Recycle Resin

Energy

Information

Material

Manufacturing

Stock- In

Stock- Out

Transportation

Control

Energy 

Production
UseSource

p1

p2

p4

p3

u1

u2
u3

u6

u5

u4
u7

u9

u8

s4

s5
s3

s1
s2

CAPE-ModE is a proposed modeling and simulation environment with 

decision support for the synthesis and evaluation of future energy 

production/supply scenarios on the basis of lifecycle assessment, lifecycle 

costing, and risk management.



ESN for Interconnected Micro Energy Grids
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Interconnected Resilient MEG for Homes/Community
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LMG: Large MicrogridSystem
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Regional Gas-Power Grid Planning

1. Regional Zone 2. Sub-regional Zone 3. Extra-regional Zone
4. Cell 5. Interconnection 6. Interface

Region Cell Arrangement

http://www.cepa.com/wp-content/uploads/2011/06/oil-network-illustration.gif


Evaluation and Optimization of Interconnected Micro Energy Grids with Gas-
Power, CHP, and Renewable Technologies

Energy flow schematic of interconnected-MEGs system

Structure of network with two MEGs
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ÁCHP system with optimal prime mover, it is 
found that:
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as high as 13%
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Performance Optimization of CHP Systems with Co-Simulation and 
Intelligent Control Systems

Prime Movers 
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Å Base case: No CHP (Conventional system)
Å Case 2: OF1 (min. operational cost)
Å Case 3: OF2 (min. CO2 Emission)
Å Case 4: OF3 (min. NOx Emission)



Regional Gas-Power Grids

Case

Cost ($) Total CO2 

emissions 

(kg)

DGs generated energy
Electricity trade with the 

main grid

Heaters generated 

heat (MWh)
Rated DG size (kW)

Running Total
Electricity 

(MWh)

Heat 

(MWh)

Purchased 

(MWh)

Sold 

(MWh)
Boiler

Electrical 

heater
NGT H2FC

NGF

C

1 7.74Ĭ105 7.74Ĭ105 6.93Ĭ106 0 0 7032.90 0 11474.70 0 0 0 0

2 9.91Ĭ105 9.91Ĭ105 2.77Ĭ106 0 0 18507.60 0 0 11474.70 0 0 0

3
a 2.68Ĭ105 4.13Ĭ105 3.29Ĭ106 6966.12 8949.45 66.78 0 5320.32 0 1830.80 0.07 18

b 2.62Ĭ105 4.03Ĭ105 3.22Ĭ106 6956.15 8932.49 76.75 0 5331.90 0 1841.97 0 0.06

4 1.56Ĭ106 2.44Ĭ106 9.36Ĭ105 6858.20 8492.89 5758.4 0 0 5583.70 46.70 1728.24 0

5 3.93Ĭ105 5.61Ĭ105 1.18Ĭ106 7032.90 9023.27 5156.63 0 105.24 5156.63 1855.29 50.99 0

First mode ( Follow electrical load FEL)

Case

Cost ($) Total CO2 

emissions 

(kg)

DGs generated energy
Electricity trade with the 

main grid

Heaters generated 

heat (MWh)
Rated DG size (kW)

Running Total
Electricity 

(MWh)

Heat 

(MWh)

Purchased 

(MWh)

Sold 

(MWh)
Boiler

Electrica

l heater
NGT H2FC NGFC

1 7.74Ĭ105 7.74Ĭ105 6.93Ĭ106 0 0 7032.90 0 11474.70 0 0 0 0

2 9.91Ĭ105 9.91Ĭ105 2.77Ĭ106 0 0 18507.60 0 0 11474.70 0 0 0

3
a -0.0715 4.81Ĭ105 1.10Ĭ106 8901.33 11474.70 2172.40 4040.83 0 0 5088.72 43.42 215.59

b 5.49Ĭ104 3.19Ĭ105 1.43Ĭ106 7957.44 10234.01 2170.60 3095.14 1240.69 0 3404.17 0 12.05

4 1.66Ĭ106 4.44Ĭ106 3.05Ĭ105 9248.05 9967.5 2982.00 4338.05 648.10 859.10 8.53 5457.57 0

5 -1.87Ĭ104 3.46Ĭ105 7.61Ĭ105 8762.17 11276.26 2368.84 3899.67 0 198.44 4636.94 13.73 10.30

Second mode (Follow thermal load FTL)

Mode

Minimum cost solution Minimum emission solution Compromised solution

Total cost ($)
Total CO2 

emissions (kg)
Total cost ($)

Total CO2 

emissions (kg)
Total cost ($)

Total CO2 

emissions (kg)

FEL 4.03Ĭ105 3.22Ĭ106 2.44Ĭ106 9.36Ĭ105 5.61Ĭ105 1.18Ĭ106

FTL 3.19Ĭ105 1.43Ĭ106 4.44Ĭ106 3.05Ĭ105 3.46Ĭ105 7.61Ĭ105

Comparison between results for FEL and FTL modes of operation
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Planned power generation of DERs and 
exchanged power with the main grid for case 4

Planned heat generation of DERs and 
boilers for case 4
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Energy Conservation in Buildings
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Energy Conservation in Buildings Using Integrated Simulation
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Resilient Interconnected Micro Energy 
Grids for Sustainable Railways
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Resilient Interconnected Micro Energy 
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Resilient Interconnected Micro Energy 
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Utility Grid
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Flywheel-Based Fast 

Charging Station 

(FFCS )

Control System Design

Charging mode


