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Overall Microgrid Design Procedure
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FINAL 
CONFIGURATION 

AND DESIGN !
Microgrid Design based on 
Techno-Economic Analysis
 DER Mix 
 DER Optimal Sizing
 Economic Dispatch
 Financial feasibility

Data Preparation
 Environmental and 

energy data
 Financial data
Power system 

technical data

Microgrid Power System Analysis 
(Steady-state and dynamics)

 Load flow
 Faults
 Abnormal conditions
 Voltage stability
 Frequency stability

Iterative correction

Power system analysis example



Microgrid Design Based on Techno-Economic Analysis 
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 S/W Tool: HOMER and MATLAB

Input data

Load profileWeather 
resources

Components 
technical 
parameters

Project costs

Outputs and analysis

Project finance Incentives

Sizing analysis
Optimal size of DER
Lifecycle cost
LCOE
Cost breakdown

Energy analysis
Energy production
Capacity factor
Efficiency and lifetime
Emissions reduction

Financial analysis
Payback period
Net present value
Internal rate of return
Benefit-to-cost ratio
Annual lifecycle saving

Uncertainty analysis
Scenario analysis
Sensitivity analysis

Economic model (cash flow for the analysis period, typically 25 or 30 years)

Performance model (1 year simulation)

PV(i)
WT(i)
ESS(i)
DG(i)
Converter(i)

PV(i)
WT(i)
ESS(i)
DG(i)
Converter(i)

Feasibility test
 LPSP
 LOLP
 CSF

Simulation
for t = 1:8760
     Dispatch
end 

Generating 
configurations
(Search space)

PV(i)
WT(i)
ESS(i)
DG(i)
Converter(i)

Cash flow
for n = 1:N
     Cash flows
end

Evaluation metrics
1. Economic (NPC, COE)
2. Environmental (REP, EMR)
3. Reliability (LPSP,LOLP, CSF)

Sort configurations 
based on 
evaluation metric

Outputs and 
Analysis

Evaluation of local 
conditions

System 
configuration

Model development

Sizing of system 
components

System analysis



GEN #1
CAT3516

GEN #4
CAT3516

GEN #3
CAT3516

GEN #6
C175-16

GEN #7
C175-16

GEN #2
CAT3502

GEN #5
CAT3516

B-GEN-480V

2.5MVA MTR2
480/4160V

YN

Δ 

YN

Δ 

2.5MVA MTR1
480/4160V

North Feeder

South Feeder

Short Feeder

Russel Feeder

B-RS3 B-RS2 B-RS1

B-MTR1B-MTR2

B-SP-N1

B-SP-N2
B-SP-N3

B-SP-N4
B-SP-N5

B-SP-N6

B-SP-S1 B-SP-S2 B-SP-S3 B-SP-S4

B-SP-S5

200

126

170
200

30 6040

308

44

22 22

22 22 22 88

22
156

18

9 30

90

36

45

9

27

269

169

69

9

22

45 36 9

18

36

CC C C

C

C

O

C

C

O

C

C

C O

L-
ST

R
EE

T 
9

(Power Company)

L-
ST

R
EE

T 
2

4

L-
ST

R
EE

T 
1

5

(Ronald 
Seafood 1)

(Ronald 
Seafood 2)

(The Wells 
Food Fair and 

others)

C

L-MAIN-1L-MAIN-2

C C

SW-SP-
N6SW-SP-N5

SW-SP-S5

SW-SP-N1

SW-SP-
N2

SW-SP-
N2a

SW-SP-N3
SW-SP-

N4a

SW-SP-
N4b

SW-SP-
N4c

SW-SP-
S1

SW-SP-
S2

SP-S-
SW2a

SW-SP-
S3

SW-SP-
S4

SW-RS1SW-RS2

L-
SP

-N
0

1

L-
SP

-S
0

1

L-RS01L-RS02

L-RS23

L-
SP

-N
1

2

L-SP-N23 L-SP-N34 L-SP-N45 L-SP-N56

L-SP-S12 L-SP-S23 L-SP-S34

TRANSFORMER 
TRIP

FEEDER 
TRIP

Power System Design and Analysis
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System modeling
 Single-line diagram
 Sizing of PVs, ESSs, Diesel generators
 Possible installing locations of PVs, ESSs
 Controllers for ESSs, Diesel generators
 Possible grid expansion

System analysis
 Normal operating conditions: power, voltage, frequency
 Abnormal operating conditions: faults, severe load 

variations, machine-trip events, black start
 Voltage stability under different dynamic conditions
 Frequency stability under different dynamic conditions

Final 
Configuration!

 S/W Tool: Power Factory, PSCAD, MATLAB/Simulink
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Example: Microgrid Operation Data 
Daily power generation/consumption data analysis

 Peak loads typically occur between 18:00pm and 22:00pm.

System operator’s notes

Generation and Load data
(Diesel, PV and load)

Monitoring / State Estimation

Automatic Generation Control

Load forecast RES forecast

PCS 1 
(CVCf control)

Wind turbines 
(MPPT or P/Q control)

PV systems 
(MPPT or P/Q control)

Controllable loads
(heater/cooler, 

water pumps, etc)

Critical loads
(fish farms, police station, 

school, etc)

Diesel 2 (speed 
droop with LFC)

Diesel 1 (speed 
droop with LFC)

Lithium-ion 
BESS

Energy Management System (EMS)

PCS 2 - backup
(P/Q control)

Control System
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Example: Power System Data
Including Diesel Generators, PV, ESS and Inverters

PV Panel and Inverter Diesel Gensets

Distribution Lines

Distribution System



Design Portfolio

7

 Stand-alone Microgrid in South Korea

 Gasa, Geocha, and Ulleung Islands
 Power system modeling and simulation study using MATLAB/Simulink

 Campus Microgrid Design

 Seoul National University, University Campuses in California
 Economic analysis considering incentives and regulations
 Optimal energy mix for different REP(Renewable Energy Penetration) levels

 Remote Microgrid in Pacific and Caribbean Ocean, and South America

 Remote microgrids in Palau, Bahamas, and Bolivia
 Microgrid design and power system analysis




