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Inverter Based Resources (IBRs) in Power Grid

❑ IBRs are gaining 

popularity

❑ The increasing of IBRs in 

grid effects the grid’s 

Inertia and Voltage 

Regulation

❑ Maintaining the grid 

stability is crucial

Inverter 

Based

PAST FUTURE

Generater 

Based
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Hybrid Power Systems Combining Grid-Following and Grid-Forming

PCC

Grid / 

Load

PCC

Grid

Grid-Following 

(Current Source)

Do not directly control 

voltage-frequency 

Cannot work without grid

Grid-Forming 

(Voltage Source) 

Do not directly control of 

current

Can work in islanded mode

1
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4

5

6 7 8

9
9 BUS

Multi sources

Complex model
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Grid-Following Inverter (GFLI)

❑ Cause instability in the grid with high 

impedance (weak grid)

❑ Only works in grid connected mode

❑ Do well with strong grid

❑ GFLI technique uses Phase-Locked Loop 

(PLL) for regulation

Phase-Locked Loop (PLL) 𝜃𝑃𝐿𝐿 =
1

𝑠
𝑘𝑝𝑃𝐿𝐿

+
𝑘𝑖𝑃𝐿𝐿

𝑠
(𝑢𝑃𝐶𝐶𝑞

−0) (1)

Active and Reactive power
𝑃 = 1.5 𝑢𝑃𝐶𝐶𝑑

𝑖𝑃𝐶𝐶𝑑
+ 𝑢𝑃𝐶𝑞𝑖𝑃𝐶𝐶𝑞

𝑄 = 1.5 −𝑢𝑃𝐶𝐶𝑑
𝑖𝑃𝐶𝐶𝑞

+ 𝑢𝑃𝐶𝑞𝑖𝑃𝐶𝐶𝑑

(2)

Table 1. GFLI Fomulas 

With 𝜃𝑃𝐿𝐿 is the grid angle, 𝑘𝑝𝑃𝐿𝐿
, 𝑘𝑖𝑃𝐿𝐿

 are the PLL gains 

PWM
Current 

control

Power

control

PCCInverter Filter PCC

Grid
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Grid-Forming Inverter (GFMI)

❑ Sets up the grid voltage magnitude and 

frequency

❑ Works in grid connected or islanded mode

❑ Can work with weak grid

❑ GFLI technique uses Virtual Synchronous 

Generator (VSG)

Power synchronization
𝐽

𝑑𝜔𝑉𝑆𝐺

𝑑𝑡
=

𝑃𝑟𝑒𝑓 − 𝑃

𝜔𝑉𝑆𝐺
− 𝐷 𝜔𝑉𝑆𝐺 − 𝜔𝑔

𝑑𝜃𝑉𝑆𝐺

𝑑𝑡
= 𝜔𝑉𝑆𝐺

(3)

Excitation Loop 𝐸𝑚 = 𝐸0 + 𝑘𝑞∫ (𝑘𝑢 𝑈𝑁 − 𝑢𝑃𝐶𝐶 + 𝑄𝑟𝑒𝑓 − 𝑄) (4)

Table 2. GFMI Fomulas 

With 𝜃𝑉𝑆𝐺 is the grid angle, 𝐽, 𝐷, 𝐸0, 𝑘𝑞 , 𝑘𝑢, 𝑈𝑛 are the gains and the coefficient of the algorithm   

PWM
Power

control

PCCInverter Filter PCC

Voltage

control

Grid / 

Load
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Single Machine Infinite Bus

❑ Each phase of the inverter isconnected 

with a filter; this filter can be L, LC, or LCL 

filters

❑ This model used the controlled voltage 

source connected to an inductor

Grid impedance
𝑢𝑃𝐶𝐶 − 𝑢𝑔

𝐿𝑔𝑠 + 𝑅𝑔
= 𝑖𝑃𝐶𝐶 (5)

PCC Voltage

𝑢𝑃𝐶𝐶

1

𝐿𝑖𝑛𝑣𝑠 + 𝑅𝑖𝑛𝑣
+

1

𝐿𝑔𝑠 + 𝑅𝑔

= 𝑢𝑖𝑛𝑣

1

𝐿𝑖𝑛𝑣𝑠 + 𝑅𝑖𝑛𝑣
+ 𝑢𝑔

1

𝐿𝑔𝑠 + 𝑅𝑔

(6)

Table 3. GFMI Fomulas 

With 𝐿𝑔, 𝑅𝑔, 𝐿𝑖𝑛𝑣 , 𝑅𝑖𝑛𝑣 is the line and source impedance

GFMI/

GFLI

PC

Grid

PCC
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Energetic Macroscopic Representation of Multiple Bus

PCC 
Voltage

𝑢𝑃𝐶𝐶

1

𝐿𝑚𝑛𝑠 + 𝑅𝑚𝑛
+

1

𝐿𝑛𝑠 + 𝑅𝑛

= 𝑢𝐵𝑈𝑆𝑚

1

𝐿𝑛𝑠 + 𝑅𝑛
+ 𝑢𝑔𝑛

1

𝐿𝑛𝑠 + 𝑅𝑛

(7)

BUS 
Voltage

𝑢𝐵𝑈𝑆

1

𝐿𝑖𝑠 + 𝑅𝑖
+

1

𝐿𝑗𝑠 + 𝑅𝑗
+

1

𝐿𝑘𝑠 + 𝑅𝑘

=

𝑢𝑖

1

𝐿𝑖𝑠 + 𝑅𝑖
+ 𝑢𝑗

1

𝐿𝑗𝑠 + 𝑅𝑗
+ 𝑢𝑘

1

𝐿𝑘𝑠 + 𝑅𝑘

(8)

Load 
voltage

𝑢𝑃𝐶𝐶

𝐿𝑙𝑜𝑎𝑑𝑠 + 𝑅𝑙𝑜𝑎𝑑
= 𝑖𝑙𝑜𝑎𝑑 (9)

Table 4. IEEE 9 Bus Fomulas 

1

23

4

5

6 7 8

9

With 𝐿𝑥 , 𝑅𝑥 is the line, load and source impedance

❑ Source 1: Grid Forming Inverter

❑ Source 2: Synchronous generator

❑ Source 3: Grid Following inverter

❑ BUS 4,5,6,7,8,9

❑ PCC BUS 1,2,3

S3

S1

S2
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Energetic Macroscopic Representation of Multiple Bus

GFLI

SG

PC

GFMI

PC

PCC1

PCC2

PCC3

BUS4

BUS8

BUS6

BUS9

BUS7

BUS5

Line41

Line54

Line65 Line36

Line67

Line78

Line1

Line2 Line28

Load9

Load5

Load7

Line94

Line89

Line3
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Simulation scenarios

Table 5. Simulation parameters ❑ Simulation parameters: Table 5

❑ Simulation scenarios: SMIB and Multi Bus

❑ SMIB

❑ Scenarios 1: GFLI 

❑ Scenarios 2: GFMI

❑ Initial active power 8MW, then 12MW, 20MW, 

24MW after each 10s. 

❑ Thus the Short Circuit Ratio (SCR) change from 

5.48 to 1.83

❑  IEEE 9BUS: References: 2MW for GFLI and 3MW 

for GFMI, then change at 10s. 
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Simulation results

Time(s)

5              10             15             20             25             30             35           40

SCR = 5.48 SCR = 3.65 SCR = 2.19 SCR = 1.83

Time(s)

5              10             15             20             25             30             35           40

SCR = 5.48 SCR = 3.65 SCR = 2.19 SCR = 1.83

❑ GFMI performs well at low SCR while the GFLI becomes unstable when the grid is weak
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Simulation results

Time(s)

5              10             15             20             25             30             35           40

SCR = 5.48 SCR = 3.65 SCR = 2.19 SCR = 1.83

Time(s)

5              10             15             20             25             30             35           40

SCR = 5.48 SCR = 3.65 SCR = 2.19 SCR = 1.83

❑ GFLI voltages and currents vary higher than GFMI
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Simulation results

Time(s)

5              10             15             20             25             30             35           40

SCR = 5.48 SCR = 3.65 SCR = 2.19 SCR = 1.83

Time(s)

5              10             15             20             25             30             35           40

SCR = 5.48 SCR = 3.65 SCR = 2.19 SCR = 1.83

❑ GFLI frequency varies larger than that of GFMI, which exceeds the range -10% to +10% of 50Hz
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Simulation results

❑ Frequency response value varies inthe range of 45 to 55 Hz, which is about -10% and +10%.
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Conclusions and perspectives
 

CONCLUSION

❑ Grid forming and following inverter control schemes are investigated 

❑ Studied with both the SMIB and multi-bus models

❑ The simulation shows that the EMR method perfoms well

FUTURE WORK

❑ Grid forming and following inverter control schemes in fault scenarios

❑ Studied with more bus model

❑ Optimal control for fault scenarios
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