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Introduction 

• What is a Microgrid? 

 

• Influencing factors leading  for formation of hybrid microgrids 

 

 



HYBRID MICROGRID 

Example Hybrid AC-DC Microgrid 



Droop Control Technique for Power Sharing  

Droop equations used in case of 
conventional AC and DC sources 

Perunitised Droop equations used for 
AC - DC hybrid microgrids 

𝑓𝑓𝑥𝑥∗ = 𝑓𝑓𝑓𝑥𝑥 + 𝑚𝑚𝑥𝑥𝑃𝑃𝑥𝑥 

𝑉𝑉𝑥𝑥∗ = 𝑉𝑉𝑉𝑥𝑥 + 𝑛𝑛𝑥𝑥𝑄𝑄𝑥𝑥 

𝑉𝑉𝑑𝑑, 𝑦𝑦
∗ = 𝑉𝑉𝑉𝑑𝑑,𝑦𝑦 + 𝑣𝑣𝑥𝑥𝑃𝑃𝑥𝑥 

𝑓𝑓𝑝𝑝𝑝𝑝 =
𝑓𝑓 − 0.5(𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚)

0.5(𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚)
 

𝑉𝑉𝑝𝑝𝑝𝑝 =
𝑉𝑉 − 0.5(𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚)

0.5(𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚)
 

AC 

DC 



Simulated Hybrid Microgrid 



IC connected to AC subgrid SLD of IC connected to AC subgrid 

 

𝑉𝑉𝑠𝑠𝑠 = 𝑉𝑉𝑖𝑖𝑖 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+  𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠                                                           (1) 

𝑉𝑉𝑠𝑠2 = 𝑉𝑉𝑖𝑖2 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠2
𝑑𝑑𝑑𝑑

+  𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠2                                                           (2) 

𝑉𝑉𝑠𝑠3 = 𝑉𝑉𝑖𝑖3 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠3
𝑑𝑑𝑑𝑑

+  𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠3                                                             (3) 

 

𝑉𝑉𝑠𝑠𝑑𝑑 = 𝑉𝑉𝑖𝑖𝑑𝑑 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑑𝑑
𝑑𝑑𝑑𝑑

− 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑑𝑑    (4) 

𝑉𝑉𝑠𝑠𝑞𝑞 = 𝑉𝑉𝑖𝑖𝑞𝑞 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑞𝑞
𝑑𝑑𝑑𝑑

− 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑑𝑑 +  𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑞𝑞    (5) 

 

 

 

 

                                   

 

Vector Control Technique for Control of IC 
Considering Lossless line 

Applying KVL 

Transformation of abc to dqo  



𝑝𝑝 =
2
3
𝑉𝑉𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑉𝑉𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  

𝑞𝑞 =
2
3

 𝑉𝑉𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  −  𝑉𝑉𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  

𝑝𝑝 =
2
3
𝑉𝑉𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  

𝑞𝑞 =
2
3
𝑉𝑉𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  

Now eqns. (4) and (5) become 

0 = 𝑉𝑉𝑖𝑖𝑖𝑖 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

− 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠   

𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑉𝑉𝑖𝑖𝑖𝑖 + 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+ 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  

 

𝑉𝑉𝑖𝑖𝑖𝑖 = −(𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

− 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 )  

𝑉𝑉𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑠𝑠𝑠𝑠 − (𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+ 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 ) 

 

𝑉𝑉𝑖𝑖𝑖𝑖  = Ginv.𝑉𝑉𝑖𝑖𝑖𝑖∗  

𝑉𝑉𝑖𝑖𝑖𝑖  = Ginv.𝑉𝑉𝑖𝑖𝑖𝑖∗  

 

Real and Reactive power computation 

Consider Vsd = 0;  



 𝑉𝑉𝑖𝑖𝑖𝑖 = − 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

− 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  

⇒ 𝑉𝑉𝑖𝑖𝑖𝑖= 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 −(𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠)  

⇒ 𝑉𝑉𝑖𝑖𝑖𝑖= 𝐺𝐺 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑 − 𝑉𝑉𝑖𝑖𝑖𝑖′′ ,  
 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐺𝐺𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑 =  𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  𝑎𝑎𝑎𝑎𝑎𝑎 𝐺𝐺𝑉𝑉𝑖𝑖𝑖𝑖′′ = 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 

⇒  𝐺𝐺. 𝑉𝑉𝑖𝑖𝑖𝑖∗  = 𝐺𝐺(𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑 − 𝑉𝑉𝑖𝑖𝑖𝑖′′) 
 
 

 ⇒ 𝑽𝑽𝒊𝒊𝒊𝒊∗ =   𝑽𝑽𝒅𝒅𝒅𝒅𝒅𝒅 − 𝑽𝑽𝒊𝒊𝒊𝒊′′  
 

𝑎𝑎𝑎𝑎𝑎𝑎,   𝑉𝑉𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑠𝑠𝑠𝑠 − (𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+ 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 )  
𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ,   

 

 
 𝑽𝑽𝒊𝒊𝒊𝒊∗ =   𝑽𝑽𝒒𝒒𝒒𝒒𝒒𝒒 − 𝑽𝑽𝒊𝒊𝒊𝒊′′  

 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐺𝐺𝑉𝑉𝑞𝑞𝑞𝑞𝑞𝑞 =  𝑉𝑉𝑠𝑠𝑠𝑠 − 𝑤𝑤𝑠𝑠𝐿𝐿𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠  𝑎𝑎𝑎𝑎𝑎𝑎 𝐺𝐺𝑉𝑉𝑖𝑖𝑖𝑖′′ = 𝐿𝐿𝑠𝑠
𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠 

𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑  and 𝑉𝑉𝑞𝑞𝑞𝑞𝑞𝑞  are feed forward terms 
 



Control block of IC 



System Specifications 

Parameters Values 

fmin 49Hz 

fmax 51Hz 

Vmax 615V 

Vmin 595V 

L 5mH 

R 0.002 Ohm 

C (IC) 6.75mF 



Case Studies 

• Case1: DC Load = 5kW, AC Load = 0 

• Case2: DC Load =10kW, AC Load = 0 

 



Simulation  Results - Case1 

Frequency of AC bus and Voltage of DC bus for Case1: DC Load = 5kW, AC Load = 0 

Power supplied by AC and DC subgrids for Case1: DC Load = 5kW, AC Load = 0 
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Frequency of AC bus and Voltage of DC bus for Case2: DC Load = 10kW, AC Load = 0 
 

Power supplied by AC and DC subgrids for Case2: DC Load = 10kW, AC Load = 0 
 

0 1 2 3 4 5 6 7 8 9 1047

47.5

48

48.5

49

49.5

50

50.5

51

Time(s)

f(
H

z)

3 4 5 6 7 8 9 10580

585

590

595

600

605

610

Time(s)

V
(V

ol
ts

)

0 1 2 3 4 5 6 7 8 9 10-5000

0

5000

10000

15000

Time(s)

P
ac

(W
)

0 1 2 3 4 5 6 7 8 9 10-5000

0

5000

10000

15000

Time(s)

P
dc

(W
)

Simulation  Results – Case2 



Conclusions 

• IC is controlled using vector control technique 

• Controlled power sharing within the hybrid microgrid is obtained using droop 
control technique ensuring proportional power sharing 
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