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Policy Driver 
¡  President Obama proposed the adoption of a 

CES in his January 2011 State of the Union 
address 

¡ A clean energy standard (CES) is one policy 
option for spurring the deployment of clean 
energy technology and reducing greenhouse 
gas emissions from the electric power sector.  



Environmental Driver 

¡  https://upload.wikimedia.org/wikipedia/
commons/8/85/
Electricity_Transmission_Line_through_Griffin_Fores
t_-_geograph.org.uk_-_1009342.jpg 



Objective 
¡  Find the optimal location to place the microgrid 

in the transmission network 

¡ Create the right microgrid import&export price 
signals to alleviate transmission congestion 



Model: Microgrid 
¡  3 diesel generators 

¡ One solar farm 

¡ Non-dispatchable and dispatchable load 

¡  1 storage unit 

¡  Energy import/export capability 



Microgrid 
¡ Objective: min(gen cost + battery cost + import 

cost – export income – dispatchable load utility) 

¡  Subject to: generator constraints 

                       storage constraints 

                       dispatchable load constraints 

                       power balance constraints 



Model: Transmission network 
¡  IEEE 30 Bus System 

¡  30 nodes 

¡  41 transmission lines 

¡  6 Generators 

¡  21 Loads 

¡ A Microgrid connected to a bus 



Transmission network 
¡ Objective: min(gen variable cost + gen fixed cost 

+ startup cost) 

¡  Subject to: generator constraints 

                       power flow constraints 

                       reserve constraints 

                       power balance constraints 



Methodology-Overview 
Run transmission network model 
to get the congestion and LMP 

information 

Set the location and export/
import price for the MG 

Run the MG model to generate 
the export/import schedule 

Feed the export/import schedule 
to the transmission network at 
the chosen bus and rerun it 



Methodology-Location 
¡  Run main network and generate all the bus 

locational marginal price(LMP) 

¡  Place the MG at the highest LMP bus 

              

               LMP=Costenergy+Costcongestion+Costloss 



Methodology-Price 
¡ Generate LMPs at different export/import levels 

at the highest LMP bus 

¡  Set the aggregated cost as the cost function for 
microgrid import 

¡  Set the export cost function as 80% of the import 
cost function 

 



Methodology-Price 
¡  The resulting export/import functions are 

piecewise linear functions 



Results 
¡ No congestion in the main network: highest 

LMP bus is bus 8 

 

¡ Congestion in the main network: highest LMP 
bus is bus 8 



Results 
¡ Monte Carlo simulation on 31 solar scenarios 



Results 
¡ Compare PWL pricing scheme with two other schemes 

1.  FLMP: use the fixed LMP in the case of congestion which is the 
first row in Tab.(2) as the import price and 80% of that as the 
export price.  

2.  HLMP: use the maximum LMP value in the same row of LMP for 
all the periods as the import price and 80% of that as the 
export price.  

 



Transmission Relief 



Conclusion 
¡  The interaction between the microgrid and the 

transmission system has very intricate behavior 

¡  Placing the microgrid at the right bus using the 
right pricing scheme could help with 
transmission congestion. 

¡  It is worthwhile to study other aspects of this 
interaction to bring out more benefits from the 
microgrid  



Thanks for your attention! 


