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Project Objectives 
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The overarching project objective was to develop models and 
methods for integration and impact analysis of transformer-less 
UPFC developed at MSU 

‣ Develop UPFC model for power flow and OPF studies 

‣ Perform cost-benefit analyses of transformer-less UPFC 

‣ Determine optimal placement and parameter selection for 
transformer-less UPFC 

‣ Determine the benefit of transformer-less UPFC at the location 
selected by utility or RTO 

‣ Impact of real-time dispatch of UPFC to optimize system-wide 
power flows 



Linearized Power Flow and OPF Models 
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‣ Traditional linearized models use DC power flow, which only 
provides information of real power flow and voltage angle 
values. 

‣ Reactive power flow control and bus voltage regulation are 
important benefits that UPFC can provide; hence it was 
necessary to extend traditional  DCOPF framework to 
accommodate reactive power injections and flows. 

‣ The extended OPF framework incorporating reactive power 
flow and voltage magnitude also provides us a means to 
determine the optimal capacity of both series converter and 
parallel converter. 



Linearized AC Power Flow Model Summary 

4 

'

'

P B G

Q G B V

     
     

      

11 11 12 1

21 22 22 2

1 2

...

...
'

... ... ... ...

...

N

N

N N NN NN

B b B B

B B b B
B

B B B b

 
 


 
 
 

 

11 11 12 1

21 22 22 2

1 2

...

...
'

... ... ... ...

...

N

N

N N NN NN

G g G G

G G g G
G

G G G g

 
 


 
 
 

 

11 12 1

21 22 2

1 2

...

...

... ... ... ...

...

N

N

N N NN

G G G

G G G
G

G G G

 
 
 
 
 
 

11 12 1

21 22 2

1 2

...

...

... ... ... ...

...

N

N

N N NN

B B B

B B B
B

B B B

 
 
 
 
 
 



Power Flow Model of Transformer-less UPFC 
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Configuration of transformer-less UPFC. 

Equivalent circuit of  transformer-less UPFC.  
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Phasor diagram of transformer-
less UPFC. 
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Linearization of Transformer-less UPFC Constraints 
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Linearized model of injected 
power: 

Piece-wise linearization using six segments: 

 

max maxS sp SV V V  

max max2 3 2S sp sq SV V V V   

max max2 3 2S sp sq SV V V V   

i ij spP B V

( )i j i ij ij sqQ V V B B V  

j ij spP B V 

j ij sqQ B V 

Capacity of series converter: max

maxseries S srS V I

Vsq

Vsp

0
60° Vsmax

cossq S SV V 

sinsp S SV V 



Test Systems and Data 
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‣ Initial testing and benchmarking of OPF model was performed with IEEE test 
cases: 30-bus, 57-bus, 118-bus and 300-bus 

‣ Large-scale testing performed on  

– FERC data set (PJM system) — completed 

– MISO system data — in progress  

‣ Challenges with large system data 

– Most of the network data came in the form of PSS/E input files (.raw 
files) 

– Hourly load data was generated by aligning load in .raw file with load 
shape files 

– Network data in .raw files had numerous issues such as connectivity, 
line limits, etc. that needed “cleaning up”  

– No data was available for reactive loads or generator reactive power 
limits 



Data Preparation and Model Assumptions 
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‣ Hourly load data was obtained from 

http://www.pjm.com/markets-and-operations/energy/real-
time/loadhryr.aspx 

‣ Load power factor were assumed to be 90%.  

‣ Voltage magnitude limits (at bulk power buses) were set at 10% 
around nominal values.   

‣ Shunt capacitors were assumed to be continuously dispatchable. 

‣ Candidate locations for deployment of the transformer-less 
UPFC were selected by examining the shadow prices of 
transmission line constraints for major lines, prior to deploying 
UPFC. Cases with subsequent deployment were also examined 
to determine marginal benefits.  

http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx
http://www.pjm.com/markets-and-operations/energy/real-time/loadhryr.aspx


Sample Results: Congestion Reduction 
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UPFC location:  a 115 kV line from East Towanda to South Troy (PA) 
(maximum benefit case)  
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Sample Results: Hourly Dispatch of UPFC 
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Sample Results: Reduction of Loop Flows 
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Hourly flows across PJM-ECAR interface (before and after UPFC deployment) 
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Sample Results: Increase of Wind Power Injection  
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Hourly wind power injection from 800 MW (8 pu) wind farm (before and after 
UPFC deployment);  average hourly intake increased by 37 MW, which is  4.63% 

of nameplate capacity; total annual energy intake increased by 324 GWh. 
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Concluding Remarks 
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‣ Linearized model for AC optimal power flow was developed and 
benchmarked. Inclusion of loss compensation resulted in very high 
accuracy (<0.15% error in total cost for IEEE 300-bus case). 

‣ Linearized model was developed for UPFC operation.  

‣ Large-scale test cases were used for several studies: 
– Cost savings through congestion reduction; 
– Hourly dispatch for power flow control; 
– Reduction of loop flows; 
– Increase of wind power injection. 

‣ Absence of large benchmark systems is still a challenge. Data sets 
large systems require considerable work.  

‣Work on developing business cases for transformer-less UPFC is 
ongoing. 
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