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Case study – PF Nine bus System

• Three generators (DVG) distributed in a sub-transmission network
• G1 keeps active power balance (“slack” or “reference machine”)
• G2 and G3 at fixed active power outputs (163 MW resp. 85 MW)

• “External grid” represents an overlaying transmission level that 
previously provided all power to this system alone (top-down)

• Let’s study some cases and see how the loss pattern changes with 
DVG
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Case 1 – G1 keeps active power balance

• G1 keeps active power balance (slack)
• G2 and G3 at fixed active power outputs
• External grid disconnected 

• Grid Losses 4,78 MW
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Grid Losses 4,78 MW



Case 2 – G1 keeps active power balance –
with external grid connected 
• G1 keeps active power balance (slack)
• G2 and G3 at fixed active power outputs
• External grid connected 

• external grid contributes with some Mvar only 
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Grid Losses 5,04 MW



Case 3 – External grid keeps active power 
balance 
• G1 dispatched to fixed active power output 71,6 MW (previous slack)
• G2 and G3 at fixed active power outputs
• External grid keeps active power balance (new slack)

• external grid contributes with MW and Mvar
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Grid Losses 5,62 MW
slightly more impedance between generation source and 
loads as G1 is limited in its generation



Case 4 – External grid keeps active power balance 
– disconnected distributed generation 
• G1 disconnected (previous slack)
• G2 and G3 at fixed active power outputs
• External grid keeps active power balance (new slack)
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Grid Losses 13,11 MW 
more impedance between generation source and loads
low voltage levels at the furthest bus



Case 5 – External grid keeps active power balance 
– more disconnected distributed generation 
• G1 disconnected (previous slack)
• G3 disconnected
• G2 at fixed active power output
• External grid keeps active power balance (new slack)
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Grid Losses 16,71 MW 
even more impedance between generation source and loads
low voltage levels at the furthest bus



Case 2x – G1 keeps active power balance –
reaches ceiling – with external grid connected  
• G1 keeps active power balance (slack) – with increasing system load 

(+150 MW) and reaches its ceiling (100 MW)
• G2 and G3 at fixed active power outputs
• External grid connected

• external grid takes over as slack
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Grid Losses 23,57 MW
Losses not directly comparable as the load is higher than 
other presented cases



Case 2xx – aggregated production > max load 
in sub-transmission system  
• Traditional top-down system changed – change in net active power 

flow direction – aggregated production > max load

• G1 with increasing generation (+150 MW compared Case 2) – without 
any ceiling in this case

• G2 and G3 at fixed active power outputs
• External grid connected

• external grid is fed with 150 MW
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Grid Losses 4,68 MW
Lower loading on the longer (high impedance) lines
G2’s generation goes straight out into the external grid from its busbar



Case study – PF Nine bus System

• Conclusions
• DVG generally decreases the losses locally in a sub-transmission system as 

there is production closer to the loads
• Less impedance between generation source and loads

• DVG with aggregated production > max load might result in even lower losses 
in the sub-transmission network

• But the impact at transmission level depends on the resulting generation situation there
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