
Session 3
Losses from increased level of RE - 11 kV PF case study



Homework
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33 kV

11 kV

hh = Household



Excercise

• Template 
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Consumption:
Feeder A: 13 MWh/hh/year
Feeder B: 7 MWh/hh/year
Feeder C: 7 MWh/hh/year
PV size:
Feeder A: ~ 14kW
Feeder B: ~ 8 kW 
Feeder C: ~ 8 kW

Feeder A

Feeder B

Feeder C



Case Study- PF SSEG

• 11 kV grid with three feeders, A, B and C and 4510 attached households
• The 11 kV grid is connected to single feeding source,  a 33 kV distribution grid. Here 

named “External Grid”(top-down) (slack) 
• Let’s study some cases and see how the loss pattern changes with SSEG
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Assumptions:
??
??



Case Study- PF SSEG
• 11 kV grid with three feeders, A, B and C and 4510 attached households
• The 11 kV grid is connected to single feeding source,  a 33 kV distribution grid. Here named 

“External Grid”(top-down) (slack) 
• Let’s study some cases and see how the loss pattern changes with SSEG
• Assumptions and questions:
• Voltage will increase locally
• Consumption close to the production – reduced distribution
•  Reduced system losses
• Increased share of SSEG – exceeding production compared to consumption
• More distribution throughout the grid
•  increased losses
• But where is the breaking point? 
• What solutions can be used to enable more SSEG?
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Case 1 – External Grid keeps active power 
balance
• External Grid keeps active power balance (slack)
• The house hold loads are at their highest
• No SSEG connected

• This case represents the base case, no SSEG and high load is the 
“worst” operating case for the power grid during these conditions.
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•
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Case 1 – External Grid keeps active power 
balance
• External Grid keeps active power balance (slack)
• The house hold loads are at their highest
• No SSEG connected

• This case represents the base case, no SSEG and high load is the 
“worst” operating case for the power grid during these conditions.

• Grid losses: 0.32MW 
• Voltages decreasing due to high consumption from hh
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Case 1 – External Grid keeps active power 
balance
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Case 1 – External Grid keeps active power 
balance
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Different share of SSEG connected to the grid

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• X% SSEG connected
• This case represents the “worst” operating case when SSEG is 

connected. Sunny day with low load in the grid maximum feed in 
to the power grid.

• All SSEG sources are contributing to the production of reactive power 
(inductive, pf=0.9)
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Case 2 – 10% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 10% SSEG connected
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Case 2 – 10% of the hh install SSEG
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Case 2 – 10% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 10% SSEG connected

• Grid losses: 0.01MW
• Voltages slightly increasing due to production and consumption 

locally, less power distributed throughout the grid 
• Changed power flow – bottom up
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Case 2 – 10% of the hh install SSEG
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Case 3 – 50% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 50% SSEG connected
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Case 3 – 50% of the hh install SSEG
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Case 3 – 50% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 50% SSEG connected

• Grid losses: 0.82MW
• Voltages increasing and in some cases exceeding the limits of +5% 

due to production exceeding consumption 
• Changed power flow – bottom up
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Case 4 – 100% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 100% SSEG connected
• This case is the worst operating case when all hh has SSEG and is at 

low load
50% share of SEEG showed that the voltages increased above limits 

and de losses increased as well, what will happened now? 
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Case 4 – 100% of the hh install SSEG
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Case 4 – 100% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 100% SSEG connected

• Grid losses: 3.28MW
• Voltages increasing and at all busses exceeding the limits of +5% due 

to production exceeding consumption 
• Changed power flow – bottom up
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Break even

• How do we find the tipping point? 
• 10% SSEG was ok, 50 % SSEG lead to exceeding the voltage increase 

limits and higher grid losses.
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Case 5 – 25% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 25% SSEG connected
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Case 5 – 25% of the hh install SSEG
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Case 5 – 25% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 25% SSEG connected

• Grid losses: 0.17MW
• Voltages increasing at all busses but within limits 
• Changed power flow – bottom up
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Break even

• Can we go even further?
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Case 6 – 35% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected
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Case 6 – 35% of the hh install SSEG
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Case 6 – 35% of the hh install SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected

• Grid losses: 0.38MW
• Voltages increasing at all busses but within limits 
• Changed power flow – bottom up
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Conclusion

35

Grid losses [MW] Exceeding voltage limits?

Case 1 - 0 % SSEG 0.32 no

Case 2 - 10 % SSEG 0.01 no

Case 3 - 50 % SSEG 0.82 some busses

Case 4 - 100 % SSEG 3.28 all busses

Case 5 - 25 % SSEG 0.17 no

Case 6 - 35 % SSEG 0.38 no



More SSEG?

• What can be done to accommodate 35 % SSEG?
• How will different solutions affect the grid losses? 
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Case 7 – 35% of the hh install SSEG, reactors 

• The power grid company installs Shunt reactors at the end of Feeder 
A, B and C

• The reactors should reduce the voltage at the end busses in Feeder A, 
B and C

• Can these reactors push the tipping point for allowed share of SSEG in 
this grid to extend to 35%?

• What will happen to the grid losses?
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Before adding reactors



Case 7 – 35% of the hh install SSEG, reactors
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Case 7 – 35% of the hh install SSEG, reactors

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected
• Reactors are added at the end of Feeder A, B and C

• Grid losses: 0.34MW
• Voltages decreasing thanks to reactors
• Changed power flow – bottom up
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Case 8 – 35% of the hh install SSEG, cap. SSEG

• The Shunt reactors are set out of service for all the feeders
• Instead the power factor of the PV inverters are changed to 0.9 

capacitive
• This gives that the PV-sources now are consuming reactive power
• What will happen to the grid losses?
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Case 8 – 35% of the hh install SSEG, cap. SSEG
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Case 8 – 35% of the hh install SSEG, cap. SSEG

• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected
• PV-sources 0.9 capacitive

• Grid losses: 0.46MW
• Voltages increasing at all busses but within limits 
• Changed power flow – bottom up
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Case 9 – 35% of the hh install SSEG, cap. SSEG 
and reactor at MV bus
• The SSEG systems are still capacitive
• A shunt reactor at the MV bus is added
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Case 9 – 35% of the hh install SSEG, cap. SSEG 
and reactor at MV bus



Case 9 – 35% of the hh install SSEG, cap. SSEG 
and reactor at MV bus
• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected

• Grid losses: 0.47MW
• Voltages decreasing, within limits 
• Changed power flow – bottom up
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Case 10 – 35% of the hh install SSEG, ind. 
SSEG and reactor at MV bus
• The SSEG systems are inductive (default)
• A shunt reactor at the MV bus is added
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Case 10 – 35% of the hh install SSEG, ind. 
SSEG and reactor at MV bus



Case 10 – 35% of the hh install SSEG, ind. 
SSEG and reactor at MV bus
• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected

• Grid losses: 0.38MW
• Reduced voltage at some busses
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Case 11 – 35% of the hh install SSEG, cap. and 
ind. SSEG
• Every second SSEG systems is capacitive
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Case 11 – 35% of the hh install SSEG, cap. and 
ind. SSEG



Case 11 – 35% of the hh install SSEG, cap. and 
ind. SSEG
• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected

• Grid losses: 0.32MW
• Voltages within limits 
• Changed power flow – bottom up
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Case 12 – 35% of the hh install SSEG, cap. and 
ind. SSEG and reactor at MV bus
• Every second SSEG systems is capacitive
• A shunt reactor at the MV bus is added
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Case 12 – 35% of the hh install SSEG, cap. and 
ind. SSEG and reactor at MV bus



Case 12 – 35% of the hh install SSEG, cap. and 
ind. SSEG and reactor at MV bus
• External Grid keeps active power balance (slack)
• The house hold loads are at their lowest
• 35% SSEG connected

• Grid losses: 0.32MW
• Voltages are decreased – more slack
• Changed power flow – bottom up
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Conclusion
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Grid losses [MW] Exceeding voltage limits?

Case 1 - 0 % SSEG 0.32 no
Case 7 - 35 % SSEG, 

reactors at end of  feeders 0.34 no
Case 8 - 35 % SSEG, 

cap. SSEG 0.46 no
Case 9 - 35 % SSEG, 

cap SSEG & Reactor at main bus 0.47 no
Case 10 - 35 % SSEG, 
reactor at main bus 0.38 no
Case 11 - 35 % SSEG, 

cap. and ind. SSEG 0.32 no
Case 12 - 35 % SSEG, 

cap. and ind. SSEG & Reactor at main bus 0.32 no



Homework
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33 kV

11 kV

hh = Household


