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Presenter
Presentation Notes
In our paper we  made  combined algebraic and power flow model of a microgrid. Our focus was to combine the power flow calculations tools with the optimization tools. In our case the optimization of baterry demant and response managenet or in another words optimizing the usage of the the single nd distributed baterry in our model.



Model



Radial network 0.48kV
• 5 loads 
• 5 photovoltaic generators 

and inverters 
• 5 power lines (cable)

Steady state calculation
• 1 hour interval 
• 1 week total
• OPEN DSS software
• Gams optimalization
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Presentation Notes
Presented model describes microgrid of a living quarter. It contains five identical residential buildings with installed different volumes of photovoltaics generating electricity according to the real measured data (localized to Los Angeles). 

low voltage radial network operating on 0.48kV 

The grid is connected to the distribution network through this main two winding transformer; TS1 (1000kW, 34/0.48kV, delta/wye connection). 
Loads connected to buses B01- B05 are connected to TBus through AYKY cable conductors (parameters in Table 1). All lines have the same length of 0.3km. 



Load
P= 90 kW
Pf = 0.98
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Presentation Notes
Every building has the same load curve with maximum fixed at 90 kW. Power factor was set to 0.98. The daily consumption loadscorrespond to the daily load patterns for residential buildings in California according to. The model input loads were generated with 1h resolution representing 7 typical days .



PV system
Meteorological data
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Photovoltaic modules in the model are considered as building mounted. Installed capacity varies in every generation node representing living quarter; however, as the nodes are relatively close, all of them receive exactly same radiation levels and spot temperature at all the nodes is also identical. 

Calculted PV generation included 
temperature calculated from ambient temperature, wind and irradiation
Efficiency of the inverter per power



PV system
PV generation per unit 
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Model cases
A) B) C ) D)
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A 7 day power flow calculation in one hour resolution Power flow was calculated  for four models
Grig without PV generation and without batteries
Grid with PV generation
Grif with PV generation and one large baterry connecte on the secondary of the main transformer battery of size 250 kWh, 125 kW 
Grid with PV generation and distributed baterry -five units of 50 kWh, 25 kW (case1 model) batteries were distributed on each node together with buildings 



Optimization
Optimization of battery dispatching strategy in order to :
- Minimize cost of electricity  (price arbitrage)
- Minimize peak demand charges

Model input data: 
peak demand charges per year : 55 000 USD/MW/year
Electricity cost : 0.04245 USD/kWh (6am-12am) and 0.036 USD/kWh
Charging and discharging efficiency : 95% 

Battery dispatch management - Algebraic optimization model in GAMS
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Neviem…nedame sem nejaky pekny obrazok baterky? Napr takyto? 



Optimal dispatch management for the single battery (battery pool)

Optimal dispatch management for distributed batteries
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NAPIS MI CO



Load flow
HV side of transformer



A)

B)
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Load flow - HV site of the transformer 

Grig without PV generation and without batteries
Grid with PV generation




C)

B)
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Load flow - HV site of the transformer 
Grif with PV generation and one large baterry connecte on the secondary of the main transformer battery of size 250 kWh, 125 kW 
Grid with PV generation and distributed baterry -five units of 50 kWh, 25 kW (case1 model) batteries were distributed on each node together with buildings 
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REsults Power flow

We can see that by implementing PV into the system the active  power flow into the grid lowers and out of the grid rises
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REsults Power flow

We can see that by implementing PV into the system the active  power flow into the grid lowers and out of the grid rises

By implementing storrage systems the active power flow into the grid falls by circa 3.4 % for both cases.  But even more important is that active power flow out of the grid falls drasticall by cca 87 % ( in case of single baterry) and even more  92 % in case of distributed baterry
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REsults Power flow

If we look on reactive power the we can : that the flow of reactive power into the grid drops by PV implementation  does not change significanly by implementing Storrage systems


The flow of reactive power out of the  the grid rises by implementation of inverters into the grid witch are sources of capacitnace reactive power. How ever by implementing the storragy system the overal flow of rective power drops down by cca 13 % . HA A TOTO PRECO ? Oje dost haluz
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The flow of reactive power out of the  the grid rises by implementation of inverters into the grid witch are sources of capacitnace reactive power. How ever by implementing the storragy system the overal flow of rective power drops down by cca 13 % . HA A TOTO PRECO ? Oje dost haluz
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REsults Power flow
If we look on the looses on lines and transformers there we can say that by implementing PV system and storrage system later on the line looses have drop down The transformer looses  were lower for distributed baterry system rather than for single baterry
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Results

Maximum transmission loading of transformer 
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Another importat fact is that by optimal baterry charging discharchid sequences we were able to lower the maximum transmission loading of the trasformer




Conclusions
• Complex calculating model of small distribution grid was developed (algebraic 

optimization GAMS + power flow OPEN DSS). Scenarios with solar generation, 
battery pool and distributed batteries were compared ad quantified

• Distributed batteries have proven to be the best option. Minimizing:
• Power losses in the grid
• Active and reactive power flow out of the grid
• Maximum transmission loading of the trasformer

• Reliability and resiliency will still stay as major deciding factors between both 
battery scenarios 



Thank you for
your attention
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