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Overview

= Change within the electric power system (EPS) is due to an increased
penetration of distributed energy resources (DERs)
= Electric power system should have a secure and resilient operation
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Presenter
Presentation Notes
As inverter-based Distributed Energy Resources (DER) continue to increase  in our Electric Grid increase it is up to us the power systems engineers to make sure  it is the system is continues to be  sustainable and reliable. One way of doing that is by regulating the voltage.  Having overvoltage in your system can damage equipment and having undervoltage can lead to power quality problems. Overall, this paper focuses on Volt/ VAR optimization by using the capacitor banks and inverters. 








DOE, is the ability of a system or its components to adapt to changing conditions and withstand and rapidly recover from disruptions



Finding a way to control and optimizing a point to obtain a solution and being able to maintain the distribution system stable
 Fault occurs, it causes excessively high currents to flow which causes the damage to equipments and devices.


Motivation

Challenge

= Diverse loads have been added to the EPS and load
forecast have been difficult to predict
= Secure voltage performance of distribution systems

Solution

= Control inverters for Volt/ VAR control (VVC) can
provide a faster response for voltage regulation

= Switched capacitor banks and inverters can work
together to mitigate the voltage deviation

= Traditional devices are transformer load tap
changers and voltage regulators
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Presenter
Presentation Notes
As diverse loads are added to the grid load forecasting has been difficult to predict. That is why we need a fast responding voltage regulation method. In comparison to traditional voltage regulating device such as  load tap changers and voltage regulators 
This work focuses on how inverters are being integrated into the distribution system and how the inverters can work with existing VVC  devices such as capacitor banks 
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Prior Work
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Presenter
Presentation Notes
 Some prior work that has been done on this topic is based on the linearized distribution flow model. This model is derived from the power flow model but it is linearized.
-We can see that V pi n is the parent bus and vn is the child bus so base on Kirchoff’s law we can see that that vn = v pi n  minus the losses in the lines 
-Since we don’t want a complex voltage we square the voltage and so since the heat losses are small we ignore it here . This equation is based on a radial network since most distribution systems are radial and it has a fast response.  Here in the diagram you can see that V pi of n is the parent bus and Vn is the child bus and so in order to find the deviation of voltage in-between the you have to take into consideration the power flowing in the line and the impedance. As you can see from the following equation Rp +Xq is the equal to the voltage deviation and R and X are a positive definite matrix with includes the impedance of each line. Now if we include the capacitor bank reactance it would be added here. 
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Problem Statement

Linearized Distribution Flow (LDF) model with Capacitor Banks
AV =R (pg —p)+ X((qg —4qc) +4qcp)

— Measured Values [

=  Unknown Variable s.t.

— Unknown Binary
Variable

min [|AV]|3 \

v = R(pg _pc) +X(Qg - qc) + qcp + 1ol
pj + a3 < (sg")* |
AV =v — 1yl
(0.97)? < AV < (1.03)2
—XsM < qcp < xsM
M1 —x5) <qep —V.0C < (1—x)M
xs € {0,1}

* The apparent power capacity of the inverter is considered.
*  The Big M method is used to linearize the product of the two variables.
=  This is a Mixed-Integer Quadratic Programming (MIQP) problem.

Optimization variables are:

qcp = Capacitor banks reactive power
qg = Reactive power generative from
the PV and Battery Storage

Where the measured values are:

pg = Active solar and battery generation
pc =Active load consumed
g =Reactive load consumed
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Presenter
Presentation Notes
- The overall objective of this problem is to minimize the voltage deviation so by taking the L -2 norm squared we minimized the squared voltage difference. So things we have to take into consideration is the size of the inverter because that will determine what is the maximize amount of reactive power the inverter can give or intake. Another consideration is based on IEEE standard 1547 which states that +- 0.03 pu is the tolerance levels that can not be exceeded and so that is also taken into consideration. we overall have three known values which is the power generated from the inverter based DER , the real and reactive power load here. The optimization variables is the amount of reactive power generated by the inverter and the capacitor bank reactance. Now the capacitor bank is a fixed capacitor bank is xs determines when it should be turned on or off as you can see here it’s depended on an voltage which is also unknown .Having two unknown is considers a nonlinear problem so in order to linearize it the Big M method is implemented  and different inequalities are included so that when xs is 1 this constraint becomes an equality and the capacitor bank will be turned on and qcb would equal this term. When xs is 0 then this inequality is bounded by zero and thus driving it to 0. Overall this is a Mixed-Integar quadratic programming problem. 



determine when is the capacitor on or off and see how the capacitor will effect the q injection for that bus then simulating it in gridLAB-D ..the contribution that is  implementing this to a 13 bus system and comparing how a q injection would be different from having a capacitor on the bus and an inverter 

-Gurobi optimization solver and MATLAB 



PV Generation

Top 10 States
California 25,016 MW
North Carolina 5,467 MW
Arizona 3,788 MW
Nevada 3,452 MW
Florida 3,156 MW
Texas 2,957 MW
New Jersey 2,829 MW
Massachusetts 2,535 MW Installed Capacity (MW)
0 <50 MW
New York 1,718 MW — 050 - 199 MW
, @ Pa = 200-999 MW
Utah 1,661 MW it - = 1,000 - 5,500 MW
) PR = > 25,000 MW
Georgla 1’572 Mw ijperSlrcelh‘a: i ;mms\::_-wjp ‘
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Presentation Notes
-As mentioned earlier today by (SDGE)-> there is a large number of rooftop solar in California and soon this number will increase in many other states. 





Distribution grid model L@u

IEEE 13 Node Test Feeder

= A 4.16kV single-feeder radial distribution grid of N+1 nodes and N lines is modeled.

* Distributed Energy Resources (DER) are connected to 9 nodes out of the 12 nodes.

=  Measurements are taken from Pecan St dataset
= Node 11 has a 100 kVAR capacitor bank connected and Node 12 has a 200 kVAR connected
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Presenter
Presentation Notes
So the IEEE 13 Node Test Feeder has been used for a 4.15kV single phase radial system to demonstrated the volt/var control. In this case scenario 9 out of the 12 buses have a pv attached to it and there is a 

-minute- sampled is taken at 8am 
- peak demand increase by 40% in california
- Future work - less amount of pv in the system and incorpoate a transformer top tap changer and see how the 3 devices would work together
- in conclusion if we have control over the inverters set points that are connected to driffent buses then we would be able to use them and the capacitor banks to regulate voltage
 
slide 1 - As mentioned earlier today and pretty much in the entire conference Inver-based distributed energy resources are increasing within out distribution system and it's up to us the power system engineers to make sure that the system continues to be reliable and sustainab
DOE, is the ability of a system or its components to adapt to changing conditions and withstand and rapidly recover from disruptions



Finding a way to control and optimizing a point to obtain a solution and being able to maintain the distribution system stable
 Fault occurs, it causes excessively high currents to flow which causes the damage to equipments and devices.



Case Study

Voltage Profile
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* Initial voltage and reactive power
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Presentation Notes
-Here are the initial values of the voltage and reactive power of the inverters in the system at taken at 8am in May


- 2013



Case Study

Simulation Case 1
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Voltage profile without controller implemented

during load increase

* High customer demand
* The power consumed in the entire system is increased by 50%, causing a voltage dip
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Presentation Notes
-Now when there is a high customer demand and an increase of 50% load this is how the voltage will react with no controller . As you can see it falls below the required tolerance level and is this will cause unnecessary tripping in your system. However with the controller the voltage profile will remain within tolerance. 


Case Study

Slmulatlon Coazse 1 Reactive Power in the System - Reactive Power in the System
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* The amount of reactive power absorption decreases to mitigate the voltage deviations.
*  The capacitor bank at node 11 is switched on because the closest inverter has reached the maximum level of
reactive power output capacity
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Case Study

Simulation Case 2
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decrease with a controller

The active power consumed in the entire system is decreased by 50% and the reactive power consumed is
calculated based on the randomized power factor from 0.85-0.9

With the controller the voltage has a maximum of 0.5% error
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Presentation Notes
In the second case scenario where the load decreases by 50% the voltage profile actually rises and is still within range. If you however have the centralized controller you would have less of an error. Also in both case scenerios the power generated from the pv are the same and the reactive power load is randomized ased on a power factor of 0.85-0.9. 


Case Study

Simulation Case 2

Reactive Power in the System

Reactive Power in the System
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Both capacitors lower the amount of injected reactive power because there is a rise in voltage
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Conclusion

M The proposed computational method is validated because the voltage deviation remained within range

M An optimal solution to turn on/ off the capacitor bank was found

Future Work

[ Applying the Volt/Var method to the Dominion Energy system and analysing the results

[/ Reduce the amount of inverter-based DER in the system and incorporate a transformer load tap changer

Limitations

M Doesn’t evaluate the performance of other VVC devices such as transformer load tap changer and voltage

regulators

13 14 November 2019 .
Dominion
Energy’

w



Questions

Genesis Alvarez
Genesis.b.alvarez@dominionenergy.com
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