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ABSTRACT 

Grid Simulation to Model Use Cases for Blackout Restoration Using Electric Vehicles 
 
 

Clare Lamers and Clay Ozuna 
Department of Electrical Engineering 

Texas A&M University 
 
 

Research Advisor: Dr. Katherine Davis 
Department of Electrical Engineering 

Texas A&M University 
 
 

 Power blackouts pose physical, financial, and reputational risks that impact surrounding 

areas negatively. Electric vehicles can serve as generators, supplying power in blackouts to help 

make the grid robust and mitigate the damage caused.  

As load demand continually increases, generation capacity has remained relatively stable. 

Our project will focus on the possibility of using electric vehicles as a generation source to solve 

the load growth problem. This will be done by building a unique grid simulation to fulfill a 

demand for an end to end model. From the model, we can simulate blackouts and explore the 

possibility of using electric vehicles to aid restoration. 
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NOMENCLATURE 

 

BCS   Bryan/College Station 

 BTU   Bryan Texas Utilities  

 ERCOT  Electric Reliability Council of Texas 

 EV   Electric Vehicle 

 ICD  Interface Control Document 

TAMU  Texas A&M University 
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CHAPTER I 

INTRODUCTION 

 

Preliminaries and Motivation 

The world today depends on power. From essential life support to business 

communications, power is a necessity. Daily life slows without it due to the interruptions it 

causes. Minor blackouts can be recovered from quickly. Large scale blackouts lasting more than 

a few hours can be detrimental, costing billions of dollars in irreparable damage (Adibi et al.). 

Some direct effects include food spoilage, loss of life support systems, and traffic congestion. 

The cost of the 2003 Northeast blackout ranged from $4 billion to $10 billion (Diaz et al.). 

Mortality rates increased two to eightfold during the blackout from respiratory, cardiovascular, 

and renal diseases (Lin et al.). Blackouts can damage the trust of people with the power 

companies and make communicating with emergency services impossible due to downed 

communication lines. They can cause damage to the power system and equipment that depends 

on continuous power to function. There are alternatives to help mitigate the losses of a blackout, 

which is why this research will focus on utilizing Electric Vehicles (EV) as a source of power 

generation to help improve the robustness of the grid (Jenkins et al.).  

Batteries from electric vehicles can help synchronize and sectionalize the power grid, 

aiding quicker restoration that puts less strain on the overall system. In the event of a blackout, 

all loads with Electric Vehicles could be isolated and then energized using the Electric Storage 

Unit (ESU) from the Electric Vehicle. After these sectionalized components are synchronized, 

they assist in reenergizing the rest of the circuit (Choo et al.). Residential ESU’s in the form of 

electric vehicles should be designed to be able to put power back into the grid so that the grid can 
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become more reliable and recover from attacks or failures. With this research, we will be able to 

determine how many Electric Vehicles are needed on the grid, as well as the optimal amount and 

scheduling strategy to make Vehicle to Grid restoration possible and effective (Lin et al.). 

Overview 

The goal is to fully model the grid from power generation to load. From there, we will 

analyze the effect of using an electric vehicle as power generation to help support the grid during 

a blackout. This builds on research using electric vehicles to help stabilize power demands 

during peak usage. 

Currently, there are only segmented models of transmission and distribution. There are 

very powerful models of transmission available that researchers and utilities may use to design 

and analyze power grid models. The case is the same for distribution models. In reality, however, 

EVs and other loads can affect the entire system and the model will allow us to view the entire 

power grid at once. We have built new models of generation, transmission and distribution down 

to a residential level and unified them. Currently, there are not any models that represent the 

power grid as one segment. This will allow us to connect EVs to the grid at a residential level. 

We will reference previous research on EVs to understand how they contribute power to the grid. 

Using the connected vehicles, we will explore the possibility, benefits and optimal plan for grid 

restoration. 

Operating Concept 

The project can be broken down into five components: generation, transmission, 

distribution, modeling of EVs on the grid and the use case of using EVs to support the grid. For 

generation, we will be creating a basic model to simulate the power delivered by the plant to the 

grid. For transmission, we will be building a more detailed, visual three phase model. For 
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distribution, we will also be building a detailed synthetic grid model based on the mapbook 

parcel data for the Bryan/College Station area. Each parcel will be assigned to a substation. For 

modeling EVs, we will determine the power that EVs contribute and connect them to the grid 

simulation. Finally, to implement the test case, we will run blackout and load shedding scenarios 

with EVs online to determine the necessary and optimal response. We will be using Matlab to 

build the model. Matlab is a software that will not only allow us to simulate the power grid in 

detail but also provide a platform in which we can analyze the large amount of output data. A 

summary of the system, how the components interact and are displayed can be seen below in 

Figure 1. 

 

Figure 1. Functional Block Diagram of the project 

Modes of Operation 

The simulation will have a map of the distribution, transmission and parcels of the area 

that we are modeling. This map will include a visual representation of the generators, 
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transmission lines, distribution lines and residential areas. We will also have a detailed tabular 

representation of the output date from the grid, load and EVs. The tabulated results will allow the 

user to view and compare the results with different amounts of EVs on the grid at a time. There 

will also be modes to represent blackouts and load shedding situations. There will be different 

levels of blackout severity that the user can choose from. The user can also vary the number of 

EVs on the grid. When the program is run, it will provide the usual tabular output of the grid as 

well as a blackout restoration analysis detailing how long restoration took, how much the time 

was improved with the help of EVs and how the strain was reduced on the other generators. 

There will also be a load shedding mode. There will be different levels of peak load that can be 

simulated, therefore requiring different amounts of load shedding. This level can be selected as 

well as the number of EVs on the grid at that time. The output of the load shedding mode will be 

the usual map and tabulated results as well two graphs showing the demand versus the generated 

power before and after EVs are added on the grid. 
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CHAPTER II 

FUNCTIONAL SYSTEM REQUIREMENTS 

 

The grid model is composed of three major subsystems: generation, transmission, and 

distribution. The main purpose of generation is to demonstrate power generated based on the 

approximated model of transmission in the BCS area. It sends power based off of data from the 

Texas power document to the other components. The main purpose of transmission is to step up 

power and transmit it through power lines from the generation to the distribution subsystem. The 

main purpose of the distribution subsystem is to step down the voltage from the transmission 

subsystem and distribute power to simulated load representing households in the Bryan/College 

Station area. The distribution model will be based off of locally available parcel data to provide a 

detailed representation of distribution.  

When the system is turned on, Matpower analyzes the input data for generation and 

transmission, that was calculated based off of information from the power plants, BCS 

transmission map and Texas synthetic grid. From this data, the system calculates information 

about every bus and branch in the transmission system as well as information about the overall 

load and generation. We used data calculated in our transmission system to determine which 

substations were active in distribution and how much demand was on each of them. From this 

information we were able to calculate the load demand for every parcel. The functional diagram 

representing each subsystem and potential use cases is shown in Figure 2. 
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Figure 2. Block Diagram of the Power System 

Generation 

Power is generated from multiple sources and fed into the transmission lines. In the BCS 

area, there are 2 natural gas power plants, Dansby and Atkins that have a total capacity of 227 

MW. Texas A&M University also has a central utility natural gas and heat recovery plant that 

generates 50 MW. Within the BCS area, power is sold and purchased through ERCOT to drive 

utility costs down.  

Below in Figure 3 is the screenshot of the data accumulated from the different power 

plants. 

 

Figure 3. Generation Specifications in MatPower Matrix Form. 

The definitions for values are as follows: 
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1. Bus number 
2. Real Power Output (MW) 
3. Reactive Power Output (MVAr) 
4. Max reactive power output (MVAr) 
5. Minimum reactive power output (MVAr) 
6. Voltage magnitude setpoint (p.u.) 
7. Total MVA base of the machine 
8. Status of generator (1 or 0) 
9. Maximum real power output (MW) 
10. Minimum real power output (MW) 
 
Values were pulled from public information on each of the generators. The power generated is 

based purely off of the generators in the Bryan/College Station area, not including power 

generated and purchased from outside sources. 

Transmission 

Transmission is based off an ERCOT map of transmission lines and substations in the 

BCS area shown below in Figure 4. 

 

Figure 4. ERCOT Map of Transmission in Brazos County 
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This map shows that voltage levels are either 138 kV or 69 kV. Transmission is also three phase 

power. The exact locations of the substations and power plants are needed to determine the 

lengths of the transmission lines. The above map was used as a reference to locate the 

substations using Google Maps satellite mode. For example, the screenshot below in Figure 5 

shows the Greens Prairie substation.  

 

Figure 5. Greens Prairie Substation Satellite View 

There is a feature on Google Maps to find the latitude and longitudes of a chosen point. All the 

latitudes and longitudes of the substations were recorded and converted into coordinate points. 
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Below is Table 1 which shows some substations, their latitudes and longitudes and the converted 

coordinate values. 

Table 1. Example Latitudes and Longitudes of Substations 

Substation Latitude Longitude X Y 

Atkins 30.647793 -96.372023 49734.40871 68587.29185 

Dansby 30.721552 -96.460952 21737.73051 95526.1557 

TAMU power plant 30.618122 -96.342427 59051.83821 57750.60712 

TamuSW 30.616557 -96.351077 56328.6403 57179.02505 

South SS 30.593925 -96.31068 69046.44675 48913.18133 

Boonville 30.681861 -96.338327 60342.60253 81029.88481 

Kurten 30.799805 -96.292861 74656.23443 124106.3549 

 

After all the coordinates were calculated they were plotted and connected according to the BCS 

transmission map. 

The lengths of every line were calculated in Matlab. Now that the mileage of the line is 

known, the type of cable was determined. After some research, it was determined that Ostrich 

cable would be used for all the 138 kV lines and Waxwing would be used for 69 kV lines. With 

this information, the PowerWorld Transmission Line Parameter Calculator was used to calculate 

the resistance, reactance and susceptance for each branch.  

Another parameter that had to be determined for every bus was the real and reactive 

power demand and voltage angles and magnitudes. This information was determined with the 

help of the Texas Synthetic Grid Case in PowerWorld. Below, Figure 6, is a screenshot of the 

BCS area in the Synthetic Case. 
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Figure 6. Screenshot of BCS area in Texas Synthetic Grid Case. 

A bus from the synthetic grid case was assigned to every bus in our model of the 

transmission system for the purpose of power demands and voltage magnitudes and angles. 

After all of this information was calculated, the data was input to Matpower. Below, 

Figure 7, is a screenshot showing a snippet of the code for the bus input information. 
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Figure 7. Code Snippet of Bus Input Data 

The model is a 25 bus system so the bus matrix ended up being a 25x13 input matrix. The 

process for inputting bus information is similar. Branches are the lines connecting two buses. 

The data for each line is recorded in a line of the branch matrix as seen in the code snippet in 

Figure 8 below. 

 

Figure 8. Code Snippet of Branch Input Data 

The branch matrix ended up being a 31x13 input matrix. After this data was calculated and input 

to Matpower, the simulation was run. The output is shown below in Tables 2-4. 
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Table 2. Summary of Overall System 

System Summary 

How many?   How much?  P (MW)       Q (MVAr) 

Buses 25 Total Gen Capacity      326.4 -38.6 to 150.5 

Generators   3 On-line Capacity    326.4 -38.6 to 150.5 

Committed Gens 3 Generation (actual) 272.5 85 

Loads    7 Load 266 83.4 

        Fixed  7         Fixed  266 83.4 

        Dispatchable  0         Dispatchable -0.0 of -

0.0 

-0.0 

Shunts  0 Shunt (inj) -0.0 0 

Branches 31 Losses (I^2 * Z) 6.47 12.82 

Transformers 0 Branch Charging 

(inj) 

- 11.2 

Inter-ties 0 Total Inter-tie Flow 0 0 

Areas 1       

        

  Minimum Maximum   

Voltage Magnitude 0.983 pu @ bus 18 1.001 pu @ bus 8   

Voltage Angle -19.22 deg @ bus 15 -15.25 deg @ bus 2   

P losses (I^2 * R) -  2.73 MW @ line 2-

4 
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Q Losses (I^2 * X) - 5.61 MVAr @ line 

2-4 

  

 

Table 3. Example Bus Output Data 

Bus Data 

  Voltage Generation Load 

Bus # Mag (pu) Ang (deg) P (MW)  Q (MVar) P (MW) Q (Mvar) 

1 1 -18.11 20.49 87.47     

2 1 -15.25 207 -65.87     

3 1 -19.222 45 63.37 57.7 21.79 

4 0.996 -17.96     47.27 13.47 

5 0.985 -19.21     81.55 25.01 

6 0.996 -17.965         

7 0.994 -16.884         
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Table 4. Example Branch Output Data 

Branch Data 

      From Bus 

Injection 

  To Bus 

Injection 

  Loss   

Branch 

# 

From 

Bus 

To 

Bus 

P (MW)  Q 

(MVar) 

P (MW)  Q 

(MVar) 

P 

(MW) 

Q 

(Mvar) 

1 2 22 52.23 -8.79 -52.08 9.05 0.153 0.29 

2 2 11 31.01 -8.94 -30.57 9.58 0.44 0.82 

3 2 4 123.76 -45.78 -121.04 50.13 2.725 5.61 

4 2 8 0 -2.36 0 0 0 0 

5 18 1 5.24 -20.53 5.42 20.7 0.175 0.33 

6 17 1 0 0 0 -0.14 0 0 

7 4 1 7.9 -48.94 -7.8 48.83 0.099 0.2 

From the branch data table (Table 4), the direction of power flow is determined. This was 

used to update the transmission map to reflect direction of power flow. The final map is shown 

below in Figure 9. 
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Figure 9. Transmission Model of BCS Area 

Distribution 

Distribution is the part of the electric power grid that actually delivers power to the 

customers. Distribution begins at the substation. Feeders travel from the substations to individual 

residences. Our distribution system is based off of population per zip code, load demand per 

substation and number of customers per parcel. The distribution system was divided by parcel 

and each parcel was assigned to a substation. From the transmission system outputs, load 

demands were calculated for every substation as shown below in Table 5. 
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Table 5. Load Demand per Substation 

Substation 
Number 

Substation 
Name 

Real Power Demand 
(MW) 

Reactive Power Demand 
(Mvar) 

3 TAMU power 
plant 

57.7 21.79 

4 TamuSW 47.27 13.47 
5 South SS 81.55 25.01 
9 Greens Prairie 15.14 4.74 
18 Ind. Park 56.22 16.02 
20 Nall Lane  4.19 1.22 
24 Post Oak 3.95 1.15 

 
The next step was to integrate the mapbook parcel data information we had. The entire 

BCS area is divided into parcels, as seen in the figure below. This particular image shows 

College Station divided into parcels in Figure 10. 

 

Figure 10. Parcel Map of College Station 

Every parcel is divided into residences and commercial properties. This can be seen below in the 

following Figure 11. 
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Figure 11. Example Parcel in College Station 

For example, in the above parcel, it was calculated that there are 1,216 residences. From our 

research, it was determined that commercial customers draw twice as much power as residential 

customers (“Electricity Customers”, EPA). From this information, a weighted number of 

customers for each parcel was calculated. For example, below in Table 6 is the data calculated 

for a few parcels. 

Table 6. Weighted Customer Count per Parcel 

Parcel Resident Commercial Weighted Customers per Parcel 
513-216 2 

 
2 

513-218 10 
 

10 
516-214 1 1 3 
516-216 3 

 
3 

516-218 5 1 7 
519-210 3 

 
3 

519-212 7 1 9 
519-214 5 2 9 
519-216 6 1 8 
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Based on the geographical location, the zip code for every parcel was determined. The total 

number of customers per zip code was calculated and used to find the percentage each parcel 

demanded per zip code. Then the percentage was multiplied by the load demand for that zip 

code. Finally, a load demand was generated for every parcel as shown below in Table7. 

Table 7. Real Power Demand per Parcel 

Parcels Percentage Power per Parcel (MW) 
537-194 0.001911315 0.052124044 
537-196 0.002532492 0.069064359 
537-198 0.001290138 0.03518373 
537-200 0.002102446 0.057336449 
537-202 0.001529052 0.041699235 
537-204 0.003249235 0.088610875 
537-208 0.486631016 0.01419016 
540-188 0.000860092 0.02345582 
540-190 0.00033448 0.009121708 

 
With a load value associated with every parcel and a known load demand for every substation, 

every parcel was assigned to a substation to fulfill its load demand. From these assignments, a 

map of the distribution system was created with a feeder drawn to every parcel from a substation 

as seen below in Figure 12. 
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Figure 12. Distribution Map 
 
EV Modeling 

 EVs are modeled on the grid as additional sources of generation. The amount of 

generation produced is based on the research done in an IEEE paper by Minho Kwon, Sewan 

Choi and Sehyung Jung. This paper discusses the development of a bidirectional inverter that 

produces 3.3 kW (Kwon et al.) at approximately 95% effectiveness both directions. This is the 

inverter model that is used to model EVs on the electric grid. The EVs are modeled as an 

additional source of generation. 

Blackout Restoration Use Case 

Since the project will build a unified model of the power grid, it can be used to study 

blackout restoration processes and how EVs can assist in the process. Currently, the black start 

procedure involves starting dispersed black start generators to create islands (Saraf et al.). The 

islands are then connected at synchronizing stations and then used to help restart larger 

generators or the main power plant. Our program will have a Blackout Mode and will provide 
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data about black starting the grid with and without EVs online. The black start procedure is 

similar with the assistance of EVs. There is current research on how to use distributed generation 

to restore the grid. EVs would operate similarly to other distributed generation resources. After a 

blackout, the EV batteries would be started and used to help start generators or power plants. Our 

user interface in Blackout Mode will allow the user to select how many EVs they want on the 

grid at a time. The user will also be able to choose the severity of the blackout, whether it’s an 

entire power plant offline or just individual generators. The Blackout Mode will output a table 

that shows how long restoration took, how long it would’ve taken without EVs and other 

voltage, power factor and reactive power data. 

The first step was determining a blackout restoration scheme in the event that all three 

power plants in the BCS area shut down. This step by step process is delineated below. 

1. Cold start A&M power plant. 

2. Energize branch between A&M and bus 25, bus 25 to Atkins. 

3. Send crews to Atkins and use A&M to start Atkins. 

4.  Energize branch between Atkins and bus 4, bus 4 to Dansby. 

5.  Send crews to Dansby and use other plants to energize. 

After this strategy was formulated, the restoration time was calculated. The factors that were 

considered for restoration time were start time of the particular type of generator, ramp rate of 

the particular type of generator, stabilization time and crew travel time (Saraf et al.). The 

calculated values can be seen in Table 8 below. 
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Table 8. Restoration Time Estimation for Blackout Scenarios 

Plants down Total time (hours) 
all 4.149 
A&M 1.094 
Atkins 0.833 
Dansby 1.486 
A&M, Atkins 2.227 
A&M, Dansby 3.026 
Atkins, Dansby 2.44 

 
Now that a total time is calculated for each scenario, these times can be used as a baseline 

comparison for improvement when EV’s are placed on the grid. When EV’s are connected on the 

grid as an additional distributed generation source, this total time can be decreased because the 

additional power could help turn on the generators or support load. A detailed discussion of these 

results follows in the next chapter. 

Peak Shaving Mode Use Case 

At times of peak load, sometimes power companies have to intentionally take some loads 

offline to keep the system operating normally. EVs could help reduce the load demand or keep 

residences online while they are being shed. Our program will allow the user to select Peak 

Shaving Mode. This mode will simulate the instance where peak load is nearing the total MWs 

available. There will be differing amounts of severity that the user can choose from. Associated 

with each degree of severity will be a predetermined shedding schedule. The user can also 

choose how many EVs they would like on the system at a time. The output of Peak Shaving 

Mode will be a graph showing the load demand and actual power available (which is drawn from 

the map of the electric grid). It will have two curves showing how the demand/actual curves 

change before and after EVs.  
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CHAPTER III 

RESULTS 

 

Blackout Restoration 

 The first step of the project was to build a power system simulation modeled after 

information from the Bryan/College Station area. Using this simulation, EV’s were implemented 

onto the grid as an additional generation source. The grid simulation allows for monitoring of 

power flow and losses of the system. Results were determined by varying the amount of EVs on 

the grid at a time, which corresponded to a generation addition. For each blackout scenario, there 

is a scheme and order of restoration that chooses which generator is reenergized first. With the 

simulation, the amount of power delivered to assist in generation pickup is calculated which can 

decrease the power needed to ramp up and therefore decreasing the time. Another variable that is 

affected is the stabilization time which can be reduced if more load is supported by EVs. In 

addition to time reduction, the studies also analyzed the percentage of load pickup that was 

reduced with the addition of EVs. Different amounts of generators down corresponds to a 

different amount of load that is shed and needs to be restored which can strain the generator. 

Increased generation sources reduces some of this strain.  

 The collected results are summarized in figures 13-19 which show the restoration time 

and percent load pickup for 7 different scenarios. 
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Figure 13: Just A&M plant down 

 
Figure 14: Just Dansby Plant down 
 

 
Figure 15: Just Atkins Plant down 
 



  

26 

 
Figure 16: A&M and Dansby Plants down 
 

 
Figure 17: A&M and Atkins plants down 
 

 
Figure 18: Atkins and Dansby down 
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Figure 19: All plants down 
 
Peak Shaving 

         Using the simulation noted above, EVs were implemented onto the grid as an additional 

generation source. The grid simulation allows for monitoring of power flow and losses of the 

system. Results were determined by varying the amount of EVs on the grid at a time, which 

corresponded to a generation addition. For peak shaving, there is a visual of the load for a typical 

load demand curve in the Bryan/College Station area. There is also an option for adjusting the 

number of EVs connected to the grid with a dynamically changing load that moves with respect 

to the EVs connected. 

         An example of peak shaving mode is shown below in Figure 20-22 showing the change 

in load for the grid depending on the number of electric vehicles connected. 
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Figure 20: 0 EVs connected to the grid 

 

Figure 21: 3750 EVs connected to the grid 

 

Figure 22: 39375 EVs connected to the grid 
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CHAPTER IV 

CONCLUSION 

 

Blackout Restoration 

As of 2016, the Texas Department of Motor Vehicles estimated about 8,400 EVs 

currently on Texas roads with some estimates expecting this number to be up to 100,000 by 2023 

(“Electric Vehicles 101”). This means that roughly based on percentage of population, the 2016 

amount of EVs in the BCS area would be about 60 vehicles or a projected 670 by 2023. As can 

be seen in the results in the previous sections, in order to see a significant decrease in time 

restoration, most cases require at least 1200 cars. Therefore, using EVs with bidirectional 

capabilities is possible and could have a very positive impact, but it is a very futuristic goal at 

least for the BCS area. Before this idea could be implemented, EVs would need to be sold with 

bidirectional inverters that have smart communication with electric utilities. Also, utilities would 

have to implement intermittent synchronization stations that could collect the power harvested 

from EV batteries and redirect it to where it is necessary. That being said, the calculations 

performed in this research do not take into account other distributed generation resources that are 

on the grid, which could contribute additional generation capabilities that could further reduce 

restoration time and load pickup requirements. The main conclusion is that using EVs for 

blackout restoration is possible with some adjustments to power utility operation. They have the 

potential to reduce restoration time and the strain on generators from picking up load, especially 

as more people begin to purchase them.  
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Peak Shaving 

         As shown in the peak shaving results, decreasing the load during the day would result in 

increasing the load at night to recharge vehicles that were used. As noted with the blackout 

restoration conclusion, to see a significant decrease in the load within the Bryan/College Station 

area, there would need to be approximately 3,000 vehicles connected to the grid. This is, as 

stated above, a futuristic goal that would require several steps beforehand. This research does not 

consider the degeneration of EV batteries from constant usage or the constant trading of energy 

done on a daily basis. This research works on the premise that electric vehicles will be able to 

put energy into the grid during the day and take energy at night. This is meant to be interpreted 

as usage within an extreme case where peak shaving is absolutely necessary to prevent blackout 

scenarios, and what the benefit of having EVs connected to the grid. It can be concluded that 

EVs can be used in events of peak shaving to help reduce load on the grid during the day. 

Discussion 

The main takeaway is that EVs can help reduce the duration of blackouts by assisting in 

bringing power plants back online after a large-scale power outage. They also help reduce strain 

on the generators as they pick up load by making it possible to bring the load back on more 

gradually. In terms of peak shaving, EVs can be used as a means reducing load on the grid 

during times of peak usage. To make a significant difference in time, strain reduction, and peak 

load reduction, there needs to be many EVs on the grid at any point in time (upwards of 1300).  

Consumer consideration or policies needed to use EVs as a means of power generation 

into the grid are not considered in this paper. Further research could seek to explore the policy 

side of implementing EVs into the grid. 
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