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ABSTRACT 

 

This paper analyzes an increased market penetration of electric vehicles in the Classic PJM 

regional electric grid, and its effect on the dispatch of generators.  A unit commitment model was 

used to create an hour-by-hour generator dispatch schedule for a 168-hour week in PJM.  The 

additional demand placed on the electric grid by increased usage of electric vehicles was modeled 

using two extreme scenarios and an intermediate scenario.  Electric vehicles were assumed to 

charge within a 13-hour charging window during nighttime hours.  Scenario 1 assumed no control 

algorithm to manage EV demand, and thus resulted in a large spike in demand at the onset of the 

charging window.  Scenario 2 assumed that a perfect control algorithm was present to spread out 

all EV charging demand across the 13-hour charging window.  In reality, a control algorithm 

implemented through a future smart grid would likely result in an hourly demand curve somewhere 

in between these two extreme scenarios, thus, an intermediate scenario (Scenario 3) where the EV 

demand is ramped up and down around the beginning and end of the charging window, 

respectively, was also analyzed.  Three EV market penetrations were analyzed: 0.2, 0.5, and 1.0.  

When EV demand was added to existing demand in the 168-hour week, the unit commitment 

model produced an economic dispatch schedule that met demand but raised costs, as expected.  

Scenario 1 resulted in the highest costs, while significant savings were achieved in Scenario 2 and 

Scenario 3.  As EV market penetration increased, these cost savings became even more 

pronounced.  Scenario 3 had a slight advantage over Scenario 2 in cost savings, but both cut costs 

significantly from Scenario 1. 
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Chapter 1  
 

Introduction 

While an uncommon sight on the streets in 2016, electric vehicles (EVs) are poised to 

sweep the automotive industry in the coming decade.  Along with the autonomous vehicle trend 

in the industry [1], automakers around the world are preparing for the electric vehicle revolution 

[2]–[5] as technology finally appears ready to support longer-range, reliable, and market friendly 

electric vehicles [6].  Currently, electric vehicles make up 0.7% of the vehicles on the road in the 

United States, but this figure is up from effectively 0.0% before 2011 [7], [8].  A number of factors 

exist that will influence the increased adoption of electric vehicles in the United States, but most 

predictions have estimated that electric vehicles will grow to between 10% and 50% of the market 

share in the coming decades [9]–[11]. 

Much like how gas stations and smoother, safer roads supported the proliferation of 

petroleum-powered vehicles in the 20th century [12], two infrastructure developments are needed 

to support the growing electric vehicle market: charging stations and electric transmission and 

distribution grids.  Residential charging stations are currently an option for homeowners, as a 

standard 230V outlet can provide enough power for an overnight charge [10].  Public charging 

stations that provide greater power and a faster charge are also becoming more readily available 

[13], but whether owners will largely charge at home in the future, or via public charging stations,  

remains unclear.   

The second infrastructure improvement needed for adoption of electric vehicles are the 

transmission and distribution grids.  Transmission grids refer to the large, regional electric grids 
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that serve many states and fall under the control of a regional transmission organization (RTO) 

[14], [15].  An example of a regional transmission grid is the grid served by PJM Interconnection, 

LLC [16], [17].  That grid itself is part of the larger Eastern Interconnection grid that serves the 

eastern half of the United States [18].  These large grids comprise of thousands of generators with 

a variety of generating technologies – coal, gas, oil, wind, solar, nuclear, hydro, biomass, etc.  

Millions of individual demand points (i.e. customers) are also served in these grids; however, these 

individual customers are managed by local electric distribution companies discussed below.  

Electricity flows throughout these grids on very high-voltage transmission lines that can span 

hundreds of miles between connection points [18].  The RTO in a regional grid controls the 

dispatch of electric generators to ensure that electricity demand in the grid is met [19].  This 

dispatch is subject to a number of constraints inherent in the generating technologies and 

transmission limits.  The RTO aims to dispatch the generators in a way that meets demand but also 

minimizes overall cost [20].   

In contrast, the distribution grid refers to final stage of electric power transmission.  In the 

local distribution grid, electricity is taken from the regional high voltage transmission grid 

discussed above, transformed into lower voltage electricity, and distributed through a network of 

transformers and service hookups to individual customers within a smaller locale [21].  The local 

distribution grid has a completely different set of constraints than the regional grid, includ ing 

transformer and nodal transmission limits.  Therefore, studies on the impact of electric vehicles on 

electric grids typically focus on either the regional electric grid or the local distribution grid.  A 

number of studies have analyzed an increased market penetration on the local distribution grid in 

various locales [9], [22]–[34].  This research and analysis of distribution grids in various locales 

has largely concluded that small increases in the market penetration of EVs, sometimes in the 
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single-digit percentiles, can lead to problems in the local distribution grid when no control 

algorithm is implemented.  This increased demand can manifest in the form of thermal overload, 

voltage deviation, and phase unbalance in the local distribution systems [23], [35].  When a control 

algorithm – a program that manages charging of electric vehicles to ensure charging demand is 

spread evenly across the charging window during off-peak hours, rather than creating a demand 

spike – is implemented, these studies have found that local distribution grids can handle increased 

market penetrations that vary between around 20% to upwards of 80% [30]. 

This study analyzed the increased market penetration of electric vehicles on the PJM grid 

– specifically, the “Classic PJM” grid, further described in Chapter 2.  A number of studies have 

also analyzed the effect of increased market penetration on various regional transmission grids 

[10], [28], [32], [36]–[41].  Impact of electric vehicles on regional transmission grids has been less 

comprehensively researched than the impact on local distribution grids.  These studies have 

concluded that a sizable increase in the market penetration of electric vehicles, similar to the figure 

used in this study, is attainable if control algorithms are implemented to spread charging demands 

across the demand valley during the nighttime hours.  Such control algorithms may be centrally 

planned and controlled, or decentralized and implemented at each customer’s point of charge [38].  

This study analyzed the effect of no control algorithm – where demand spiked when customers 

plugged in – and the effect of a perfect control algorithm that spreads demand perfectly across the 

charging window.  In reality, individual customers’ driving and charging habits will result in a 

demand scenario somewhere in between these two extremes.  This study also used an intermed iate 

scenario that modeled this by ramping up and down EV demand across the charging window, 

resulting in a smooth demand curve. 
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Knowing where the regional grid infrastructure stands at the onset of a predicted wave of 

increased EV market penetration is crucial in the transition from fossil-fuel based vehicles to 

electric vehicles.  The Obama Administration has taken steps to promote this transition to ensure 

that the United States remains a global leader in automotive innovation [42].  Federal policy aside, 

the market forces also indicate that electric vehicle adoption is on the horizon, as battery and EV 

technology continue to get cheaper and oil market futures remain uncertain [43]–[45].  

Identification of the limits of current generators in the regional grids across the United States, and 

research into the technologies – especially green and renewable – that can meet the increased 

electric demand from electric vehicles, is the crucial next step to take to prepare for the electric 

vehicle revolution. 
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Chapter 2  
 

Theory 

This study assumed an increased market penetration of electric vehicles by a set decade: 

the 2030s.  The framework used to model an increased electric demand on PJM generators due to 

increased market penetration of electric vehicles is outlined below.  A unit commitment model was 

modified to accept a realistic demand load from electric vehicles.  This extra demand was posited 

using current data on charging trends and future predictions of market penetration. 

Unit Commitment Model 

Unit commitment (UC) is a model used in regional electric grid operations to dispatch 

electric generators while being subject to the constraints of meeting demand while minimizing 

total costs.  Carefully modeled in the unit commitment model, the total costs include fixed startup 

costs, variable operation and maintenance costs, and fuel costs.  A number of other constraints also 

exist to more realistically model the regional grid, including startup and shutdown times, ramping 

constraints, and transmission constraints.  The unit commitment model produces an hour-by-hour 

synopsis of which generating technologies across the grid must supply electricity to meet demand 

[46].  Unit commitment models are usually solved using an algebraic modelling program, such as 

the General Algebraic Modeling System (GAMS) by GAMS Development Corporation [47].  With 

reasons discussed below, the transmission constraints are not included in the unit commitment 

model used in this study. 
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PJM Electric Power Grid Representation 

This study models the electric grid under the control of the PJM Interconnection, LLC 

regional transmission organization (RTO).  PJM, originally named after Pennsylvania, New Jersey, 

and Maryland [16], now has expanded to and serves all or part of the states of Delaware, Illino is, 

Indiana, Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, 

Tennessee, Virginia, West Virginia and the District of Columbia [17].  The local distribution grids 

within PJM are shown in Figure 1.  Specifically, this study uses the “Classic PJM” region, which 

includes 1,172 generators in Pennsylvania, New Jersey, Maryland, Deleware, and the District of 

Columbia.   

 
Figure 1: PJM Transmission Distribution Zones [17] 



7 

These 1,172 generators each have a minimum output, ramp rate, startup fixed cost, 

minimum run time, minimum down time, nameplate capacity, fuel cost, variable cost, heat rate, 

and fuel cost on startup.  The wind, solar, and hydro generators have capacity factors.  Each of 

these terms is defined here:  The minimum output of each generator is the lowest level of power 

output maintainable without shutting down completely.  Ramp rate, also called ramping limit, 

refers to how quickly each generator can change its power output.  Note that the ramp rate values 

used in this study are values from 0 to 1 that are multiplied by the generator’s total capacity to 

determine the generator’s true ramp rate.  Startup fixed cost refers to the cost incurred upon startup 

of the generator.  Minimum run time and minimum down time refer to the minimum number of 

hours needed for each generator to remain on or off, respectively.  Nameplate capacity of each 

generator is the highest power output attainable.  Fuel cost refers to the cost of fuel used in each 

generating technology, while variable cost refers to the operational and maintenance costs of each 

generator that very with output.  Heat rate is associated with efficiency, and refers to the amount 

of fuel energy used to generate one unit of electricity.  Startup fuel cost refers to the cost of fuel 

used in plant startup.  Capacity factor refers to the percentage (between 0% and 100%, or 0 and 1) 

of the nameplate capacity that a generator outputs in a specific hour.  For example, the capacity 

factor of solar generators in the nighttime hours is zero because the panels absorb no sunlight.  For 

wind, the capacity factor depends on wind speed but usually falls between 0.01 and 0.3 [48].  An 

overall operating cost for each generator can be calculated using Equation (1)(1, where 𝑂𝐶𝑔,ℎ  is 

the operating cost of each generator in each hour, 𝐻𝑅𝑔  is the heat rate of each generator, 𝐹𝐶𝑔 is 

the fuel cost of each generator, and 𝑉𝐶𝑔,ℎ is the variable cost of each generator in each hour. 

 𝑂𝐶𝑔,ℎ = [𝐻𝑅𝑔 ⋅ 𝐹𝐶𝑔] + 𝑉𝐶𝑔 (1) 
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Generating technologies represented in this database of generators include coal, oil, natural 

gas, nuclear, hydro, biomass, wind, and solar.  Note that several key advantages and disadvantages 

exist inherently as a property of these different technologies, and perhaps the most significant of 

these is that renewables such as wind, solar, and hydro have zero fuel cost, startup fixed cost, and 

minimum output. Conversely, many of the fossil fuel-fired generators have minimum run and 

down times between eight and sixteen hours.  Renewables are limited by their capacity factors, 

defined above.  The capacity factors for solar and wind vary throughout the week.  Capacity factor 

data used in this study for solar and wind are shown in Figure 2 and Figure 3, respectively [49].  

The capacity factor for hydro was assumed to be 0.6.  The information regarding each generator’s 

properties was taken from [49]. 

 

 
Figure 2: Capacity Factor Data for Solar 
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Figure 3: Capacity Factor Data for Wind 

Integrating Electric Demand Loads 
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by region of the country, weather, season, and weekday.  This study used hourly demand loads for 

a 168-hour week, taken from a two-week sample of demand loads in the PJM region in the summer 

of 2012, from [50].  The demand curve used for this study represents the demand for a typical 

summer week in the Classic PJM region, and is shown in Figure 4. 
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Figure 4: Hourly Demand in Classic PJM - One-Week Sample 
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technologies [52]. However, the upcoming Trump Administration’s energy platform [53], [54] 

may shift the United States back towards coal thus avoiding potential transmission line upgrades 

needed for a bigger renewable portfolio [55].  Thus, the topic of potential transmission constraints 

is complicated, and will likely pan out in one of several outcomes as federal policy evolves, and is 

best subject to future studies as outlined in Chapter 6. 

Electric Vehicle Integration 

A significantly increased market penetration of electric vehicles will add additional electric 

demand onto the regional electric grid.  As described earlier, the level of market penetration by 

electric vehicles by 2030 is significantly difficult to predict, as price fluctuation in the price of oil, 

regulatory legislation, and increased affordability of electric vehicle technology are variable and 

uncertain.  However, this study first assumes a market penetration of 20%.  This figure seems 

optimistic considering the United States’ current EV market share of 0.7% [8], but predictions in 

the industry and other research on this topic have used figures similar to this [10], [33], [56].  This 

study also ran the analysis using a 50% market penetration and a 100% market penetration.  These 

market penetration represent a market of 12,723,142 cars in the Classic PJM region [57], broken 

down by state/territory in Table 1.  This figure includes both private and commercial automobiles, 

including taxicabs, but does not include buses and trucks. 
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Table 1: Passenger Cars in Classic PJM 

State Automobiles 

PA 5,637,973 

NJ 3,926,249 

MD 2,576,329 

DE 426,890 

DC 155,701 

Total 12,723,142 

 MP = 0.2 2,544,628 

 MP = 0.5 6,361,571 

 MP = 1.0 12,723,142 

  

The number of electric vehicles in the study is calculated by multiplying the market 

penetration of electric vehicles by the total number of vehicles, shown in Equation (2), where 𝑁𝐸𝑉 

is the number of electric vehicles, 𝑁𝑉 is the number of passenger vehicles, and 𝑀𝑃𝐸𝑉 is the 

predicted market penetration of electric vehicles. 

 𝑁𝐸𝑉 = 𝑁𝑉 ⋅ 𝑀𝑃𝐸𝑉 (2) 

 

In addition to market penetration, user driving trends for a typical week were taken into 

consideration.  Table 2 shows the average number of miles driven per day by drivers in the United 

States in 2013-2014 [7]. 
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Table 2: Weekly Driving Trends in the United States 

Day Miles Driven per Day 

Monday 30.1 

Tuesday 30.2 

Wednesday 32.0 

Thursday 32.9 

Friday 28.2 

Saturday 25.8 

Sunday 25.0 

 

The properties of typical long-range electric vehicles on the market today were used.  Some 

electric cars on the road today are limited-range, but this study assumes that by 2030, the long 

ranges seen in today’s high-end electric vehicles will be the standard.  The typical electric vehicle 

uses 0.32 kWh per mile [24].  This study assumes that electric vehicle owners will charge their 

vehicles at home, without spending money on extremely fast charging stations but instead using a 

standard 230V outlet or a custom auto manufacturer-supplied charging outlet that supplies power 

around the rate of 3.3 kW [10].  Faster charging stations are expensive for consumers to install so 

they typically appear in public where charging rates above 50 kW and 100 kW are not uncommon 

[13].  However, this study assumes that most charging will be done at home, in part because of the 

increasing battery capacities and driving ranges of electric vehicles that allow drivers to go a full 

day, and even multiple days, without recharging [2], [58].  These higher-capacity electric vehicles, 

currently on the market with Tesla [5], will become more prevalent with other manufacturers in 

the next decade [59].  

This study uses two extremes of the possible range of scenarios, and an intermed iate 

scenario, that would result from a sizable portion of vehicle owners plugging in their electric  
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vehicles at night.  The charge needed would only need to be enough to replenish energy used that 

day in driving, not a full 0% to 100% charge.  Both extremes assume a plug-in time of 8:00 pm 

and an unplug time of 9:00 am the following morning, based on user trends used in [10].  The first 

extreme, Scenario 1, has all users plug-in at 8:00 pm and begin charging at the maximum charging 

rate (3.3 kW) until charging is completed.  This scenario, that assumes absolutely no control of 

charging either from a centralized or decentralized algorithm, results in a large spike of demand 

from 8:00 pm until charging finishes for all vehicles, a few hours later.  The second extreme , 

Scenario 2, assumes that all users plug-in at 8:00 pm and the charging rate is lowered by a control 

algorithm so that charging finishes as the charging window closes at 9:00 am the next day.   

Scenario 2 effectively spreads the demand from EV charging across the 13-hour charging window.  

In reality, the effect of millions of drivers plugging in their electric vehicles at night would need a 

control algorithm described above in the second extreme scenario, but this control algorithm would 

not attain a perfectly flat demand load due to variances in individual users’ charging windows [22].  

Plug-in and unplug time would be distributed around a time in the evening and a time in the 

morning, respectively [60].  Scenario 3 models this more accurate EV demand profile, where 

demand increases and then decreases across the charging window. 

All of these factors were used to calculate hourly demand loads for the market penetration 

of electric vehicles in the Classic PJM region.  Equation (3) calculates the demand in a given hour, 

where 𝐷ℎ is the hourly demand in kWh, 𝑃𝑐ℎ𝑎𝑟𝑔𝑒 is the charge rate in kW, and 𝑁𝐸𝑉 is the number 

of electric vehicles in the Classic PJM region. 

 𝐷ℎ = 𝑃𝑐ℎ𝑎𝑟𝑔𝑒 ⋅ 𝑁𝐸𝑉 (3) 
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The hourly demand from electric vehicles, for all three scenarios, was then added to the 

rest of the demand in the electric grid.  The market penetration at which electric vehicle charging 

begins to have a sizable effect on regional grid demand can then be determined for each scenario. 
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Chapter 3  
 

Method 

A unit commitment model representing the Classic PJM grid region was constructed using 

the General Algebraic Modeling System (GAMS) Version 24.3.3 [47].  The mixed integer linear 

program was based off that used in [61].  The model includes the parameters described in the 

previous section for each of the 1,172 generators in the Classic PJM region: minimum output, ramp 

rate, startup fixed cost, minimum startup time, minimum shutdown time, nameplate capacity, fuel 

cost, variable cost, heat rate, fuel used on startup, and capacity factors for wind, solar, and hydro.  

Also included was the region’s demand taken from the 2012 data [50], as well as the demand from 

electric vehicle charging, as described in Chapter 2.  The Classic PJM regional demand for a 168-

hour week used in this analysis is shown in Figure 4 on page 10.  During the nighttime, demand 

falls as less electricity is used, and demand peaks during the day. 

A MATLAB model was created to model the hourly demand created by electric vehicles 

in Classic PJM in the future after a certain market penetration is reached.  The energy used per EV 

per day was calculated using Eqaution (4), where 𝐸𝐸𝑉  is the energy used each day by each EV, 𝜂 

is the efficiency (i.e. consumption rate) of each EV in kWh/mile, and 𝑑𝑑𝑎𝑦  is the daily driving 

distance that varies by day of the week. 

 𝐸𝐸𝑉 = 𝜂 ⋅ 𝑑𝑑𝑎𝑦  (4) 

 

 The number of electric vehicles in the region, calculated in Equation (2), is the factor by 

which the individual vehicle’s energy demand for each night is multiplied by to obtain total 
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regional energy usage for electric vehicles.  The deviation from the average daily driving distance 

depending on the day of the week, using values from Table 2, is also written into the model.   

The MATLAB program takes the energy of each day and recharges the electric vehicle 

completely, beginning at the plug-in time.  Scenario 1 has the vehicles charged at their maximum 

charging rate of 3.3 kW, resulting in the vehicles completing their recharging before unplug time.  

This results in a spike of demand each night that lasts approximately three hours, and is shown in 

Figure 5.  Scenario 2 lowers the charging rate so that the vehicles take the full 13 hours each night 

from 8:00 pm to 9:00 am to recharge.  This results in a much lower hourly energy demand, spread 

out across the charging window, and is shown in Figure 6.  Scenario 3 represents a realistic EV 

demand load curve, and has demand rising and falling across the charging window.  Scenario 3 is 

shown in Figure 7. 

 

 
Figure 5: EV Charging Demand in Scenario 1 

 

0

1,000,000

2,000,000

3,000,000

4,000,000

5,000,000

6,000,000

7,000,000

8,000,000

9,000,000

0 20 40 60 80 100 120 140 160 180

EV
 D

em
a

n
d

 (
kW

)

Time (hour)



18 

 
Figure 6: EV Charging Demand in Scenario 2 

 

 
Figure 7: EV Charging Demand in Scenario 3 
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generators and models the hourly dispatch profile using a set of equations.  These equations ensure 

that the constraints, including the ramping constraint, the minimum startup and shutdown times, 

and the capacity factors, are satisfied.  The individual hydro, wind, and solar generators were 

lumped as one generator in their respective categories to save computing resources.  This was 

possible because the parameters for all hydro, wind, and solar, respectively, were the same.  After 

aggregating hydro, wind, and solar generators, and removing inactive generators, the number of 

generators in the unit commitment model was reduced to 590.  The equation for total cost is the 

equation that GAMS is programmed to minimize, and is shown in Equation (5) where 𝑇𝐶 is the 

total cost, 𝑃𝑔,ℎ is the power generated by each generator 𝑔 in each hour ℎ, 𝑂𝐶𝑔,ℎ is the operating 

cost of each generator 𝑔 in each hour ℎ, 𝑆𝐹𝑔 is the startup fuel cost of each generator, 𝑣𝐺𝑒𝑛𝑔,ℎ  is 

a binary variable that indicates whether a generator 𝑔 is turned on in hour ℎ, 𝑆𝐹𝐶𝑔 is the startup 

fixed cost of each generator, 𝑐𝑁𝑠𝑒 is the cost of non-served energy, and 𝑣𝑁𝑠𝑒ℎ is the non-served 

energy in each hour ℎ. 

 𝑇𝐶 = ∑ [𝑃𝑔,ℎ ⋅ 𝑂𝐶𝑔,ℎ + 𝑆𝐹𝑔 ⋅ 𝑣𝐺𝑒𝑛𝑔 ,ℎ + 𝑆𝐹𝐶𝑔 ⋅ 𝑣𝐺𝑒𝑛𝑔,ℎ]
𝑔,ℎ

+ ∑ [𝑐𝑁𝑠𝑒 ⋅ 𝑣𝑁𝑠𝑒ℎ]
𝑔,ℎ

 

(5) 

 

GAMS minimized this total cost function subject to all of the other constraints, after which 

a set of results was outputted.  The hourly generation of each generator was reported, as was the 

total cost of the system (shown in Equation (5)), the hourly operating costs of each generator, the 

hourly variable cost, and the hourly marginal cost of generator dispatching.  
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Chapter 4  
 

Results and Discussion 

Scenario 0 (Control Scenario) 

The dispatch profile for the control scenario (Scenario 0), in which no EV demand was 

added to the grid demand, is shown in Figure 8.  The baseload demand scenario illustrates that the 

nuclear and hydro plants always remained on at full capacity due to cost advantages.  In addition, 

the next-least expensive generators, coal and gas, were only turned on when necessary and were 

kept on at their minimum generation level to avoid startup and shutdown costs.  The renewables 

also played a small role, remaining on when possible, due to minimal or no startup and shutdown 

costs.  The dispatch schedule never called on the expensive oil generators, because the demand 

never reached the level needed for oil. 

 

 
Figure 8: Scenario 0 Dispatch Schedule 
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Scenario 1 

Figure 9, Figure 10, and Figure 11 show the dispatch profiles in which all EV drivers began 

charging their EVs at the maximum rate at the beginning of the charging window (8:00 pm), where 

market penetration was 0.2, 0.5, and 1.0 respectively.  The large spikes in demand that forced the 

system to quickly call on generators are clearly visible.  While the demand was met by the unit 

commitment model in all three scenarios, Scenario 1 resulted in the most impractical dispatch 

schedule due to the high demand spikes, quick ramping, and high-priced generators needed to meet 

demand.  The impracticability of the uncontrolled charging scenario, with no control algorithm, 

manifests in the higher prices needed to meet demand, as discussed later in Table 3 on page 27.  

By the time EV market penetration reached 100%, the expensive oil generators were used 

considerably to meet demand spikes, resulting in an unreasonable and impractical cost for the 

week. 

 

 
Figure 9: Scenario 1 Dispatch Schedule, MP = 0.2 
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Figure 10: Scenario 1 Dispatch Schedule, MP = 0.5 

 

 
Figure 11: Scenario 1 Dispatch Schedule, MP = 1.0 
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Scenario 2 

Shown in Figure 12, Figure 13, and Figure 14 are the dispatch profiles in which EV demand 

from all customers was spread out over the 13-hour charging window, for EV market penetrations 

of 0.2, 0.5, and 1.0 respectively.  All three market penetrations avoided the high cost of using oil 

generators by eliminating the large demand spike, and by spreading out demand over the charging 

window.  However, for the market penetrations of 0.5 and 1.0, the quick ramping needed to supply 

the sudden increase in demand is clearly visible.  At the beginning of the 13-hour charging window, 

the EV charging demand rapidly increased while the grid still experienced relatively high demand 

at 8:00 pm.  This lead to 8:00 pm becoming the hour with the highest demand – thus, some of the 

more expensive generators needed to be dispatched. 

 

 
Figure 12: Scenario 2 Dispatch Schedule, MP = 0.2 
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Figure 13: Scenario 2 Dispatch Schedule, MP = 0.5 

 

 
Figure 14: Scenario 2 Dispatch Schedule, MP = 1.0 
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Scenario 3 

Scenario 3, in which EV demand was ramped up and down across the charging window, is 

shown in Figure 15, Figure 16, and Figure 17.  Again, the market penetration used were 0.2, 0.5, 

and 1.0 respectively.  Scenario 3 resulted in a much more practical dispatch schedule because the 

quick changes in demand level were avoided.  Thus, the unit commitment model found an optimal 

solution which avoided dispatching the more expensive plants much more easily than Scenario 1 

or 2.  The extra demand from the EVs were better shifted into the valleys in the grid demand curve.  

Even with a market penetration of 1.0, the unit commitment model avoided using the expensive 

oil plants altogether. 

 

 
Figure 15: Scenario 3 Dispatch Schedule, MP = 0.2 
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Figure 16: Scenario 3 Dispatch Schedule, MP = 0.5 

 

 
Figure 17: Scenario 3 Dispatch Schedule, MP = 1.0 
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Costs 

Table 3: Weekly Total Cost of Dispatch 

Scenario Total Cost ($) % Increase from 

Scenario 0 

% Decrease from 

Scenario 1 

MP = 0.0 

Scenario 0 $66,611,768.61 – – 

MP = 0.2 

Scenario 1 $71,497,598.38 7.33% – 

Scenario 2 $70,979,856.66 6.56% 0.72% 

Scenario 3 $70,961,736.02 6.53% 0.75% 

MP = 0.5 

Scenario 1 $80,957,244.84 21.54% – 

Scenario 2 $77,655,997.66 16.58% 4.08% 

Scenario 3 $77,580,935.95 16.47% 4.17% 

MP = 1.0 

Scenario 1 $207,480,139.90 211.48% – 

Scenario 2 $89,193,492.56 33.90% 57.01% 

Scenario 3 $88,936,866.21 33.52% 57.13% 

 

Table 3 shows a complete breakdown of the costs incurred by running the unit commitment 

model for a week of demand.  The Total Cost ($) column shows that with increasing market penetrations 

of electric vehicles, the cost rose.  This was expected because more power was needed in the grid as more 

EVs demanded electricity.  The % Increase from Scenario 0 column shows how much more each market 

penetration costed, over the baseload scenario with no EV demand.  This column is also broken down by 

scenario – the most expensive scenario was Scenario 1, followed by Scenario 2, and finally by Scenario 3.  

Spreading out demand via a control algorithm effectively reduced price substantially.  Not only that, but 

this price reduction got larger with increasing market penetrations.  The cost savings are further 
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explored in the % Decrease from Scenario 1.  Scenario 3 did a slightly better job than Scenario 2 

in reducing costs, and the overall savings when demand is spread increased when market 

penetration increased. 

The data in Table 3 is shown visually in Figure 18.  Again, the savings in cost are evident 

when using an effective control algorithm to spread EV demand throughout the night, especially 

for high market penetrations. 

 

 
Figure 18: Summary of Costs of All Scenarios and MPs  
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Chapter 5  
 

Conclusions 

The unit commitment model for the Classic PJM region confirmed that as the market 

penetration of electric vehicles rises, the demand for electricity increases, thus increasing the cost 

of generation.  Market penetrations of 0.2, 0.5, and 1.0 resulted in increased costs ranging from 

6.53% to 7.33%, 16.47% to 21.54%, and 33.52% to 211.48%, respectively, depending on the 

hourly EV demand profile.  The model also showed that a control algorithm that spreads out the 

hourly charging demand of the electric vehicles throughout the charging window can reduce the 

extra costs associated with widespread electric vehicle charging.  Specifically, the scenario in 

which all charging started at the beginning of the charging window and took place at the maximum 

charging rate (Scenario 1) resulted in the highest costs, because the more expensive generators 

needed to be dispatched to meet the quick demand spikes.  This was especially prevalent when 

electric vehicle market penetration was 100% and costs were 211.48% higher than the baseload 

with no EV charging.  The scenario in which demand was evenly spread out across the 13-hour 

charging window (Scenario 2) was the second most cost effective scenario, but resulted in quick, 

yet not as pronounced, spikes in demand at the beginning of the charging window.  Scenario 2 

reduced costs from Scenario 1 by 0.72%, 4.08%, and 57.01% for market penetrations of 0.2, 0.5, 

and 1.0, respectively.  Lastly, the scenario in which charging demand steadily increased and 

decreased across the charging window (Scenario 3) was the most cost-effective solution.  Scenario 

3 reduced costs from Scenario 1 by 0.75%, 4.17%, and 57.13% for market penetrations of 0.2, 0.5, 

and 1.0, respectively.  Fortunately, the real-world EV charging demand using a control algorithm 
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will likely resemble this scenario.  This study reiterates the need for control algorithms to spread 

demand as electric vehicle market penetration rises.  Doing so can significantly reduce cost by 

forgoing the need to dispatch the most expensive generators. 

This study, and similar studies like it, are necessary to predict future issues with increased 

electric vehicle usage in the coming decades.  Successful identification of regional grid 

infrastructure improvements needed to support this increased electricity demand will ensure a 

smooth transition from fossil-fueled powered vehicles to electric vehicles, with minimum 

interruption from the grid.  Although usage remains under one percent in 2016, the United States 

will lead the electric vehicle trend in the coming decades because we currently lead in the research 

and development of electric vehicles.  Adequate grid infrastructure and an EV charging control 

algorithm to ensure appropriate economic dispatch in a significantly altered daily demand load is 

necessary to support a sizeable increase in electric vehicle market penetration while minimizing 

cost increases. 
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Chapter 6  
 

Future Areas of Research 

A more accurate representation of the Classic PJM grid is attainable with the addition of 

the known transmission constraints present in the grid.  The Department of Energy has identified 

an easing of transmission congestion in the United States due to several trends: the economic 

recession of 2008-2009, implementation of energy efficiency measures, and transmiss ion 

infrastructure improvement [62].  However, before 2030, this trend may reverse with further 

economic recovery, increased use of electric vehicles, and a changing national energy policy post-

Obama Administration [53], [54].  The increased use of renewables may also affect transmiss ion 

congestion, as it is currently unclear in some areas who pays for new transmission interconnections 

for renewable energy projects [62].  As stated in an earlier chapter, including transmiss ion 

constraints into the unit commitment model would add another layer of complexity to the algebraic 

modelling system, and would require more computing power and time.  Thus, while an interesting 

and important next step, it would be best to continue this research in a later study.  More time will 

also serve to better predict the direction that the United States will take in its energy policy, thus 

allowing for a more accurate representation of future generating trends. 
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Appendix A 

 

GAMS Code for Unit Commitment Model 

The unit commitment model used for this study was adapted from the model created by 

Michael Craig in [61], and is included in this section. 

 

$TITLE UNIT COMMITMENT FOR PJM, NOV 8 2013, MICHAEL CRAIG 

 

*NO ZONAL CONSTRAINTS, TREAT ALL OF PJM AS ONE ZNE. BUT BECAUSE 

*ALSO RUN ERCOT MODEL WHICH HAS ZNES, MAINTAIN ZNE NOMENCLATURE FOR 

*SIMPLIFCATION OF CONVERTING MATLAB CODE TO HANDLE PJM. HERE, JUST 

*ASSUME THERE IS ONE ZNE AND NO TRANSMISSION CONSTRAINTS, SO SYNONYMOUS TO 

*ASSUMING NO ZNES. 

 

 

 

 

 

*Turn off output in .lst file 

*$offlisting 

*$offsymxref offsymlist 

option threads=4; 

 

*Set tolerance level 

option optcr = 1E-4; 

option reslim = 999999; 

 

Sets 

         egu                     "electric generating units - labelled ordinally" /1*590/ 

         h                       "hour of day" /1*168/ 

         zones                   "just 1 demand zone" /1/ 

                 ; 

 

alias(h,hh); 

 

*Set this to ERCOT price cap in 2005 of $1,000/MWh 

*ERCOT price cap in 2012: $4,500/MWh 

Scalar 

         scCnse                   "cost of non-served energy (thousands$/GWh), set to PJM price 

cap (see below)" 

         scNumplants              "number of plants. Valued later by looping through egu."    /0/ 

                 ; 

$ontext 

Parameters 

*UNIT COMMITMENT PARAMETERS 

         pMinload(egu)            "minimum load of EGU (GW)" 

 

         pRamprate(egu)           "ramprate of each EGU, assumed to be the same up & down 

(GW/hr)" 

         pStartupfixedcost(egu)   "start up cost for EGU (thousands$/GW)" 

         pMindowntime(egu)        "minimum down time for a power plant (hours)" 

         pMinuptime(egu)          "minimum up time for a power plant (hours)" 
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*Next parameters are entered as (h,egu) because that's how they are input from Matlab, with hour 

in 1st col & EGU in 2nd. 

         pCapac(egu)            "capacity of egu (GW)" 

         pOpcost(egu)           "plant operating cost (thousands$/GWh)" 

         pTurnonfuelcost(egu)   "cost of fuel to heat up boiler (thousands$)" 

*ZONAL PARAMETERS 

         pEguzones(egu)           "zone EGU is in, entered as array with egu in col 1 and egu's 

zone in col 2" 

         pDemand(h)         "demand for each zone" 

                 ; 

$offtext 

 

Parameter pGenresults(egu,h)       Generation output in MW; 

 

Parameter pCostresults(egu,h)      Total cost in $; 

 

Parameter pMarginalcost (h)       Marginal cost of the last unit; 

 

Parameter pVariablecost (egu)       Marginal cost of the last unit scheduled in hour D in $ per 

MW; 

 

 

*pEguzones(egu) = 1; 

 

$include pMinload.gms 

$include pRamprate.gms 

$include pStartupfixedcost.gms 

$include pMindowntime.gms 

$include pMinuptime.gms 

$include pCapac.gms 

$include pOpcost.gms 

$include pTurnonfuelcost.gms 

$include UnitCommitmentDemand.gms 

$include pEVdemand.gms 

$include pEVdemandSpread.gms 

$include pEVdemandRamp.gms 

$include pMustRun.gms 

*$include pMustOff.gms 

*$include pHydro.gms 

*$include pSolar.gms 

*$include pWind.gms 

$include pSolarGen.gms 

$include pWindGen.gms 

$include pThermal.gms 

 

Parameter       pSpinreserves(h)         "required hourly spinning reserves (GW)" ; 

pSpinreserves(h)=sum(zones,pDemand(h))*0.01; 

 

*Day-ahead offer cap in PJM in 2005 & 2012 was $1,000/MWh (see 2005 and 2012 

*PJM State of Market reports). Below numbers account for inflation, adjusting 

*both values to 2007 dollars. 

*CPI2012: 229.594. CPI2007: 207.342. CPI2005: 195.3. 

*First loop through egu set to determine number plants. Then set scCnse 

*based on number of generators, which we use as an indicator for the year we are in. 

*2012: 953 generator. 2005: 779 genreators. 

loop(egu, scNumplants=scNumplants+1); 

scCnse$(scNumplants<850)=1061; 

scCnse$(scNumplants>850)=903; 

 

Variables 

         vTotalcost               "total cost of power generation (thousands $)" 

                 ; 

 

Positive Variables 

         vGen(egu,h)              "power generation at plant egu at end of hour h (GW)" 

         vGenaboveminload(egu,h)  "power generation above minimum stable load (GW)" 

         vNse(h)                  "nonserved energy (GW)" 

*vTurnoffdecision is a binary variable, as it's forced to be binary by vTurnondecision and 

vOnoroff. Tested speed with 
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*vTurnoffdecision as a positive vs. binary variable on 3/12/13, and found it to be 18 seconds 

faster when it's a positive variable. 

         vTurnoffdecision(egu,h)  "indicates whether plant decides to turn off (1) or not (0) in 

hour h" 

                 ; 

 

Binary Variables 

         vTurnondecision(egu,h)   "indicates whether plant decides to turn on (1) or not (0) in 

hour h" 

         vOnoroff(egu,h)          "indicates whether plant is up (1) or down (0) in hour h)" 

                 ; 

 

Equations 

*Unit commitment equations 

         costfunc                                "define objective function to be minimized" 

         relationbwnGenAndGenabovemin(egu,h)     "establish relationship between Gen (total gen) 

and Genaboveminload (gen just above min stable load)" 

         demand(h)                               "must meet electric demand" 

         rampconstraintup(egu,h)                 "ramping up constraint of units" 

         rampconstraintdown(egu,h)               "ramping down constraint of units" 

         statusofplant(egu,h)                    "balance whether thermal plant is on or off with 

whether shutting down or starting up" 

         determineloadabovemin(egu,h)            "determine what each thermal unit's generation 

is above its minimum load. Constraints Genaboveminload to be between max and min capacity" 

         meetreserves(h)                         "meet hourly spinning reserve requirements" 

         enforcemindowntime(egu,h)               "make sure plant, once it turns off, doesn't 

turn back on before mindowntime passes" 

         enforceminuptime(egu,h)                 "make sure plant, once turns on, doesn't turn 

back off before minuptime passes" 

                  ; 

 

*Objective function: minimize total cost - includes operation & costs to turn on 

costfunc .. vTotalcost =e= sum((h),scCnse*vNse(h)) + sum((egu,h), 

                 vGen(egu,h)*pOpcost(egu) 

                 +pTurnonfuelcost(egu)*vTurnondecision(egu,h) 

                 +pStartupfixedcost(egu)*vTurnondecision(egu,h)); 

 

 

*Limit plant to not shut down until it reaches its min up time - see discussion below for 

*discussion of the constraints and formulation. 

enforceminuptime(egu,h) .. vOnoroff(egu,h) =g= sum(hh$[ORD(hh)<=ORD(h) and ORD(hh)>(ORD(h)-

pMinuptime(egu))],vTurnondecision(egu,hh)); 

*At hour h, onoroff if on =1. Then must be greater than sum of turnons during prior hours through 

minuptime. So can't turn on twice during that time. 

*Alternatively, if unit is off at t=h, then unit could not have turned on during prior period. 

Because if it did, then would have had 

*to turn off in that same period, thereby violating its minuptime. 

 

*Limit plant to not start up until it reaches its min down time 

enforcemindowntime(egu,h) .. 1-vOnoroff(egu,h) =g= sum(hh$[ORD(hh)<=ORD(h) and ORD(hh)>(ORD(h)-

pMindowntime(egu))],vTurnoffdecision(egu,hh)); 

*Variables: 1 - onoroff > turnoffdecision. Onoroff=1 when on. So unit can be on, onoroff=1, and 

greater than or equal to turnoffdecision 

*over hh when the plant has not turned off over the last hh hours (b/c turnoffdecision = 1 when 

unit turns off). 

*Basically, when it turns off, for next mindowntime-1 hours, turnoffdecision summed across hh 

will equal 1, 

*which means onoroff will always have to be 0, meaning plant will have to stay off. 

 

*Constrains status of plant per whether it's on/off, turning on, or shutting down 

statusofplant(egu,h) .. vOnoroff(egu,h) =e= vOnoroff(egu,h-1)$[ORD(h)>1]+vTurnondecision(egu,h)-

vTurnoffdecision(egu,h); 

*statusofplant(egu,h) .. vOnoroff(egu,h) =e= pOnoroffinitial(egu)$[ORD(h)=1]+vOnoroff(egu,h-

1)$[ORD(h)>1]+vTurnondecision(egu,h)-vTurnoffdecision(egu,h); 

 

*Constrain plants to generate below their max capacity (set at 85% of nameplate capacity for 

thermal units in Matlab input) 

relationbwnGenAndGenabovemin(egu,h).. vGen(egu,h) =e= 

vOnoroff(egu,h)*pMinload(egu)+vGenaboveminload(egu,h); 
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*Establish relationship between gen above min load, gen output, and min load 

determineloadabovemin(egu,h)$(pThermal(egu) ) .. vGenaboveminload(egu,h) =l= (pCapac(egu)-

pMinload(egu))*vOnoroff(egu,h); 

 

*Ensure plants are limited to their ramping speed 

rampconstraintup(egu,h)$((ORD(h)>1)$(pThermal(egu))) .. vGenaboveminload(egu,h)-

vGenaboveminload(egu,h-1) =l= pRamprate(egu) * pCapac(egu); 

rampconstraintdown(egu,h)$((ORD(h)>1)$(pThermal(egu))) .. vGenaboveminload(egu,h-1)-

vGenaboveminload(egu,h) =l= pRamprate(egu) * pCapac(egu); 

 

*Spinning reserve requirement: need enough spare capacity in units to meet reserve requirement 

meetreserves(h)  .. pSpinreserves(h) =l= sum(egu,vOnoroff(egu,h)*pCapac(egu)-vGen(egu,h)); 

 

*Supply = demand each hour system-wide and in each zone. When line is coming from a zone, it 

subtracts from that zone's 

*power generation. When line is arriving at a zone (i.e., when the zone is a line's sink), the 

line adds to that zone's generation. 

*Non-served energy is zonal here. 

demand(h).. sum(egu, vGen(egu,h)) + (vNse(h)) =e= (pDemand(h)+(0.001*pEVdemand (h))); 

 

**VARIABLE LIMITS** 

*Limit gen variable to max values (min taken care of through onoroff variable carried through 

minload & genaboveminload) 

vGen.up(egu,h)=pCapac(egu); 

 

* Set status for non-dispatchable units 

vOnoroff.fx(egu,h)$pMustRun(egu) = 1; 

*vOnoroff.fx(egu,h)$pMustOff(egu) = 0; 

*vGen.fx(egu,h)$pMustOff(egu) = 0; 

 

* Set generation levels for renewable sources 

vGen.fx('422',h) = pCapac('422')*0.6; 

vGen.fx('590',h) = pCapac('590')*pWindGen(h); 

vGen.fx('589',h) = pCapac('589')*pSolarGen(h); 

 

model unitcommitmentPJM /all/; 

solve unitcommitmentPJM using mip minimizing vTotalcost; 

 

pGenresults(egu,h) = vGen.l(egu,h); 

pCostresults(egu,h) = vGen.l(egu,h)*pOpcost(egu); 

pVariablecost(egu) = pOpcost(egu); 

pMarginalcost(h) = demand.m(h); 

 

display pDemand, vGen.l, demand.m, vOnoroff.l, vTotalcost.l, rampconstraintup.m, 

rampconstraintdown.m; 

 

 

 

FILE OUTFILE / 'ucGEN.put' /; 

 

PUT OUTFILE; 

 

OUTFILE.PW =2000; 

 

OUTFILE.PC = 6; 

 

 

 

* write column headers 

 

 

put 'Generation table' /;put '   '; 

 

loop (egu, put egu.TL ); 

 

put /; 
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* write body of generation table 

 

loop (egu, 

 

    put egu.TL loop (h, put pGenresults(egu,h))  put /; 

 

); 

 

put /; 

 

 

putclose OUTFILE; 

 

 

FILE OUTFILE2 / 'ucCOST.put' /; 

 

PUT OUTFILE2; 

 

OUTFILE2.PW =2000; 

 

OUTFILE2.PC = 6; 

 

 

 

put 'Total Cost ' vTotalcost.l /; 

 

put /; 

 

 

loop (egu, 

 

    put egu.TL loop (h, put pCostresults(egu,h))  put /; 

 

); 

 

put /; 

 

 

putclose OUTFILE2; 

 

 

* write variable cost vector 

 

 

FILE OUTFILE3 / 'ucVC.put' /; 

 

PUT OUTFILE3; 

 

OUTFILE3.PW =2000; 

 

OUTFILE3.PC = 6; 

 

 

loop (egu, 

 

    put egu.TL pVariablecost(egu) put /; 

 

); 

 

put /; 

 

 

putclose OUTFILE3; 

 

 

* write marginal cost vector 

 

 

FILE OUTFILE4 / 'ucMC.put' /; 
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PUT OUTFILE4; 

 

OUTFILE4.PW =2000; 

 

OUTFILE4.PC = 6; 

 

 

 

loop (h, 

 

    put h.TL pMarginalcost(h) put /; 

 

); 

 

 

 

 

putclose OUTFILE4; 
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Appendix B 

 

Table of Generators 

Table 4: Generator Properties 

OrisID Gen 
Fuel 

GenName
Capac 

GenHeat
Rate 

MinDown
Time 

MinUp
Time 

Ramp
Rate 

StartUp 
FixedCost 

StartUp

Fuel 
PlantMin

Output 
GenFuel 

CostOnly 
Gen 

VarOM 

10746 BIO  90 19.68 12 16 1 33 16.7 0.5 0 5 
50657 BIO  67.8 19.05 12 16 1 33 16.7 0.5 0 5 
10629 BIO  60.2 16.28 12 16 1 33 16.7 0.5 0 5 
54638 BIO  54 6.70 12 16 1 33 16.7 0.5 0 5 
54746 BIO  53.3 16.23 12 16 1 33 16.7 0.5 0 5 
50960 BIO  45 9.47 12 16 1 33 16.7 0.5 0 5 
50397 BIO  39.1 5.55 12 16 1 33 16.7 0.5 0 5 
50215 BIO  36.5 19.82 12 16 1 33 16.7 0.5 0 5 
50859 BIO  35.7 20.17 12 16 1 33 16.7 0.5 0 5 
10643 BIO  34.9 10.47 12 16 1 33 16.7 0.5 0 5 
10643 BIO  34.9 10.47 12 16 1 33 16.7 0.5 0 5 
58023 BIO  33 10.77 12 16 1 33 16.7 0.5 0 5 
54625 BIO  32.1 19.32 12 16 1 33 16.7 0.5 0 5 

7701 BIO  30 14.29 12 16 1 33 16.7 0.5 0 5 
7701 BIO  30 14.29 12 16 1 33 16.7 0.5 0 5 

10118 BIO  24.1 5.84 12 16 1 33 16.7 0.5 0 5 
50279 BIO  23.2 16.58 12 16 1 33 16.7 0.5 0 5 
10435 BIO  17.5 8.53 12 16 1 33 16.7 0.5 0 5 
10435 BIO  17.5 8.53 12 16 1 33 16.7 0.5 0 5 
50885 BIO  14 21.58 12 16 1 33 16.7 0.5 0 5 
10012 BIO  13.5 18.07 12 16 1 33 16.7 0.5 0 5 
10731 BIO  12.5 15.35 12 16 1 33 16.7 0.5 0 5 
58208 BIO  9.6 11.78 1 1 1 33 0 0.95 0 3 
58476 BIO  5.6 11.78 1 1 1 33 0 0.95 0 7 
58476 BIO  5.6 11.78 1 1 1 33 0 0.95 0 7 
56572 BIO  5.5 16.49 1 1 1 33 0 0.95 0 7 
56911 BIO  5.5 20.24 1 1 1 33 0 0.95 0 7 
56911 BIO  5.5 20.24 1 1 1 33 0 0.95 0 7 
55618 BIO  4.9 15.91 1 1 1 33 0 0.95 0 7 
55618 BIO  4.9 15.91 1 1 1 33 0 0.95 0 7 
50279 BIO  4.6 16.58 1 1 1 33 0 0.95 0 7 
50279 BIO  4.6 16.58 1 1 1 33 0 0.95 0 7 

10629 BIO  4.3 16.28 12 16 1 33 16.7 0.5 0 5 
55765 BIO  3.3 22.25 1 1 1 33 0 0.95 0 7 
55765 BIO  3.3 22.25 1 1 1 33 0 0.95 0 7 
55765 BIO  3.3 22.25 1 1 1 33 0 0.95 0 7 

7690 BIO  3 2.88 1 1 1 33 0 0.95 0 7 
7690 BIO  3 2.88 1 1 1 33 0 0.95 0 7 

50578 BIO  3 17.18 1 1 1 33 0 0.95 0 7 
55074 BIO  3 11.34 1 1 1 33 0 0.95 0 3 
55074 BIO  3 11.34 1 1 1 33 0 0.95 0 3 
55142 BIO  3 10.87 1 1 1 33 0 0.95 0 3 
55142 BIO  3 10.87 1 1 1 33 0 0.95 0 3 
55142 BIO  3 10.87 1 1 1 33 0 0.95 0 3 
57848 BIO  2 11.78 1 1 1 33 0 0.95 0 3 

3118 COAL 936 9.15 12 16 0.6 33 16.7 0.25 2.4 3 
3118 COAL 936 9.37 12 16 0.6 33 16.7 0.25 2.4 3 
3136 COAL 936 9.41 12 16 0.6 33 16.7 0.25 2.4 3 
3136 COAL 936 9.51 12 16 0.6 33 16.7 0.25 2.4 3 
6094 COAL 913.7 9.31 12 16 0.6 33 16.7 0.25 2.4 3 
6094 COAL 913.7 8.73 12 16 0.6 33 16.7 0.25 2.4 3 
6094 COAL 913.7 9.27 12 16 0.6 33 16.7 0.25 2.4 3 
3149 COAL 819 9.27 12 16 0.6 33 16.7 0.25 2.4 3 
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OrisID Gen 

Fuel 
GenName

Capac 

GenHeat
Rate 

MinDown
Time 

MinUp
Time 

Ramp
Rate 

StartUp 
FixedCost 

StartUp

Fuel 
PlantMin

Output 
GenFuel 

CostOnly 
Gen 

VarOM 
3149 COAL 805.5 8.95 12 16 0.6 33 16.7 0.25 2.4 3 
3140 COAL 790.4 9.22 12 16 0.6 33 16.7 0.25 2.4 3 
3122 COAL 692 8.99 12 16 0.6 33 16.7 0.25 2.4 3 

602 COAL 685 10.74 12 16 0.6 33 16.7 0.25 2.4 3 
602 COAL 685 9.62 12 16 0.6 33 16.7 0.25 2.4 3 

3122 COAL 660 9.39 12 16 0.6 33 16.7 0.25 2.4 3 
3122 COAL 660 9.61 12 16 0.6 33 16.7 0.25 2.4 3 
2403 COAL 659.7 11.76 12 16 0.6 33 16.7 0.25 2.4 3 
8226 COAL 637 9.77 12 16 0.6 33 16.7 0.25 2.4 3 
1573 COAL 626 9.03 12 16 0.6 33 16.7 0.25 2.4 3 
1573 COAL 626 9.29 12 16 0.6 33 16.7 0.25 2.4 3 
3130 COAL 585 11.16 12 16 0.6 33 16.7 0.25 2.4 3 
3179 COAL 576 9.36 12 16 0.6 33 16.7 0.25 2.4 3 
3179 COAL 576 9.36 12 16 0.6 33 16.7 0.25 2.4 3 
3179 COAL 576 9.46 12 16 0.6 33 16.7 0.25 2.4 3 

594 COAL 445.5 9.37 12 16 0.6 33 16.7 0.25 2.4 3 
3140 COAL 405 9.11 12 16 0.6 33 16.7 0.25 2.4 3 
1571 COAL 364 10.95 12 16 0.6 33 16.7 0.25 2.4 3 
1571 COAL 364 10.51 12 16 0.6 33 16.7 0.25 2.4 3 
3140 COAL 363.3 8.82 12 16 0.6 33 16.7 0.25 2.4 3 
1554 COAL 359 9.53 12 16 0.6 33 16.7 0.25 2.4 3 
2408 COAL 326.4 13.29 12 16 0.6 33 16.7 0.25 2.4 3 
2408 COAL 326.4 14.17 12 16 0.6 33 16.7 0.25 2.4 3 
3181 COAL 299.2 12.53 12 16 0.6 33 16.7 0.25 2.4 3 

10566 COAL 285 8.55 12 16 0.6 33 16.7 0.25 2.4 3 
3113 COAL 255 10.31 12 16 0.6 33 16.7 0.25 2.4 3 

10043 COAL 242.3 9.37 12 16 0.6 33 16.7 0.25 2.4 3 
10678 COAL 229 11.57 12 16 0.6 33 16.7 0.25 2.4 3 

1552 COAL 209.4 13.51 12 16 0.6 33 16.7 0.25 2.4 3 

1572 COAL 196 9.77 12 16 0.6 33 16.7 0.25 2.4 3 
1572 COAL 196 9.44 12 16 0.6 33 16.7 0.25 2.4 3 
1572 COAL 196 9.47 12 16 0.6 33 16.7 0.25 2.4 3 
1552 COAL 190.4 13.14 12 16 0.6 33 16.7 0.25 2.4 3 
3131 COAL 188 12.61 12 16 0.6 33 16.7 0.25 2.4 3 
3131 COAL 188 10.28 12 16 0.6 33 16.7 0.25 2.4 3 

594 COAL 176.8 10.44 12 16 0.6 33 16.7 0.25 2.4 3 
3113 COAL 172 9.87 12 16 0.6 33 16.7 0.25 2.4 3 
2378 COAL 163.2 10.62 12 16 0.6 33 16.7 0.25 2.4 3 
3152 COAL 156.2 13.17 12 16 0.6 33 16.7 0.25 2.4 3 
1554 COAL 136 15.90 12 16 0.6 33 16.7 0.25 2.4 3 
2378 COAL 136 12.09 12 16 0.6 33 16.7 0.25 2.4 3 
3138 COAL 136 11.55 12 16 0.6 33 16.7 0.25 2.4 3 
3131 COAL 125 11.59 12 16 0.6 33 16.7 0.25 2.4 3 
3131 COAL 125 11.26 12 16 0.6 33 16.7 0.25 2.4 3 

10143 COAL 118 10.58 12 16 0.6 33 16.7 0.25 2.4 3 
50888 COAL 114.1 10.39 12 16 0.6 33 16.7 0.25 2.4 3 

3138 COAL 114 10.34 12 16 0.6 33 16.7 0.25 2.4 3 
10676 COAL 114 8.85 12 16 0.6 33 16.7 0.25 2.4 3 

3152 COAL 103.5 13.17 12 16 0.6 33 16.7 0.25 2.4 3 
54634 COAL 99.2 13.81 12 16 0.6 33 16.7 0.25 2.4 3 

3138 COAL 98 10.51 12 16 0.6 33 16.7 0.25 2.4 3 
10641 COAL 98 11.90 12 16 0.6 33 16.7 0.25 2.4 3 
50974 COAL 94.7 11.06 12 16 0.6 33 16.7 0.25 2.4 3 
50776 COAL 94 10.18 12 16 0.6 33 16.7 0.25 2.4 3 

3152 COAL 89.1 13.17 12 16 0.6 33 16.7 0.25 2.4 3 
3152 COAL 89.1 13.17 12 16 0.6 33 16.7 0.25 2.4 3 

10113 COAL 88.4 5.74 12 16 0.6 33 16.7 0.25 2.4 3 
3115 COAL 75 12.19 12 16 0.6 33 16.7 0.25 2.4 3 
3115 COAL 75 12.26 12 16 0.6 33 16.7 0.25 2.4 3 
3115 COAL 75 12.38 12 16 0.6 33 16.7 0.25 2.4 3 

50039 COAL 59 13.37 12 16 0.6 33 16.7 0.25 2.4 3 
10603 COAL 57.6 13.09 12 16 0.6 33 16.7 0.25 2.4 3 
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OrisID Gen 

Fuel 
GenName

Capac 

GenHeat
Rate 

MinDown
Time 

MinUp
Time 

Ramp
Rate 

StartUp 
FixedCost 

StartUp

Fuel 
PlantMin

Output 
GenFuel 

CostOnly 
Gen 

VarOM 
50879 COAL 48 13.75 12 16 0.6 33 16.7 0.25 2.4 3 
10343 COAL 47.3 16.19 12 16 0.6 33 16.7 0.25 2.4 3 
50397 COAL 45.9 5.55 12 16 0.6 33 16.7 0.25 2.4 3 
54144 COAL 36.2 12.06 12 16 0.6 33 16.7 0.25 2.4 3 
50611 COAL 36 13.80 12 16 0.6 33 16.7 0.25 2.4 3 
10676 COAL 35 8.85 12 16 0.6 33 16.7 0.25 2.4 3 
10030 COAL 18 13.97 12 16 0.6 33 16.7 0.25 2.4 3 

3149 COAL 17.2 9.39 12 16 0.6 33 16.7 0.25 2.4 3 
50397 COAL 7.5 5.55 12 16 0.6 33 16.7 0.25 2.4 3 
57944 COAL 6.2 11.22 12 16 0.6 33 16.7 0.25 2.4 3 
57944 COAL 6.2 11.22 12 16 0.6 33 16.7 0.25 2.4 3 
50397 COAL 6 5.55 12 16 0.6 33 16.7 0.25 2.4 3 
50397 COAL 5.1 5.55 12 16 0.6 33 16.7 0.25 2.4 3 
58194 COAL 3.5 11.22 12 16 0.6 33 16.7 0.25 2.4 3 
58194 COAL 2.5 11.22 12 16 0.6 33 16.7 0.25 2.4 3 

3148 GAS 850.5 62.40 12 16 1 33 16.7 0.3 3.4 3 
3148 GAS 850.5 109.97 12 16 1 33 16.7 0.3 3.4 3 

593 GAS 446 12.24 12 16 1 33 16.7 0.3 3.4 3 
55976 GAS 361 7.34 8 12 1 12.5 2.5 0.5 3.4 2.5 
55239 GAS 330 7.36 8 12 1 12.5 2.5 0.5 3.4 2.5 

2398 GAS 325.2 7.82 8 12 1 12.5 2.5 0.5 3.4 2.5 
55516 GAS 317.1 7.76 8 12 1 12.5 2.5 0.5 3.4 2.5 

2406 GAS 315 7.43 8 12 1 12.5 2.5 0.5 3.4 2.5 
2406 GAS 315 7.43 8 12 1 12.5 2.5 0.5 3.4 2.5 

55801 GAS 271.5 9.13 8 12 1 12.5 2.5 0.5 3.4 2.5 
55298 GAS 271.2 7.18 8 12 1 12.5 2.5 0.5 3.4 2.5 
55298 GAS 271.2 7.18 8 12 1 12.5 2.5 0.5 3.4 2.5 
55337 GAS 259.2 11.35 8 12 1 12.5 2.5 0.5 3.4 2.5 
55337 GAS 259.2 11.46 8 12 1 12.5 2.5 0.5 3.4 2.5 

55337 GAS 259.2 7.66 8 12 1 12.5 2.5 0.5 3.4 2.5 
2398 GAS 258.4 7.82 8 12 1 12.5 2.5 0.5 3.4 2.5 

55193 GAS 250 6.81 8 12 1 12.5 2.5 0.5 3.4 2.5 
55193 GAS 250 6.78 8 12 1 12.5 2.5 0.5 3.4 2.5 
55231 GAS 242 7.33 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 230 8.33 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 230 8.33 8 12 1 12.5 2.5 0.5 3.4 2.5 
55667 GAS 228.6 7.38 8 12 1 12.5 2.5 0.5 3.4 2.5 
55193 GAS 228 7.19 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 212.5 6.58 8 12 1 12.5 2.5 0.5 3.4 2.5 
55239 GAS 212 10.74 8 12 1 12.5 2.5 0.5 3.4 2.5 
55239 GAS 212 10.79 8 12 1 12.5 2.5 0.5 3.4 2.5 
55239 GAS 212 10.92 8 12 1 12.5 2.5 0.5 3.4 2.5 
55667 GAS 211.5 7.58 8 12 1 12.5 2.5 0.5 3.4 2.5 
55667 GAS 211.5 7.16 8 12 1 12.5 2.5 0.5 3.4 2.5 

7153 GAS 200 8.36 8 12 1 12.5 2.5 0.5 3.4 2.5 
55524 GAS 200 12.58 8 12 1 12.5 2.5 0.5 3.4 2.5 

7835 GAS 198.9 9.41 1 1 1 12.5 0 0 3.4 7 
7835 GAS 198.9 9.37 1 1 1 12.5 0 0 3.4 7 
7835 GAS 198.9 9.49 1 1 1 12.5 0 0 3.4 7 

55298 GAS 198.9 6.99 8 12 1 12.5 2.5 0.5 3.4 2.5 
55298 GAS 198.9 6.83 8 12 1 12.5 2.5 0.5 3.4 2.5 
55298 GAS 198.9 6.92 8 12 1 12.5 2.5 0.5 3.4 2.5 
55298 GAS 198.9 7.04 8 12 1 12.5 2.5 0.5 3.4 2.5 

7153 GAS 195 8.36 8 12 1 12.5 2.5 0.5 3.4 2.5 
1556 GAS 192 11.12 1 1 1 12.5 0 0 3.4 7 

55938 GAS 191.5 9.69 1 1 1 12.5 0 0 3.4 7 
55938 GAS 191.5 9.67 1 1 1 12.5 0 0 3.4 7 
55801 GAS 188.2 11.02 8 12 1 12.5 2.5 0.5 3.4 2.5 
55801 GAS 188.2 11.16 8 12 1 12.5 2.5 0.5 3.4 2.5 
55801 GAS 188.2 10.60 8 12 1 12.5 2.5 0.5 3.4 2.5 
55710 GAS 188 7.41 8 12 1 12.5 2.5 0.5 3.4 2.5 
55231 GAS 186 10.43 8 12 1 12.5 2.5 0.5 3.4 2.5 
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55231 GAS 186 10.34 8 12 1 12.5 2.5 0.5 3.4 2.5 
55710 GAS 184 10.66 8 12 1 12.5 2.5 0.5 3.4 2.5 
55710 GAS 184 10.38 8 12 1 12.5 2.5 0.5 3.4 2.5 

2398 GAS 183.6 11.89 8 12 1 12.5 2.5 0.5 3.4 2.5 
2398 GAS 183.6 11.24 8 12 1 12.5 2.5 0.5 3.4 2.5 
2406 GAS 181.4 11.13 8 12 1 12.5 2.5 0.5 3.4 2.5 
2406 GAS 181.4 11.13 8 12 1 12.5 2.5 0.5 3.4 2.5 
2406 GAS 181.4 10.81 8 12 1 12.5 2.5 0.5 3.4 2.5 
2406 GAS 181.4 11.11 8 12 1 12.5 2.5 0.5 3.4 2.5 

55976 GAS 179 10.82 8 12 1 12.5 2.5 0.5 3.4 2.5 
55976 GAS 179 10.81 8 12 1 12.5 2.5 0.5 3.4 2.5 
55976 GAS 179 10.80 8 12 1 12.5 2.5 0.5 3.4 2.5 

7835 GAS 175.9 9.35 1 1 1 12.5 0 0 3.4 7 
55347 GAS 172 9.75 1 1 1 12.5 0 0 3.4 7 
55347 GAS 172 9.69 1 1 1 12.5 0 0 3.4 7 
55347 GAS 172 9.94 1 1 1 12.5 0 0 3.4 7 
55347 GAS 172 10.02 1 1 1 12.5 0 0 3.4 7 
55516 GAS 163.5 7.14 8 12 1 12.5 2.5 0.5 3.4 2.5 
55516 GAS 163.5 7.19 8 12 1 12.5 2.5 0.5 3.4 2.5 

1572 GAS 163 9.64 1 1 1 12.5 0 0 3.4 7 
1572 GAS 163 8.29 1 1 1 12.5 0 0 3.4 7 
2393 GAS 161 10.34 1 1 1 12.5 0 0 3.4 7 
3096 GAS 144 31.19 8 12 1 12.5 2.5 0.5 3.4 2.5 
7153 GAS 144 11.57 8 12 1 12.5 2.5 0.5 3.4 2.5 
7153 GAS 144 11.56 8 12 1 12.5 2.5 0.5 3.4 2.5 
7153 GAS 144 11.59 8 12 1 12.5 2.5 0.5 3.4 2.5 

10308 GAS 143.4 8.16 8 12 1 12.5 2.5 0.5 3.4 2.5 
10308 GAS 143.4 8.22 8 12 1 12.5 2.5 0.5 3.4 2.5 
10308 GAS 143.4 8.52 8 12 1 12.5 2.5 0.5 3.4 2.5 

55690 GAS 140 7.57 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 140 7.68 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 140 7.72 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 140 7.76 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 140 7.96 8 12 1 12.5 2.5 0.5 3.4 2.5 
55690 GAS 140 7.92 8 12 1 12.5 2.5 0.5 3.4 2.5 

1559 GAS 135 15.50 1 1 1 12.5 0 0 3.4 7 
2393 GAS 135 34.20 8 12 1 12.5 2.5 0.5 3.4 2.5 

54785 GAS 135 12.27 8 12 1 12.5 2.5 0.5 3.4 2.5 
1554 GAS 132.8 17.55 12 16 1 33 16.7 0.3 3.4 4 
5083 GAS 131.8 12.55 1 1 1 12.5 0 0 3.4 7 
2411 GAS 126.5 17.56 12 16 1 33 16.7 0.3 3.4 4 
7153 GAS 122 12.31 8 12 1 12.5 2.5 0.5 3.4 2.5 
7153 GAS 122 12.02 8 12 1 12.5 2.5 0.5 3.4 2.5 
7153 GAS 122 11.96 8 12 1 12.5 2.5 0.5 3.4 2.5 
1560 GAS 121.5 14.83 1 1 1 12.5 0 0 3.4 7 

55524 GAS 120 12.58 8 12 1 12.5 2.5 0.5 3.4 2.5 
55524 GAS 120 12.58 8 12 1 12.5 2.5 0.5 3.4 2.5 
55524 GAS 120 12.58 8 12 1 12.5 2.5 0.5 3.4 2.5 

599 GAS 113.6 11.93 12 16 1 33 16.7 0.3 3.4 4 
7288 GAS 112.8 11.74 1 1 1 12.5 0 0 3.4 7 
2398 GAS 112.5 11.17 8 12 1 12.5 2.5 0.5 3.4 2.5 
2398 GAS 112.5 11.01 8 12 1 12.5 2.5 0.5 3.4 2.5 
2398 GAS 112.5 12.24 8 12 1 12.5 2.5 0.5 3.4 2.5 
2398 GAS 112.5 12.01 8 12 1 12.5 2.5 0.5 3.4 2.5 
2411 GAS 110.7 13.54 12 16 1 33 16.7 0.3 3.4 4 
2411 GAS 107.5 14.56 12 16 1 33 16.7 0.3 3.4 4 
2411 GAS 107.5 17.84 12 16 1 33 16.7 0.3 3.4 4 
1553 GAS 103.5 13.52 12 16 1 33 16.7 0.3 3.4 4 
5083 GAS 99.4 6.52 1 1 1 12.5 0 0 3.4 7 
2406 GAS 96.1 11.42 1 1 1 12.5 0 0 3.4 7 
2406 GAS 96.1 12.14 1 1 1 12.5 0 0 3.4 7 
2406 GAS 96.1 10.40 1 1 1 12.5 0 0 3.4 7 
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2406 GAS 96.1 10.24 1 1 1 12.5 0 0 3.4 7 

10751 GAS 95.2 8.35 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.91 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.87 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.85 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.87 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.82 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.35 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.35 8 12 1 12.5 2.5 0.5 3.4 2.5 
50006 GAS 95.2 6.35 8 12 1 12.5 2.5 0.5 3.4 2.5 

2401 GAS 93.6 8.61 1 1 1 12.5 0 0 3.4 7 
10099 GAS 92.1 8.20 8 12 1 12.5 2.5 0.5 3.4 2.5 
52193 GAS 92 21.12 1 1 1 12.5 0 0 3.4 7 
52193 GAS 92 21.12 1 1 1 12.5 0 0 3.4 7 
50561 GAS 90 9.84 8 12 1 12.5 2.5 0.5 3.4 2.5 
50561 GAS 90 9.69 8 12 1 12.5 2.5 0.5 3.4 2.5 

2384 GAS 81.6 11.46 12 16 1 33 16.7 0.3 3.4 5 
52193 GAS 75 21.12 12 16 1 33 16.7 0.3 3.4 5 

2384 GAS 73.5 10.67 12 16 1 33 16.7 0.3 3.4 5 
1559 GAS 72.2 13.97 12 16 1 33 16.7 0.3 3.4 5 
2434 GAS 68.2 8.35 1 1 1 12.5 0 0 3.4 7 
3096 GAS 65.3 28.36 8 12 1 12.5 2.5 0.5 3.4 2.5 
3096 GAS 65.3 23.35 8 12 1 12.5 2.5 0.5 3.4 2.5 
3096 GAS 65.3 18.82 8 12 1 12.5 2.5 0.5 3.4 2.5 

10751 GAS 61.8 8.66 8 12 1 12.5 2.5 0.5 3.4 2.5 
50497 GAS 61.4 4.46 8 12 1 12.5 2.5 0.5 3.4 2.5 

2399 GAS 60.5 8.15 1 1 1 12.5 0 0 3.4 7 
2399 GAS 60.5 8.29 1 1 1 12.5 0 0 3.4 7 
2399 GAS 60.5 8.48 1 1 1 12.5 0 0 3.4 7 

2399 GAS 60.5 10.03 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 7.88 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.23 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.09 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.24 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.30 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.20 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.30 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 10.00 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.63 1 1 1 12.5 0 0 3.4 7 
2404 GAS 60.5 8.86 1 1 1 12.5 0 0 3.4 7 

50279 GAS 60.5 8.75 1 1 1 12.5 0 0 3.4 7 
50852 GAS 59 9.65 8 12 1 12.5 2.5 0.5 3.4 2.5 
55233 GAS 58.9 10.27 1 1 1 12.5 0 0 3.4 7 
55233 GAS 58.9 10.27 1 1 1 12.5 0 0 3.4 7 
55233 GAS 58.9 10.27 1 1 1 12.5 0 0 3.4 7 
55233 GAS 58.9 10.27 1 1 1 12.5 0 0 3.4 7 
55233 GAS 58.9 10.27 1 1 1 12.5 0 0 3.4 7 
50385 GAS 58 8.54 8 12 1 12.5 2.5 0.5 3.4 2.5 
50385 GAS 58 8.86 8 12 1 12.5 2.5 0.5 3.4 2.5 
54785 GAS 57.6 5.71 8 12 1 12.5 2.5 0.5 3.4 2.5 

2393 GAS 54 13.61 8 12 1 12.5 2.5 0.5 3.4 2.5 
2393 GAS 54 13.48 8 12 1 12.5 2.5 0.5 3.4 2.5 
2393 GAS 54 13.98 8 12 1 12.5 2.5 0.5 3.4 2.5 
2393 GAS 54 13.32 8 12 1 12.5 2.5 0.5 3.4 2.5 
2390 GAS 53 16.13 1 1 1 12.5 0 0 3.4 7 
2390 GAS 53 21.90 1 1 1 12.5 0 0 3.4 7 
2390 GAS 53 15.09 1 1 1 12.5 0 0 3.4 7 
7962 GAS 51 10.08 1 1 1 12.5 0 0 3.4 7 

10030 GAS 50 8.39 1 1 1 12.5 0 0 3.4 7 
10030 GAS 50 8.02 1 1 1 12.5 0 0 3.4 7 

3176 GAS 49.9 15.88 8 12 1 12.5 2.5 0.5 3.4 2.5 
3176 GAS 48 7.74 8 12 1 12.5 2.5 0.5 3.4 2.5 
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3176 GAS 48 7.70 8 12 1 12.5 2.5 0.5 3.4 2.5 

50799 GAS 45.9 9.44 8 12 1 12.5 2.5 0.5 3.4 2.5 
50799 GAS 45.9 8.11 8 12 1 12.5 2.5 0.5 3.4 2.5 

7318 GAS 45.1 12.56 1 1 1 12.5 0 0 3.4 7 
7962 GAS 45 7.84 1 1 1 12.5 0 0 3.4 7 

50561 GAS 45 7.45 8 12 1 12.5 2.5 0.5 3.4 2.5 
56397 GAS 44 10.94 1 1 1 12.5 0 0 3.4 7 
55196 GAS 43.8 8.49 1 1 1 12.5 0 0 3.4 7 
55196 GAS 43.8 8.60 1 1 1 12.5 0 0 3.4 7 
55377 GAS 43.8 8.75 1 1 1 12.5 0 0 3.4 7 
55377 GAS 43.8 8.68 1 1 1 12.5 0 0 3.4 7 
55654 GAS 43.8 10.25 1 1 1 12.5 0 0 3.4 7 
55654 GAS 43.8 10.25 1 1 1 12.5 0 0 3.4 7 
50497 GAS 43.4 12.28 8 12 1 12.5 2.5 0.5 3.4 2.5 
50497 GAS 43.4 12.13 8 12 1 12.5 2.5 0.5 3.4 2.5 
50497 GAS 43.4 12.69 8 12 1 12.5 2.5 0.5 3.4 2.5 
10099 GAS 42.4 7.90 8 12 1 12.5 2.5 0.5 3.4 2.5 

2379 GAS 41.9 37.79 1 1 1 12.5 0 0 3.4 7 
2379 GAS 41.9 51.40 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.22 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.19 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.24 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.25 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.22 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.27 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.22 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.29 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.21 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.28 1 1 1 12.5 0 0 3.4 7 

2400 GAS 41.8 15.29 1 1 1 12.5 0 0 3.4 7 
2400 GAS 41.8 15.26 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.17 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.20 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 15.99 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 15.99 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.07 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.00 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.19 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.06 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.00 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.04 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.05 1 1 1 12.5 0 0 3.4 7 
2401 GAS 41.8 16.11 1 1 1 12.5 0 0 3.4 7 

50385 GAS 40 7.58 8 12 1 12.5 2.5 0.5 3.4 2.5 
7138 GAS 38.4 16.70 1 1 1 12.5 0 0 3.4 7 
7138 GAS 38.4 11.78 1 1 1 12.5 0 0 3.4 7 

52193 GAS 27.5 21.12 12 16 1 33 16.7 0.3 3.4 5 
52193 GAS 27.5 21.12 12 16 1 33 16.7 0.3 3.4 5 
50732 GAS 25 9.81 12 16 1 33 16.7 0.3 3.4 5 
50732 GAS 25 9.81 12 16 1 33 16.7 0.3 3.4 5 

2393 GAS 24 34.20 1 1 1 12.5 0 0 3.4 7 
2393 GAS 24 34.20 1 1 1 12.5 0 0 3.4 7 
2393 GAS 24 34.20 1 1 1 12.5 0 0 3.4 7 
2393 GAS 24 34.20 1 1 1 12.5 0 0 3.4 7 
3120 GAS 24 21.59 1 1 1 12.5 0 0 3.4 7 

50852 GAS 24 8.50 8 12 1 12.5 2.5 0.5 3.4 2.5 
3148 GAS 22.3 11.88 1 1 1 12.5 0 0 3.4 7 
3148 GAS 22.3 11.88 1 1 1 12.5 0 0 3.4 7 
3148 GAS 22.3 11.88 1 1 1 12.5 0 0 3.4 7 
3148 GAS 22.3 11.88 1 1 1 12.5 0 0 3.4 7 

56668 GAS 22 11.98 1 1 1 12.5 0 0 3.4 7 
50799 GAS 21.6 8.12 8 12 1 12.5 2.5 0.5 3.4 2.5 
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50799 GAS 21.6 8.12 8 12 1 12.5 2.5 0.5 3.4 2.5 

8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 20 24.23 1 1 1 12.5 0 0 3.4 7 
8227 GAS 19.6 24.23 1 1 1 12.5 0 0 3.4 7 

599 GAS 18.8 11.91 12 16 1 33 16.7 0.3 3.4 5 
599 GAS 18.8 11.91 12 16 1 33 16.7 0.3 3.4 5 

2398 GAS 18.6 7.82 1 1 1 12.5 0 0 3.4 7 
2404 GAS 18.5 10.05 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 
1555 GAS 18 17.07 1 1 1 12.5 0 0 3.4 7 

50729 GAS 10 7.28 12 16 1 33 16.7 0.3 3.4 5 
52193 GAS 10 21.12 12 16 1 33 16.7 0.3 3.4 5 
54693 GAS 9.5 10.97 8 12 1 12.5 2.5 0.5 3.4 2.5 
54693 GAS 9.5 10.97 8 12 1 12.5 2.5 0.5 3.4 2.5 
54693 GAS 8.3 10.97 8 12 1 12.5 2.5 0.5 3.4 2.5 
54693 GAS 8.3 10.97 8 12 1 12.5 2.5 0.5 3.4 2.5 
54693 GAS 8.3 10.97 8 12 1 12.5 2.5 0.5 3.4 2.5 
54693 GAS 8.3 10.97 8 12 1 12.5 2.5 0.5 3.4 2.5 

58442 GAS 7.8 12.58 1 1 1 12.5 0 0 3.4 7 
58195 GAS 7 12.58 1 1 1 12.5 0 0 3.4 7 
58165 GAS 6.2 12.58 1 1 1 12.5 0 0.95 3.4 3 
10129 GAS 6.1 9.59 1 1 1 12.5 0 0.95 3.4 3 
10129 GAS 6.1 9.59 1 1 1 12.5 0 0.95 3.4 3 
10129 GAS 6.1 9.59 1 1 1 12.5 0 0.95 3.4 3 
10129 GAS 6.1 9.59 1 1 1 12.5 0 0.95 3.4 3 
50094 GAS 6 5.70 1 1 1 12.5 0 0.95 3.4 3 
55997 GAS 6 8.87 1 1 1 12.5 0 0.95 3.4 3 
55997 GAS 6 8.87 1 1 1 12.5 0 0.95 3.4 3 
55997 GAS 6 8.87 1 1 1 12.5 0 0.95 3.4 3 
55997 GAS 6 8.87 1 1 1 12.5 0 0.95 3.4 3 
58433 GAS 5.8 12.58 1 1 1 12.5 0 0 3.4 0 
58207 GAS 5.7 12.58 1 1 1 12.5 0 0.95 3.4 3 
57788 GAS 5.4 12.58 1 1 1 12.5 0 0 3.4 7 
57788 GAS 5.4 12.58 1 1 1 12.5 0 0 3.4 7 
58207 GAS 4.3 12.58 1 1 1 12.5 0 0 3.4 7 
58207 GAS 4.3 12.58 1 1 1 12.5 0 0 3.4 7 
58207 GAS 4.3 12.58 1 1 1 12.5 0 0 3.4 7 
58207 GAS 4.3 12.58 1 1 1 12.5 0 0 3.4 7 
54707 GAS 4.1 5.82 1 1 1 12.5 0 0 3.4 7 

7397 GAS 3.2 10.05 1 1 1 12.5 0 0.95 3.4 3 
58110 GAS 3.1 12.58 1 1 1 12.5 0 0 3.4 0 

7397 GAS 2 10.05 1 1 1 12.5 0 0.95 3.4 3 
7397 GAS 2 10.05 1 1 1 12.5 0 0.95 3.4 3 

56701 GAS 2 9.94 1 1 1 12.5 0 0.95 3.4 3 
56701 GAS 2 9.94 1 1 1 12.5 0 0.95 3.4 3 
56701 GAS 2 9.94 1 1 1 12.5 0 0.95 3.4 3 
56701 GAS 2 9.94 1 1 1 12.5 0 0.95 3.4 3 

HYDRO
AGG 

HYD-
RO 

3339.5 0.00 1 1 1 0 0 0 0 0 

6103 NUC 1298 0.00 24 24 0.1 74 7.4 0.95 0 0 
6103 NUC 1298 0.00 24 24 0.1 74 7.4 0.95 0 0 
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6118 NUC 1290.7 0.00 24 24 0.1 74 7.4 0.95 0 0 
2410 NUC 1170 60.10 24 24 0.1 74 7.4 0.95 0 0 
2410 NUC 1170 60.10 24 24 0.1 74 7.4 0.95 0 0 
3166 NUC 1159.7 0.00 24 24 0.1 74 7.4 0.95 0 0 
3166 NUC 1159.7 0.00 24 24 0.1 74 7.4 0.95 0 0 
6105 NUC 1138.5 0.00 24 24 0.1 74 7.4 0.95 0 0 
6105 NUC 1138.5 0.00 24 24 0.1 74 7.4 0.95 0 0 
8011 NUC 975.6 0.00 24 24 0.1 74 7.4 0.95 0 0 
6040 NUC 923.4 0.00 24 24 0.1 74 7.4 0.95 0 0 
6040 NUC 923.4 0.00 24 24 0.1 74 7.4 0.95 0 0 
6011 NUC 918 0.00 24 24 0.1 74 7.4 0.95 0 0 
6011 NUC 910.7 0.00 24 24 0.1 74 7.4 0.95 0 0 
2388 NUC 550 0.00 24 24 0.1 74 7.4 0.95 0 0 
1571 OIL 659 17.22 12 16 0.3 33 16.7 0.25 12.6 3 
1571 OIL 659 16.27 12 16 0.3 33 16.7 0.25 12.6 3 
1554 OIL 414.7 56.18 12 16 0.3 33 16.7 0.25 12.6 3 
3161 OIL 391 98.49 12 16 0.3 33 16.7 0.25 12.6 3 
3161 OIL 391 78.09 12 16 0.3 33 16.7 0.25 12.6 3 
2378 OIL 176.4 12.88 12 16 0.3 33 16.7 0.25 12.6 4 
1564 OIL 162 13.10 12 16 0.3 33 16.7 0.25 12.6 4 
3113 OIL 156 10.19 1 1 1 12.5 0 0 12.6 7 
1571 OIL 125 11.22 1 1 1 12.5 0 0 12.6 7 
1571 OIL 125 11.74 1 1 1 12.5 0 0 12.6 7 
2408 OIL 115.2 19.66 1 1 1 12.5 0 0 12.6 7 
2411 OIL 115.2 22.71 1 1 1 12.5 0 0 12.6 7 
1571 OIL 103 11.98 1 1 1 12.5 0 0 12.6 7 
1571 OIL 103 12.63 1 1 1 12.5 0 0 12.6 7 
1571 OIL 94 10.82 1 1 1 12.5 0 0 12.6 7 
3181 OIL 74.7 10.98 12 16 0.3 33 16.7 0.25 12.6 5 

8012 OIL 68.3 11.24 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 10.64 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 9.67 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 10.13 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 13.24 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 9.83 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 9.08 1 1 1 12.5 0 0 12.6 7 
8012 OIL 68.3 9.71 1 1 1 12.5 0 0 12.6 7 
3168 OIL 65.8 9.05 1 1 1 12.5 0 0 12.6 7 
3168 OIL 65.8 9.23 1 1 1 12.5 0 0 12.6 7 
1573 OIL 65 12.76 1 1 1 12.5 0 0 12.6 7 
1573 OIL 65 12.87 1 1 1 12.5 0 0 12.6 7 
1573 OIL 65 9.49 1 1 1 12.5 0 0 12.6 7 
1573 OIL 65 10.90 1 1 1 12.5 0 0 12.6 7 
1556 OIL 53.1 12.84 1 1 1 12.5 0 0 12.6 7 
1556 OIL 53.1 16.67 1 1 1 12.5 0 0 12.6 7 
1556 OIL 53.1 14.18 1 1 1 12.5 0 0 12.6 7 
1556 OIL 53.1 16.63 1 1 1 12.5 0 0 12.6 7 
3132 OIL 53.1 17.25 1 1 1 12.5 0 0 12.6 7 
2385 OIL 53 17.41 1 1 1 12.5 0 0 12.6 7 
2385 OIL 53 15.37 1 1 1 12.5 0 0 12.6 7 
2385 OIL 53 16.23 1 1 1 12.5 0 0 12.6 7 
2385 OIL 53 17.33 1 1 1 12.5 0 0 12.6 7 
2390 OIL 53 18.57 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.92 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.95 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.41 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.96 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.95 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.92 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.96 1 1 1 12.5 0 0 12.6 7 
2399 OIL 41.8 16.79 1 1 1 12.5 0 0 12.6 7 
2410 OIL 41.8 21.36 1 1 1 12.5 0 0 12.6 7 
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1571 OIL 35 7.36 1 1 1 12.5 0 0 12.6 7 
3111 OIL 27 14.60 1 1 1 12.5 0 0 12.6 7 
3111 OIL 27 15.06 1 1 1 12.5 0 0 12.6 7 
3112 OIL 27 20.96 1 1 1 12.5 0 0 12.6 7 
6776 OIL 27 13.69 1 1 1 12.5 0 0 12.6 7 
3096 OIL 25.5 31.19 1 1 1 12.5 0 0 12.6 7 
1559 OIL 25 8.67 1 1 1 12.5 0 0 12.6 7 
1559 OIL 25 8.67 1 1 1 12.5 0 0 12.6 7 
3160 OIL 21.2 14.98 1 1 1 12.5 0 0 12.6 7 
3161 OIL 21.2 13.65 1 1 1 12.5 0 0 12.6 7 
3161 OIL 21.2 13.65 1 1 1 12.5 0 0 12.6 7 
3162 OIL 21.2 229.43 1 1 1 12.5 0 0 12.6 7 
3162 OIL 21.2 229.43 1 1 1 12.5 0 0 12.6 7 
3162 OIL 21.2 229.43 1 1 1 12.5 0 0 12.6 7 
3163 OIL 21.2 13.94 1 1 1 12.5 0 0 12.6 7 
3163 OIL 21.2 13.94 1 1 1 12.5 0 0 12.6 7 
3163 OIL 21.2 13.94 1 1 1 12.5 0 0 12.6 7 
3169 OIL 21.2 15.41 1 1 1 12.5 0 0 12.6 7 
1557 OIL 20.7 16.41 1 1 1 12.5 0 0 12.6 7 
1557 OIL 20.7 16.41 1 1 1 12.5 0 0 12.6 7 
1557 OIL 20.7 16.41 1 1 1 12.5 0 0 12.6 7 
1557 OIL 20.7 16.41 1 1 1 12.5 0 0 12.6 7 
3110 OIL 20 32.09 1 1 1 12.5 0 0 12.6 7 
3110 OIL 20 32.09 1 1 1 12.5 0 0 12.6 7 
3110 OIL 20 32.09 1 1 1 12.5 0 0 12.6 7 
3113 OIL 20 9.93 1 1 1 12.5 0 0 12.6 7 
3114 OIL 20 36.08 1 1 1 12.5 0 0 12.6 7 
3109 OIL 19.6 38.13 1 1 1 12.5 0 0 12.6 7 

594 OIL 18.6 9.75 1 1 1 12.5 0 0 12.6 7 

1564 OIL 18.6 16.72 1 1 1 12.5 0 0 12.6 7 
3157 OIL 18.6 15.59 1 1 1 12.5 0 0 12.6 7 
3157 OIL 18.6 15.59 1 1 1 12.5 0 0 12.6 7 
3157 OIL 18.6 15.59 1 1 1 12.5 0 0 12.6 7 
3160 OIL 18.6 14.98 1 1 1 12.5 0 0 12.6 7 
3160 OIL 18.6 14.98 1 1 1 12.5 0 0 12.6 7 
3160 OIL 18.6 14.98 1 1 1 12.5 0 0 12.6 7 
3161 OIL 18.6 13.65 1 1 1 12.5 0 0 12.6 7 
3161 OIL 18.6 13.65 1 1 1 12.5 0 0 12.6 7 
3169 OIL 18.6 29.49 1 1 1 12.5 0 0 12.6 7 
3170 OIL 18.6 13.53 1 1 1 12.5 0 0 12.6 7 
3170 OIL 18.6 13.53 1 1 1 12.5 0 0 12.6 7 
3170 OIL 18.6 13.53 1 1 1 12.5 0 0 12.6 7 
3170 OIL 18.6 13.53 1 1 1 12.5 0 0 12.6 7 
2399 OIL 18.5 9.51 1 1 1 12.5 0 0 12.6 7 
2409 OIL 18.5 31.19 1 1 1 12.5 0 0 12.6 7 
3142 OIL 18.5 14.24 1 1 1 12.5 0 0 12.6 7 
3142 OIL 18.5 14.24 1 1 1 12.5 0 0 12.6 7 
3147 OIL 18.5 14.44 1 1 1 12.5 0 0 12.6 7 
3154 OIL 18.5 14.06 1 1 1 12.5 0 0 12.6 7 
3154 OIL 18.5 14.06 1 1 1 12.5 0 0 12.6 7 
1573 OIL 18 9.24 1 1 1 12.5 0 0 12.6 7 
1573 OIL 18 9.24 1 1 1 12.5 0 0 12.6 7 
3113 OIL 18 9.93 1 1 1 12.5 0 0 12.6 7 
3115 OIL 18 10.11 1 1 1 12.5 0 0 12.6 7 
3115 OIL 18 10.11 1 1 1 12.5 0 0 12.6 7 

50628 OIL 18 16.88 1 1 1 33 16.7 0.95 12.6 0 
1552 OIL 16 10.96 1 1 1 12.5 0 0 12.6 7 
1554 OIL 16 10.07 1 1 1 12.5 0 0 12.6 7 
1571 OIL 16 10.82 1 1 1 12.5 0 0 12.6 7 
1572 OIL 16 9.73 1 1 1 12.5 0 0 12.6 7 
3139 OIL 16 16.10 1 1 1 12.5 0 0 12.6 7 
3139 OIL 16 16.10 1 1 1 12.5 0 0 12.6 7 
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3139 OIL 16 16.10 1 1 1 12.5 0 0 12.6 7 
3139 OIL 16 16.10 1 1 1 12.5 0 0 12.6 7 
3143 OIL 16 16.60 1 1 1 12.5 0 0 12.6 7 
3143 OIL 16 16.60 1 1 1 12.5 0 0 12.6 7 
3143 OIL 16 16.60 1 1 1 12.5 0 0 12.6 7 
3143 OIL 16 16.60 1 1 1 12.5 0 0 12.6 7 
3144 OIL 16 16.41 1 1 1 12.5 0 0 12.6 7 
3144 OIL 16 16.41 1 1 1 12.5 0 0 12.6 7 
3146 OIL 16 16.03 1 1 1 12.5 0 0 12.6 7 
3146 OIL 16 16.03 1 1 1 12.5 0 0 12.6 7 
3155 OIL 16 17.13 1 1 1 12.5 0 0 12.6 7 
3155 OIL 16 17.13 1 1 1 12.5 0 0 12.6 7 
4257 OIL 6.3 44.41 1 1 1 33 0 0.95 12.6 3 
4257 OIL 6.3 44.41 1 1 1 33 0 0.95 12.6 3 
4257 OIL 6.2 44.41 1 1 1 33 0 0.95 12.6 3 
4257 OIL 6.2 44.41 1 1 1 33 0 0.95 12.6 3 
1580 OIL 5.6 23.21 1 1 1 33 0 0.95 12.6 3 
1580 OIL 5.6 23.21 1 1 1 33 0 0.95 12.6 3 
4257 OIL 5.4 44.41 1 1 1 12.5 0 0 12.6 7 
4257 OIL 5.4 44.41 1 1 1 12.5 0 0 12.6 7 
1580 OIL 4.1 23.21 1 1 1 33 0 0.95 12.6 3 
1580 OIL 3.8 23.21 1 1 1 33 0 0.95 12.6 3 
1580 OIL 3.5 23.21 1 1 1 33 0 0.95 12.6 3 
3138 OIL 3.2 11.33 1 1 1 33 0 0.95 12.6 3 
1580 OIL 3 23.21 1 1 1 33 0 0.95 12.6 3 
3136 OIL 3 9.48 1 1 1 33 0 0.95 12.6 3 
3136 OIL 3 9.48 1 1 1 33 0 0.95 12.6 3 
3136 OIL 3 9.48 1 1 1 33 0 0.95 12.6 3 
3136 OIL 3 9.48 1 1 1 33 0 0.95 12.6 3 

1580 OIL 2.5 23.21 1 1 1 33 0 0.95 12.6 3 
1580 OIL 2.5 23.21 1 1 1 33 0 0.95 12.6 3 
6565 OIL 2.5 13.64 1 1 1 33 0 0.95 12.6 3 
2378 OIL 2 10.82 1 1 1 33 0 0.95 12.6 3 
2378 OIL 2 10.82 1 1 1 33 0 0.95 12.6 3 
2378 OIL 2 10.82 1 1 1 33 0 0.95 12.6 3 
2378 OIL 2 10.82 1 1 1 33 0 0.95 12.6 3 

58172 OIL 2 19.37 1 1 1 33 0 0.95 12.6 3 
58172 OIL 2 19.37 1 1 1 33 0 0.95 12.6 3 
58172 OIL 2 19.37 1 1 1 33 0 0.95 12.6 3 
56294 OTHER 11.2 9.76 1 1 1 33 16.7 0.95 0 0 

SOLAGG SOL 325.9 0.00 1 1 1 0 0 0 0 0 
WIND 
AGG 

WND 1473.6 0.00 1 1 1 0 0 0 0 0 
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Appendix C 

 

MATLAB Code for EV Demand 

The MATLAB code used to generate an EV demand profile is included in this section.  The code 

included was used to generate Scenario 1, with a market penetration of 0.2.  The code was modified 

to generate the EV demand for Scenario 2 and 3, and for market penetrations of 0.5 and 1.0. 

 

clear, close all 

  
cars=12723142; 
MP=0.2; 
ev=MP*cars;     %number of EVs 
  

plugin = 20;   %plug in time (8:00 pm) 
unplug = 9;    %unplug time  (9:00 am) 

  

charge_rate = 3.3;   %[kW] 
  

  
%%%%%%%%%%%%Adjustments for Day and Season%%%%%%%%%%%%%%%%%% 
dAvgDay    = 29.17143; 
dMonday    = dAvgDay*(30.1/dAvgDay);  %[miles/day] 
dTuesday   = dAvgDay*(30.2/dAvgDay);  %[miles/day] 
dWednesday = dAvgDay*(32.0/dAvgDay);  %[miles/day] 
dThursday  = dAvgDay*(32.9/dAvgDay);  %[miles/day] 
dFriday    = dAvgDay*(28.2/dAvgDay);  %[miles/day] 
dSaturday  = dAvgDay*(25.8/dAvgDay);  %[miles/day] 
dSunday    = dAvgDay*(25.0/dAvgDay);  %[miles/day] 

  
dAvgQ  = 29.075; 
dQ1    = dAvgQ*(25.7/dAvgQ);  %[miles/day] Jan - March 
dQ2    = dAvgQ*(29.9/dAvgQ);  %[miles/day] April - June 
dQ3    = dAvgQ*(30.6/dAvgQ);  %[miles/day] July - Sept 
dQ4    = dAvgQ*(30.1/dAvgQ);  %[miles/day] Oct - Dec 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

%%%%%%%%%%%%%%%%%%%%Electricity Used in a Day%%%%%%%%%%%%%% 
c_rate = 0.2*(1/0.621371);   %[kWh/mile] Consumption Rate 

  
AvgDay    = dAvgDay*c_rate; 
Monday    = dMonday*c_rate;  %[kWh/day] 
Tuesday   = dTuesday*c_rate;  %[kWh/day] 
Wednesday = dWednesday*c_rate;  %[kWh/day] 
Thursday  = dThursday*c_rate;  %[kWh/day] 
Friday    = dFriday*c_rate;  %[kWh/day] 
Saturday  = dSaturday*c_rate;  %[kWh/day] 
Sunday    = dSunday*c_rate;  %[kWh/day] 
  

AvgQ  = dAvgQ*c_rate; 
Q1    = dQ1*c_rate;  %[kWh/day] Jan - March 
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Q2    = dQ2*c_rate;  %[KWh/day] April - June 
Q3    = dQ3*c_rate;  %[kWh/day] July - Sept 
Q4    = dQ4*c_rate;  %[kWh/day] Oct - Dec 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
demand = zeros(1,168); 

  
for i = 1:1:168 
    hour(i) = i; 
    if i <= unplug 
        demand(i) = charge_rate*ev; 
    else if i >= plugin && i <= (unplug+24) 
        if Monday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Monday > 0 && Monday < charge_rate 
            demand(i) = Monday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Monday = Monday - charge_rate; 
    else if i >= (plugin+24) && i <= (unplug+48) 
        if Tuesday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Tuesday > 0 && Tuesday < charge_rate 
            demand(i) = Tuesday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Tuesday = Tuesday - charge_rate; 
    else if i >= (plugin+48) && i <= (unplug+72) 
        if Wednesday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Wednesday > 0 && Wednesday < charge_rate 
            demand(i) = Wednesday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Wednesday = Wednesday - charge_rate; 
    else if i >= (plugin+72) && i <= (unplug+96) 
        if Thursday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Thursday > 0 && Thursday < charge_rate 
            demand(i) = Thursday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Thursday = Thursday - charge_rate;     
    else if i >= (plugin+96) && i <= (unplug+120) 
        if Friday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Friday > 0 && Friday < charge_rate 
            demand(i) = Friday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Friday = Friday - charge_rate;     
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    else if i >= (plugin+120) && i <= (unplug+144) 
        if Saturday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Saturday > 0 && Saturday < charge_rate 
            demand(i) = Saturday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Saturday = Saturday - charge_rate; 
    else if i >= (plugin+144) 
        if Sunday >= charge_rate 
            demand(i) = charge_rate*ev; 
        else if Sunday > 0 && Sunday < charge_rate 
            demand(i) = Sunday*ev; 
        else  
            demand(i) = 0; 
            end 
        end 
        Sunday = Sunday - charge_rate; 
    else 
        demand(i) = 0; 

     

     
        end 
        end 
        end 
        end 
        end 
        end 
        end 
    end 
end 

  
for j = 1:1:unplug 
    hour(j) = j; 
    if j <= unplug 
        if Sunday >= charge_rate 
            demand(j) = charge_rate*ev; 
        else if Sunday > 0 && Sunday < charge_rate 
            demand(j) = Sunday*ev; 
        else 
            demand(j) = 0; 
            end 
        end 
        Sunday = Sunday - charge_rate; 
    end 
end 
  

h1 = figure(1); 
set(h1,'Name','LatVel') 
p1=plot(hour,demand); 
axis([0 168 (-1*10^6) (9*10^6)]) 
xlabel('Time (hour)'); ylabel('EV Demand (kW)'); 
ax=gca; 
ax.XTick = 0:24:168; 
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