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The Eastern Interconnection study evaluates the demands and supply for electricity in the region over the next 20 to 40 years. One aspect of the projected demand is the amount of electricity required for plug-in electric vehicles (PEVs) over this time period. PEVs include both Plug-in Hybrid Electric Vehicles (PHEVs) and Electric-only Vehicles (EVs). Not only the quantity of electricity is needed, but the regional specificity and the timing of that demand is required. This involves some allocation of existing projections and judgments on the hourly timing.
The study is predicated on the total electricity demand growth from the Annual Energy Outlook 2011 conducted by the Energy Information Administration. Their NEMS model projects PEV demands for each of the nine U.S. Census regions for eight different classes of PEVs, four each for cars and light trucks: 
100 Mile Electric Vehicles, 
200 Mile Electric Vehicles, 
Plug-in 10 Gasoline Hybrid, and 
Plug-in 40 Gasoline Hybrid

Figure 1 below shows the stock of vehicles by type over time in the AEO2011 reference case. The early growth is in 100-mi PEV cars (such as the Nissan Leaf) and 40-mi PHEV cars (such as the Chevy Volt). Later in the scenario, 10-mile vehicles begin to penetrate the market.
[image: ]
Rather than attempt to model the characteristics of each category, we chose to consolidate all of the types of vehicles. We then needed to allocate this fleet to the different regions, and then states. The AEO2011 only provides annual sales data for each census region, not the total inventory of vehicles on the road. Total inventory should reflect the cumulative sales of vehicles in each region, so by summing the sales from the 2008 to the year of interest for each region, we can find the percentage of cumulative sales that occurred in each region. Applying those percentages to the national stock estimate creates a regional breakdown of the stock of alternative vehicles. Figure 2 shows this allocation. South Atlantic region has the largest total number of vehicles, but it also represents the largest region for total vehicles, including the states from Delaware to Florida.
[image: ]
These regions can next be disaggregated into the individual state totals. The proxy used was the number of light-duty vehicle registrations by state in 2008, from the U.S. Census Bureau. The amount of PEVs within each region (Fig. 2) were allocated to each state within that region based on this census amount. Table 1 shows the consequent number of vehicles.


Table 1. Projected PEV Stock by State
	State
	Region
	2008 Total Vehicles 
	2015
	2020
	2025
	2030
	2035

	Alaska 
	Pacific
	243 
	0
	1
	3
	5
	8

	Alabama 
	ESCentral
	2,220 
	4
	10
	21
	40
	61

	Arizona 
	Mountain
	2,235 
	10
	24
	48
	87
	134

	Arkansas
	WSCentral
	957 
	2
	6
	13
	24
	37

	California 
	Pacific
	19,919 
	34
	101
	232
	435
	670

	Colorado 
	Mountain
	735 
	3
	8
	16
	29
	44

	Connecticut 
	NewEngland
	2,018 
	3
	8
	20
	40
	62

	Delaware
	SouthAtlantic
	462 
	1
	3
	7
	14
	21

	Dist of Columbia
	SouthAtlantic
	171 
	0
	1
	3
	5
	8

	Florida 
	SouthAtlantic
	8,180 
	21
	60
	132
	245
	379

	Georgia 
	SouthAtlantic
	4,260 
	11
	31
	69
	128
	197

	Hawaii 
	Pacific
	488 
	1
	2
	6
	11
	16

	Idaho 
	Mountain
	535 
	2
	6
	11
	21
	32

	Illinois
	ENCentral
	5,780 
	12
	33
	73
	133
	199

	Indiana 
	ENCentral
	3,136 
	7
	18
	39
	72
	108

	Iowa 
	WNCentral
	1,798 
	4
	10
	20
	35
	52

	Kansas
	WNCentral
	884 
	2
	5
	10
	17
	25

	Kentucky
	ESCentral
	1,973 
	3
	9
	19
	35
	54

	Louisiana 
	WSCentral
	1,957 
	5
	12
	26
	49
	76

	Maine 
	NewEngland
	562 
	1
	2
	6
	11
	17

	Maryland 
	SouthAtlantic
	2,651 
	7
	19
	43
	80
	123

	Massachusetts
	NewEngland
	3,236 
	4
	13
	33
	64
	99

	Michigan
	ENCentral
	4,388 
	9
	25
	55
	101
	151

	Minnesota 
	WNCentral
	2,544 
	5
	14
	28
	49
	73

	Mississippi 
	ESCentral
	1,155 
	2
	5
	11
	21
	32

	Missouri 
	WNCentral
	2,621 
	6
	14
	29
	51
	75

	Montana
	Mountain
	376 
	2
	4
	8
	15
	22

	Nebraska 
	WNCentral
	817 
	2
	5
	9
	16
	23

	Nevada 
	Mountain
	699 
	3
	8
	15
	27
	42

	New Hampshire
	NewEngland
	650 
	1
	3
	7
	13
	20

	New Jersey
	MidAtlantic
	3,827 
	7
	19
	44
	83
	126

	New Mexico 
	Mountain
	692 
	3
	7
	15
	27
	41

	New York
	MidAtlantic
	8,576 
	15
	42
	98
	185
	283

	North Carolina 
	SouthAtlantic
	3,572 
	9
	26
	58
	107
	165

	North Dakota 
	WNCentral
	347 
	1
	2
	4
	7
	10

	Ohio 
	ENCentral
	6,413 
	14
	36
	81
	147
	221

	Oklahoma 
	WSCentral
	1,654 
	4
	10
	22
	41
	64

	Oregon 
	Pacific
	1,463 
	3
	7
	17
	32
	49

	Pennsylvania
	MidAtlantic
	6,086 
	11
	30
	70
	131
	201

	Rhode Island 
	NewEngland
	491 
	1
	2
	5
	10
	15

	South Carolina 
	SouthAtlantic
	1,997 
	5
	15
	32
	60
	92

	South Dakota 
	WNCentral
	347 
	1
	2
	4
	7
	10

	Tennessee 
	ESCentral
	2,834 
	5
	12
	27
	51
	77

	Texas 
	WSCentral
	8,831 
	21
	53
	116
	219
	342

	Utah
	Mountain
	1,192 
	5
	13
	26
	46
	71

	Vermont
	NewEngland
	307 
	0
	1
	3
	6
	9

	Virginia 
	SouthAtlantic
	3,881 
	10
	28
	63
	116
	180

	Washington 
	Pacific
	3,299 
	6
	17
	38
	72
	111

	West Virginia 
	SouthAtlantic
	700 
	2
	5
	11
	21
	32

	Wisconsin
	ENCentral
	2,659 
	6
	15
	33
	61
	91

	Wyoming 
	Mountain
	261 
	1
	3
	6
	10
	16

	Total
	
	
	295
	802
	1783
	3310
	5070



Next, the state values must be assigned to the NEEM regions used in the transmission study. For the most part, states as a whole can be approximately allocated within a single region. Some states though, can be better approximated by splitting their vehicle count into the different NEEM regions they cover. For this exercise, the following states were allocated to multiple regions.
Table 2. State Assignments to Multiple NEEM Regions
	State
	NEEM Region

	Alabama
	75% SOCO, 25% TVA

	California
	50% NP15, 50% SPI5

	Illinois
	50% PJM_ROR, 50% MISO_MO-IL

	Mississippi
	33% ENT, 33% SOCO, 33% TVA

	Missouri
	33% ENT, 33% MISO_MO-Il, 33% SPP_N

	New York
	40.5% NYISO_A-F, 12.5% NYISO_G-I, 47% NYISO_J-K (Based on 2011 Electricity Demand in Table 2 of Google Doc)



Since the AEO does not cover Canada, we assumed that Ontario would have a similar ratio of PEVs to total electricity demand as New York and that MAPP_CA would have a similar ratio to that of MAPP_US. This allowed us to calculate the total number of PEVs in the Eastern Interconnect. In the AEO, this totaled to 3.7 million by 2035.

Table 3. Total PEVs in the Eastern Interconnect in the AEO2011 (BAU) (thousands)
	
	2015
	2020
	2025
	2030
	2035

	Total PEVs
	220
	590
	1320
	2460
	3750



The other key factors needed are the amount and timing of electricity needed by these vehicles. Over the past three years, Oak Ridge National Laboratory, Sentech LLC, the Ohio State Center for Automotive Research, and ___ conducted a study on the value propositions involved in PHEVs. As part of this project, we created a set of representative driving patterns for a PHEV using a combination of EPA-defined trips that combined would total roughly 15,000 miles/year. 
In these study, different battery sizes were evaluated to determine consequent driving ranges and charging requirements. For the Eastern Interconnect study, the battery size and charging for a 40-mile PHEV was used to represent the collection of vehicles shown in Figure 1. It is a large component of the market and between the 100-mile EV and 10-mile PHEV. Furthermore, the driving patterns for most days do not over-tax the 40 mile battery so it should show a similar charging requirement as the 100-mile EV.
A timing pattern of these charging was developed and consequent electricity demands calculated. It was assumed that 90% of the vehicles charge at Level 2 (240 volt, 30 amp) and 10% charge at level 1 (120 volt, 15 amp). Inverter efficiencies, power factor, and T&D losses all play a role in how much electricity is demanded from the grid. The hourly charging requirements were then entered into a model that includes the hourly electricity demand for utilities across the country.
In this analysis, 20% of vehicles plugged in at work in the morning. Either 10% or 50% of vehicles (depending on the case being run) plugged in upon return home between 5 and 7 pm. On Monday, Wednesday, and Friday all vehicles carried out a short errand in the evening. On weekends, all vehicles had trips that utilized the full battery, with 20% charging on Saturday night as well as Sunday night.
The resulting weekly charging pattern for the two scenarios for 1 million vehicles are shown in Figures 3 and 4 below.
[image: ]
[image: ]
These patterns must be applied to the twenty load blocks utilized by the NEEM model to represent demand. CRA provided their schedule of the synchronous loads for all of the Eastern Interconnection for the year 2011. The weekly patterns were then matched to these hourly loads and rearranged to match the hours for the different load blocks. For those regions in the Central time zone, their PEV charging patterns were delayed one hour to signify that their demands will come one hour later. This moves their early evening hour charging later than the absolute peaks of the day and so have less impact on peak demands.
[image: ]
[image: ]
Because the PEV peak occurs in the 6pm-7pm hour, with roughly half that demand in the 5pm-6pm hour, the PEVs are only charging in a few of the hours in Block 1, the highest 10 hours of the year. As a consequence, the average impact during that block is only 217 MW/million vehicles. The peak demand requirement for the NEEM model is based on the highest demand during the peak period. Rather than use the average for Block 1, the peak demand addition for the high peaking PEVs is 1084 MW/million vehicles.
These load block demands were multiplied by the projected number of vehicles in each region to get the electricity demand by load block to be added to the region’s demand. Fig. 7 shows the total load demand by load block for all regions in 2030 in the AEO2011, assuming the vehicles use the high peaking scenario. Because the AEO2011 had low penetration of vehicles, the impact on the peak is only 2.7 GW, 0.4% of the interconnection’s total demand. Furthermore, the demand projections used in the NEEM runs use the demand growths from the AEO2011 so the PEV demands are assumed to already be included in the BAU demands.
[image: ]
For the high PEV demand sensitivities, we are assuming an increase in the PEV demand of 3 times the AEO2011in 2015, 6x in 2020, 9x in 2025, and 10x in 2030 and beyond. The peak demand contribution from PEVs over time are shown in Fig. 9. Since the base amount is already included in demands, we created load block additions representing 2x the AEO2011 in 2015, 5x in 2020, 8x in 2025, and 9x in 2030 and beyond for the Peaking High Demand sensitivities. The change in load shape in the Smart Grid sensitivity will make it necessary to take the difference between the Smart Grid and BAU loads by load block. 
[image: ]
[image: ]
In 2030 the peak demand in the High PEV sensitivity is 24 GW higher than the BAU. This represents just a 3.3% increase in the peak. The load blocks similarly show relatively little impact. Figure 10 shows the load blocks for the Eastern Interconnect with the BAU and with the BAU plus High PEV demand. Even though many hours have a large demand increase, other hours are zero such that the overall block is little changed. These blocks help to show the impact as people will spread their charging profile more than what was used in this analysis.
[image: ]
Because the NEEM model evaluates to 2050 instead of just 2035 as in EIA’s NEMS model, we extended the 2035 stock of vehicles to 2050. At first thought, the idea was to apply the growth rate between 2030 and 2035, as stated in the Google Doc. However, with an 8.8% annual growth rate this increases the stock of PEVs in the US in the High PEV case from 50 million in 2035 to 180 million in 2050. The data for the last five years shows a decreasing growth rate and to have a high growth rate may over influence the NEEM model through excessive demands in the out years. 
[image: ]
Other projections of PEV sales tend to flatten post-2030 as the market saturates. See, for example, A Comparative Study of Emerging Vehicle Technology Assessments (Ford et al, 2011). Their Figure 25 shows the market penetration as a function of annual sales from a variety of studies. Our High PEV growth roughly tracks the PNNL (Med) line in their graph through 2035. Using the 8.9% growth rate for vehicle stock causes annual sales to grow to around 90% of total vehicle sales by 2050 from 26% of sales in 2035. By keeping the stock relatively constant post-2035, the sales amounts also stay relatively constant.
[image: ]
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Fig.	3:	Total	Demand	for	1	Million	Vehicles	with	High	Peaking	
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Fig.	4:	Total	Demand	for	1	Million	Vehicles	with	Smart	Grid	
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Fig.	
  11:	
  PEV	
  Stock	
  with	
  different	
  growth	
  through	
  2050	
  	
  



PEV	
  Stock	
  with	
  Growth	
  



High	
  PEV	
  Stock	
  



BAU	
  PEV	
  Stock	
  










	-				

	20,000		

	40,000		

	60,000		

	80,000		

	100,000		

	120,000		

	140,000		

	160,000		

	180,000		

	200,000		

2

0

1

0

	

2

0

1

2

	

2

0

1

4

	

2

0

1

6

	

2

0

1

8

	

2

0

2

0

	

2

0

2

2

	

2

0

2

4

	

2

0

2

6

	

2

0

2

8

	

2

0

3

0

	

2

0

3

2

	

2

0

3

4

	

2

0

3

6

	

2

0

3

8

	

2

0

4

0

	

2

0

4

2

	

2

0

4

4

	

2

0

4

6

	

2

0

4

8

	

2

0

5

0

	

M

i

l

l

i

o

n

	

V

e

h

i

c

l

e

s

	

Fig.	11:	PEV	Stock	with	different	growth	through	2050		
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Fig.	
  1:	
  Na4onal	
  Light	
  Duty	
  Vehicle	
  Stock	
  by	
  Type	
  from	
  AEO2011	
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