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March 29, 2012

MEMORANDUM
TO: Power Committee
FROM: Massoud Jourabchi

SUBJECT: Update on plug-in hybrid electric vehicles (PHEV)

In the Sixth Power Plan, staff included a sensitivity analysis on the potential effects of
plug-in hybrid vehicles on the power system. That analysis showed that the addition of
these vehicles would have a modest impact on the power system, increasing off-peak
loads by between 200 and 1000 MWa and increase annual loads by 100-500 average
megawatts. A subsequent presentation to the Council showed that no new generation
resources would be needed to meet the demand from these vehicles given the assumption
that most charging would occur in off-peak hours.

The purpose of this report is to update the Council on a number of developments at the
federal and state level that have encouraged the adoption of PHEVS. In addition,
information on the actual electricity consumption of PHEV vehicles is becoming more
available. Auto manufacturers as well as battery manufacturers are introducing more
electric vehicle options and regional and national charging infrastructure investments
have increased substantially.

In this presentation, we will cover the events since our last update. We will evaluate the
effect of these events on the market acceptance of these vehicles, and present refined
analytics on impact of PHEVs on the demand for electricity in the region. We will also
discuss the planned enhancement of the transportation analysis in the 7" plan.

g:\council mtgs\2012\april\p02_hybrids cm.docx
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*New Vehicle Miles Traveled (VMT) dropped by 3%
*Fuel efficiency increased by 11%6

ectric Vehicle

Hybrid Electric Yes Toyota Prius

Plug-in Hybrid Yes Yes Yes Chevy Volt

All Electric Vehicle No Nissan Leaf
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Potential for V2G is greater for fleet vehicles due to larger battery size
And higher geographic concentration of vehicles.
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We assumed 33 miles round trip for our modeling work

Barriers for PHEVs
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2008 WSDOT Alternative Fuels Corridor Economic Feasibility Study:
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GREEN HIGHWAY

Electric Highways Project
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energy program block grant)
« Target completion date;
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Total Hybrid Sales in the United States by Year Since 2000
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Presentation Notes
Our previous analysis ( What if analysis)
Impact on Peak load
Impact on off peak load
Background on transportation 
Number or vehicles, miles traveled, efficiency
Electric Vehicles (Vehicle types, charging options)
Incorporating Recent experience with PHEVs 
Market acceptance, Charging profile, charging stations
Long-term forecasts for PHEV 
Impact on the electric system
Opportunities for storage
Medium size trucks
Next steps in preparation for the 7th Plan



Figure C-23: Assumed Market Penetration Rates for New PHEV Figure C-24: Projected Load from Plug-in Hybrid Vehicles
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Figure C-25: Project Off-peak Load from Plug-in Hybrid Vehicles
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Presenter
Presentation Notes
Forecast of passenger and light trucks –Global Insight 
Market share fraction ~ 3% to start 26% in 10 years
Miles traveled per day ~33 held constant
Energy requirement ~ 0.26-0.46 KWh/mile (0.3 midsize)
Energy efficiency improvement -5% per year
Battery size  10 KWh 
Available battery type Lithium-Ion 
T&D and conversion efficiency losses ~20%
Recharge at 110 v 15 amp in 8 hours
Recharge at 220 v 30 amp in under 2 hours
Assumed 95% recharge off peak, 5% during peak hours
Current average MPG for gasoline vehicles 20.2 
CO2 emissions for gasoline ~ 1 lb/mile


We had assumed that by 2011 there will be between 2000 to 8000 new PHEVs in the region.
Actual numbers suggest that there were about 2000
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Passenger Vehicles 251 2,013

Light Duty Trucks 48 617

Heavy Duty Trucks 8 120

Buses 1 14

New Vehicles purchased

annually 16

New vehicle sales have been down for the last few years.
Length of new car ownership has increased to a record 71 months.
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Presentation Notes
93,000,00 0 miles from sun to earth.
3 trillion miles, or roughly 15,000 round trips to the sun.

Over 300 million vehicles 
About 3 Trillion miles traveled 
Over 168 billion gallons of gasoline 
About 660 gallons per vehicle
Average Miles Traveled per gallon 17.6

Market share of SUVs declined.
Polk forecasts that 2012 U.S. light vehicle sales will reach 13.7 million, a 7% increase versus 2011. Other forecasting firms have weighed in with similar predictions, ranging from 13.4 million to 14 million units. What is not included in any new vehicle forecast, from any company, is a forecast of a traumatic event that would profoundly impact the industry. The reason why such an event is not included is because, by definition, such an event cannot be anticipated. But, that is not to say such an event won’t occur. Rather, based on the recent past, it would seem likely that such an event will occur. Consider the events of the past seven years:
2005 – Hurricane Katrina
2008 – Lehman Brothers bankruptcy on September 15, collapse of U.S. economy
2009 – Government-managed bankruptcies for GM, Chrysler
2010 – Industry sales plummet to 10.4 million units, down 39% from 2005, Toyota recalls over 8 million units globally, Toyota and Honda lose money globally for first time in decades
2011 – Earthquake and tsunami in Japan in March severely disrupt supply lines for several OEMs including Toyota and Honda, Thailand flood in fall disrupts supply lines again
In five of the past seven years (71%), an unforeseen major event has occurred that dramatically impacted the U.S. new vehicle industry. Using this brief time period as a guide, it is more likely than not that another impossible-to-predict event will occur in 2012. This event could take one of several forms, as witnessed in the past several years, including:
A terrorist attack on the U.S. grid
A war in the Middle East that drives up the price of oil
An interruption in the supply of oil from the Middle East for another reason
A collapse in the European economy and its reverberating impact on the North American economy
Another natural disaster that cuts supply lines

Historically there are about 16 million of new vehicles purchased. 
Recent economic recession and fluctuations in gasoline prices has caused.
Sales of new car to plummet –down by about 40% compared to 2005
People are holding on to their cars longer
Hybrid vehicles have not been immune,   Their growth rate has slowed down.
Comeback expected in 2012 

According to Polk, length of new car ownership has increased to record 71 month. From about 50 month in 2002.





Forecasted sales for 2012 is around 13-14 million.
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However, since 2008 new vehicle purchases have dropped to
about 350,000 vehicles. People are holding on to their vehicles
longer. These factors contributed to fewer PHEV purchases than
expected in 20009. 4 A


Presenter
Presentation Notes
Note the dr
Slide 8 seems to shown primarily effects of recession, but point isn’t focus of notes on the slide itself.  Sales per year seems like an opportunity to demonstrate significance of the assumption about PHEV penetration assumptions in terms of # of electric vehicles compared to total
op in new car sales due to recession 

Note that the forecast goes back up…. To around the historic levels by mid 2020.

We had assumed that by 2011 there will be between 2000 to 8000 new PHEVs in the region.
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Presenter
Presentation Notes

Slide 10; question here is whether this is primarily recession related, a longer-term trend, or price response

This chart tracks three monthly indexes  related to new vehicles.

The Blue line tracks vehicle miles traveled,  we see a 3% drop in the VMT.  

The red line shows improvement in vehicle efficiency,  compared to new vehicles at the start of the recession, the new vehicles purchased by the end of 2011, were 11% more efficiency.

The average sales-weighted fuel economy was calculated from the monthly sales of individual models of light-duty vehicles (cars, SUVs, vans, and pickup trucks) and the EPA “combined” fuel-economy ratings for the respective models. All vehicles purchased from October 2007 through September 2008 were assumed to be model year 2008. Analogous assumptions were made for vehicles purchased in each additional model year. The fuel-economy information was available for 99.8% of vehicles purchased.

In October 2007 average efficiency of new vehicle purchases was about 20 MPG,  by the end of 2011 the efficiency was increased to 23 MPG. 
Source: University of Michigan Eco-Driving Index (EDI)
 


The green line reflect improve efficiency and reduced vehicle miles traveled.  The green line results in reduced vehicle emissions by about 14% 
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Presenter
Presentation Notes
Battery electric vehicle (BEV), like a fuel cell electric vehicle, is an all-electric car.
the hybrid electric vehicle (HEV) or plug-in hybrid electric vehicle (PHEV), which both still need combustion engines to provide some of their power, the Model E BEV runs entirely on an electric motor and rechargeable battery. 

Demand for transportation
Demand for new vehicle 
Price of vehicles 
Price of fuel 
Consumer perceptions
Government subsidies
Environmental concerns
Competition among fuels and vehicles
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Presenter
Presentation Notes
Based on a web-based Survey of 1051 U.S. Consumers in Fall 2011 using a nationally representative and demographically balanced sample.
Of the participants only 4% currently own of lease an hybrid electric vehicle.
75% DRIVE 40 miles of less per day. 
81% of respondents states that improved fuel efficiency would be an important factor when purchasing their next vehicle.
 level of interest in EV were not dramatically different between demographic segments such as age, gender, income, and level of education.
Consumers under age 30 are somewhat more likely to demonstrate interest as are people with higher education.
Consumers expect electric vehicles to cost more than comparable internal combustion engines but, the price difference is about 3000 dollars.
Which is more than the current differential between conventional and EV cars. 
About 25% of consumers are not interested in Evs.
Another 35% are undecided.

Sweet spot is:
Price premium about $3000,  range 100 miles, recharge in 2-4 hours or less.

Margin of error, plus or minus 3% at 95% confidence interval.


Accenture Pike Research 
Very much in favor of Electric Vehicle 46% 55% 
Accenture Research’s 2011 survey of over 7000 people in 13 counties finds on average 58% were in favor of EV.
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Presenter
Presentation Notes
In 2010 there were 345 plug in cars sold in the US.
In 2011 that number jumped to 17813 .
In 2011 there were about 6 million new passenger vehicles sold
PHEV represent about 0.03% market share.

As of January 2012 there were 1889 volts and leafs registered in the NW. 
This represent about 17% of Leaf and 3% of  Volts sold nationally.
It is interesting to note that proportionally speaking it seems more chevy volts than nissan leafs were sold in Idaho and Montana than Oregon and Washington.

As part of EV project, there were about 1000 PHEVs in these two states. 
Not counting other vehicle purchasers that did not participate in the EV project,
New passenger vehicles in Oregon and Washington were about 190,000 in 2011 (source GI), of that amount over 1000 vehicles were PHEVs. 
This gives us about  ½ of one percent  market penetration rate PHEV in these two states.

This is about 3 times the national average.

IS this level of sales reasonable.  
Yes, given the overall drop in new vehicle sales and given the level of introduction of these vehicles, these market shares are consistent with the early development of other hybrid vehicles.
For example,  hybrids were first introduced in US in early 2000.  it took over seven years for their combined sales to reach 350,000 ( or about 6%)
For the first 2 years of introduction, they sold less than 30,000 units combined.

So compared to hybrid vehicle sales history, PHEV sales are reasonable.


Compared to expectations – yes

Compared to comparable vehicle histories – No
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Voltage |AMP Power Level |Charge time|Comparable Load
Level 1 120 12-16 Amp 1.4-1.9 KW 5-8 Hours
TLevel 2 240 15-80 AMP 3-19 KW 1-3 Hours
Level 3
(DC fast charge) | 500 VDC 20-200 Amp 10-200 KW 15-30 min
9 2
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Presentation Notes
Cost for each level
Level 1- practically no cost
Level 2- $500-$1000
Level 3- ~35000 (Nissan’s version may be around $20,000)

DC Fast Charging allows vehicles to be charged in minutes rather than hours.  For the EV project, DC Chargers are being deployed in high-density areas and in major transportation corridors to allow EV users to commute between major cities.
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Project objective (deploying charge infustructure in major cities)
60+ Partners

Over 14000 Participants

~14000 Level 2 (240 charges)

400 DC fast Charger ports

8300 Grid Connected vehicles

1200 Jobs created or retained by 2012

18 Major cities and Metro areas in 6 states and DC.

Through this project information on vehicle charging is gathered

Nashville, TN
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Presentation Notes
ECOtality, an EV charger company, is working with Maryland utility Silver Spring Power CO to regulate their supply and demand through a smart-grid EV connection that shift EV charging to off-peak if needed.
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6% plan assumption EV project results

Home Charging Profile Weekday
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We had assumed every vehicle would be recharged every day.
EV project finds:
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Presenter
Presentation Notes
Slides 19, 20 and 21 contain a lot of redundancy, what is main point, that charging does occur largely at night as we assumed?  I would just drop the state differential in slide 20, but may want to include the second note somewhere else where you discuss the effects.


By the end of 3rd Quarter 2011, as part of EV project:
Approximately 1,400 residential and 325 publicly available charging stations were installed in the third
quarter, bringing the total to approximately 3,100 residential and 500 publicly available electric vehicle
supply equipment (EVSE) installations to date. The EV Project is installing residential EVSE ahead of LEAF
deliveries, and concurrent with Volt deliveries, in most cases. The installation of commercial EVSE
continued in earnest during the quarter now that a substantial number of EVs are in operation. The
Department of Energy has affirmed The EV Project goals of: 8,300 Nissan LEAF and Chevrolet Volt
participants, approximately 5,000 publicly available Level 2 EVSE, and 225 dual-port DC Fast Chargers.

2.28 MW for all cars…. Report period: July 2011 through September 2011


Over 50 percent of charging events are 2 hours or under.
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Presentation Notes
This chart tracks three demand profiles.
The blue line, the lower line, shows minimum demand.
The yellow line shows the load on the day with highest peak
The black line shows the Maximum electricity demand across all days.

We see that the total demand from the participating EV units peaked at about 2.3 MW.


ozriavior

5 &g

B
F
:
o

u
=
£
|
o
:g'
Q

Percent of

CharginglUnits

400  &00 1200 1800 20:00 : 00 800 1200 1800 2000
Time of Day oot



Presenter
Presentation Notes

                   Number of vehicles     Peak Load
Oregon                 254                       0.1  MW
Washington           440                       0.2  MW  
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Presentation Notes
US is expected to have an smaller share of the EV market
Electric Vehicle Market is global.
Forecast for this market  varies significantly
International Energy Agency: 7 million by 2020
L. Polk and Co: 5 million by 2020 & 40 million by 2030
Pike Research:  5.2 million by 2017
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Revised forecast of passenger and light trucks

Modified Market share fractions
reflecting actual data for 2010 and 2011
Modified long-term market shares for Idaho and Montana

Decreased efficiency during winter to reflect impact of

temperature on battery holding charge

Increased load by 10% to reflect interstate travel

West Coast Green Highway I-5 EV electrification (DC fast
chargers) reducing range anxiety

Truck stop electrification
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Presenter
Presentation Notes
As part of 6th plan development, we conducted an analysis of potential impact of plug-in electric vehicles on the electric system in the northwest.
At the time, there were very little recent market experience with these vehicles. 
We conducted our analysis in form of a What If analysis. Looking at a likely outcome based on a set of reasonable assumptions. 

We assumed a range in market acceptance of vehicles. 
We used the average distance for daily commute of about 33 miles.
Using average efficiency of the batteries, we sized the batteries at around 10 KWH for these 33 miles daily commutes.
We assumed daily recharge  using 110 volt house voltage. 
We assumed that 95% of recharging is going to occur at home. 
We also assumed that the conventional gasoline engines would also, in response to market forces would increase their efficiency.

In the next three charts, extracts from the 6th plan, we see projected market penetration rate, annual demand, and off peak demand from these vehicles. 

I5 is 1381 miles long.
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Presenter
Presentation Notes
This table shows historic and projected new vehicle sales in the NW region.
In the 1995-2007 on average about 520,000 new vehicles were sold in the region.
During 2007-2011 sales volumes dropped to about 400,000
During 2012-2030 we expect the sales to return to about 520,000.

In the 2012-2020 however, we expect sales to be in the about 5% below the historic 520,000 units. 

We have used this forecast in developing the PHEV’s forecast.
We have tempered the ramp rates for PHEVs to reflect the new revised forecast.
We have also updated our analysis by
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Figure C-24: Projected Load from Plug-in Hybrid Vehicles
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Figure C-25: Project Off-peak Load from Plug-in Hybrid Vehicles Revised Forecast MWa
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Presenter
Presentation Notes
Compared to previous forecast, off-peak loads have increased by 40-100 Mwa
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» Market share of PHEVs for 2010 and
2011 are in line with the Case 2
(Medium growth) scenario

» Revised plug-in hybrids’ impact on
annual and off peak load is slightly
higher than the earlier forecast

2
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» Impact of PHEVs will be analyzed
using the transportation module of
Energy2020

» Incorporating competition between
fuels (gasoline, natural gas, electricity)

» Incorporation of commercial fleet Iin
the analysis
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Presenter
Presentation Notes
New MIT research suggests that electric delivery trucks, like this one, can help both the environment and the business bottom line.�Using  New England ISO data, MIT team tested:
Ramp down  V2G where the vehicle only responds to signals when supply exceed demand and thus only absorbs energy from the Grid. 
Ramp up and down, where vehicle responds to both positive and negative signals and the battery both charges and discharges energy as requested. 

Comparing capital and infustructure investments, operating cost, and V2G revenue the cost of ownership for Electric vehicles were 9-11% below ICE (internal combustion engine).
Even without V2G the EV and PHEV fleets lower the total cost of ownership by 7-12% compared to the ICE fleet. Due to reduced maintenance requirement and enhanced fuel economy.

MIT work assumed a 250 vehicles in the fleet.  70 miles per day, 253 days per year, 100% of fleet plugged in 12 hours per day.
Diesel fuel at $4 dollars/gallon, 
Battery size 85 KWh for EV and 3.9 KWH for PHEV. 
Charger capacity, 30 KW for EV and 1.9 KW for PHEV.
Vehicle cost, 130,000 for EV,  59,000 for PHEV and 50,000 for ICE.

Commercial fleet vehicles may represent best candidates for a cluster of battery power storage.  For frequency regulation
ECOtality, an EV charger company, is working with Maryland utility Silver Spring Power CO to regulate their supply and demand through a smart-grid EV connection that shift EV charging to off-peak if needed.

Commercial fleet present an opportunity for V2G integration due to their geographic concentration.
Charging pattern suitable for off-peak charging.
MIT study found that commercial fleet can provide auxiliary services

Photo courtesy of Staples
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Manufacturers Claimed Range on single recharge (miles)
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Chevy Volt
Chinese -BYD...
Ford Focus
Ford Transit...
Nissan Leaf
Think City

Toyota Prius PHEV
Tesla Roadster
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Percent of Commuters
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Demand

»  High purchase price

»  Range Anxiety

»  Recharging infustructure

30

Supply
Lead times for new
product line

»  High capital investment
requirements

»  Limitations of critical
supply components

»  Global market response
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2008 WSDOT Alternative Fuels Corridor Economic Feasibility Study:

“The primary challenge to Alternative Fuels commercialization is how to build
a market — simultaneously — for new vehicle technologies, new fuels, and
new infrastructure to support them.”

Comparative Costs for Alternative Fueling Stations

- Land & Building Fueling Equipment Supply Chain

Gasoline S 1,348,500 $ 571,000 Established
Biodiesel (Co-located?) S 127,000* Limitations
Hydrogen (Co-located?) $ 318,000 Not Established
Electricity Kiosk S 50,000 - $90,000%*  Grid

* Number of pumps scaled for smaller initial demand

** Upper range includes utility connections and necessary upgrades Washington State
ppe rang v Y upe VI S St anoriaton
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Nissan LEAF Range and Vehicle Efficiency

Speed and Accessories Estimated Vehicle
Driving Conditions CELT-CR T Efficiency

(mi/kWh)*
Cruising 38 mph 68° None 138 5.75
Fairly steady 24 mph 77° None 105 4.38
City traffic
Steady 55 mph 95° A/C on 70 2.91
Highway I
Crawling 15 mph 14° Heater on 62 2.60
Stop-and-go
Average 6 mph 86° A/C on 47 1.96
Heavy stop-and-go | I

Missanm LEAF has a 24 kWh battery Source: “Missan Agrees - EV Mileage Will Vary; Leaf Tests Show 91-Mile Variation.” Green Car Advisor — edmunds.com.
June 15, 2010.
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GREEN HIGHWAY

Electric Highways Project

« Funding: $1.32 m seed funding ¢ Coordination: with Oregon and
from US Dept. of Energy (via state B.C. to make PNW EV-ready

energy program block grant)

« Target completion date:
Minimum of DC Fast-charge October 31, 2011
stations: 9 (7 along I-5; 2 along
US-2 (E-W route over Cascade

Mtns) ELECTRIC
VEHICLE

CHARGING
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We discussed the recent experience:
= Sales and market share of PHEVS,

= Customer’s perception,

= Charging behavior for PHEVs

What the future could hold for PHEVs?

= |n a global market, US is expected to
nave an small share of PHEVS.

= (Gasoline prices are subject to global
supply and demand.
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Total Hybrid Sales in the United States by Year Since 2000
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Presenter
Presentation Notes
Source: http://thinkprogress.org/romm/2012/01/07/399032/17000-electrive-vehicle-sales-in-first-year/?mobile=nc



Increased Retentiontiedto  Impacton A
Economic Slowdown Industry
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“New Buyers = Used Buyers ~ Total (New and Used)
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