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Chapter 5
ANALYZING LIGHT DUTY VEHICLE EFFICIENCY AND COSTS

1. Summary

Light duty vehicles (LDVs) have been widely studied (Delucchi et al. 2000; EEA
2002;Greene and DeCicco 2000; National Research Council 2003). In this analysis, we
synthesize past work and new data on lightweight hybrid vehicles to estimate costs and
potentials for efficiency improvements in LDVs. We rely on baseline assumptions from
the Energy Information Administration’s Annual Energy Outlook (AEO) 2004 (US DOE
2004) for new and stock vehicle efficiency, annual miles traveled, mass, horsepower, and
other attributes.

To assess the potential for efficiency improvements, we synthesize fuel economy and
cost estimates for a variety of different studies by vehicle class. For the Conventional
Wisdom (CW) case, we rely on efficiency and cost estimates from K. G. Duleep (EEA
2002), who is one of the most respected analysts in the industry. For the Sate of the Art
(SOA) case, we use analysis from Hypercar, Inc. for a compact lightweight hybrid SUV
crossover vehicle, scaled to other vehicle classes using efficiencies and incremental
capital costs from afull hybrid lightweight vehicle analysis detailed in Ashuckian et al.
2003.

I nstantaneous potential savings are 27% in the CW case, at a cost of saved energy (CSE)
of $0.53/gallon for automobiles and $0.34/gallon for light trucks. In the SOA case,
instantaneous potential savings are 68%, at a cost of saved energy of $0.62/gallon for
automobiles and $0.69/gallon for light trucks.

For details on implementation issues, see Technical Annex, Ch. 21.

2. Introduction

It was not possible to create a full analysis of efficiency options for all vehicle classes
within the time and resource constraints for this project. Instead, we drew on previous
work as well as some new analysis commissioned for this study, and made simplifying
assumptions that capture the first order effects we seek to characterize. Our analysis relies on
three main sources:

(1) The output of the National Energy Modeling System (NEMS) in support of the
Energy Information Administration’s (EIA’s) Annual Energy Outlook (AEO)
2004 (US DOE 2004). This source provides the baseline against which our
technology and policy cases are compared, using data such as new and stock
vehicle efficiency, annual miles traveled, mass, horsepower, and other attributes.
It is based on a detailed large-scale model of the U.S. energy system.

(2) A report by Ashuckian et al (2003) detailing options for reducing petroleum
consumption in California. This report gives detailed costs and potential



efficiencies for many different vehicle classes and many different reports, all
estimated in a consistent framework. It contains the results of a detailed analysis
by K. G. Duleep (who is one of the most respected analysts in the industry) that is
the basis of our Conventional Wisdom case.

(3) An analysis commissioned by Rocky Mountain Institute from Hypercar, Inc,
analyzing the costs for three versions of Hypercar’'s Revolution lightweight
composite vehicle, one using an internal-combustion-engine drivetrain, one using
a hybrid drivetrain, and one using a fuel cell. This work is the basis for our
analysis of State of the Art technical optionsfor LDV efficiency.

The analysis also draws on other sources, but the main results follow from the use of the
three sources listed above.

3. Conventions

Light duty vehicle lifetimes are assumed to be 14 years for purposes of calculating cost of
saved energy (CSE). The discount rate used is 5% real/y. No policy implementation cost
is currently included in the CSEs.

4. Baseline

Table 5-1 shows baseline characteristics of the light duty vehicle stock in 2000 and 2025
taken from the AEO 2004 forecast. It includes numbers of vehicles, EPA |aboratory fuel
economy, an estimate of actual “on-road” fuel economy, and miles traveled. It also
calculatestotal LDV gasoline use from the previous parameters. In addition, we show the
forecasted LDV fuel use from the NEMS output, which differs from our calculated fuel
use by only a few percent, indicating that we have accurately captured the essentials of
the NEM S forecast in our baseline spreadsheet calculations.

The NEMS outputs offer exceptional detail, but are unfortunately limited in some ways.
For example, vehicle miles traveled (VMT) are presented as a total for all LDV's, but are
not differentiated between vehicle classes. Here we derive average VMT per LDV using
the total VMT and the total stock of LDVs, and those numbers are shown in Table 5-1.
The NEMS outputs also do not give stocks of vehicles by vehicle class. We derive VMT
and stocks by vehicle class below using data from the Ashuckian et al. report and the
NEMS totals.

Table 5-2 shows baseline information for new vehicles in 2000 and 2025. It also includes
the degradation factors EIA uses to convert EPA laboratory fuel economy to on-road fuel
economy (these factors are assumed by EIA to be the same for new and stock vehicles).

Table 5-3 shows our estimates of stocks and VMT by vehicle class. The underlying data
from Ashuckian et al. 2003 contain estimates of these two parameters, which we scaled
so that the averages were the same as the NEM S averages. These parameters are assumed
in the Ashuckian analysis not to vary over time.

5. Conventional Wisdom



Our CW case relies on an analysis commissioned for Ashuckian et al. conducted by K. G.
Duleep of EEA, one of the most respected analysts in the industry. We started our
calculation by using the fuel economy numbers by vehicle class from the AEO 2004,
scaling them by the ratio of the EEA policy case to the EEA base case for each vehicle
category from Ashuckian et a. The differences in definitions between the AEO 2004
vehicle categories and those in Ashuckian et al. are therefore ameliorated. We used the
incremental capital costs for the EEA policy case, adjusting them to year 2000 dollars.

Table 5-4 shows the results of that scenario, which shows instantaneous energy savings
of roughly 27%, at a cost of saved energy of $0.53/gallon for automobiles and
$0.34/gallon for light trucks.

6. State of the Art

To derive the State of the Art costs and efficiencies, we relied on an analysis
commissioned by RMI from Hypercar, Inc (Cramer 2004). This analysis provided
detailed manufacturing costs for three versions of the Hypercar Revolution lightweight
composite crossover SUV, one with an internal combustion engine, another with a hybrid
drivetrain, and athird with afuel cell. We did additional work to characterize the costs of
a baseline vehicle with comparable costs and performance, which Hypercar, Inc.
identified as an Audi Allroad 2.7 with Tiptronic transmission, so that we could estimate
incremental costs relative to that baseline. Table 5-5 summarizes the adjustments we
made to the Audi costs to create a baseline comparable to our Revolution cases.

Table 5-6 summarizes markups from a variety of studies that are used to convert
manufacturing costs to invoice prices and manufacturers suggested retail prices (MSRPs).
For purposes of calculating retail prices from the manufacturing costs for the Revolution
we use a markup of 1.79 to convert manufacturing cost to invoice cost, which is the
markup characterizing the Ford Explorer. To convert invoice cost to MSRP, we use the
ratio of MSRP to invoice cost for the Audi AllRoad. We add the destination charge
(which isamass related transportation charge) to get afull retail price, as shown in Table
5-7.

Our focus for the SOA case is the Revolution with Hybrid drivetrain, because that version
yields large gasoline savings at attractive costs. This case involves greater than 50% mass
reductions through use of carbon fiber composites, as well as significant drivetrain-
efficiency improvements, for a greater than factor of three improvement in fuel economy.

We made one major adjustment to the fuel efficiency calculations for the hybrid
Revolution case from the Hypercar report. The hybrid drivetrain in that report was based
on the Honda Insight drivetrain, which was the only one for which the performance maps
were available at the time the analysis was done. We adjusted this efficiency upwards by
6% to reflect the higher efficiencies now found in the 2004 Toyota Prius, yielding an
EPA-laboratory combined city/highway fuel economy of 75 miles per gallon.

Table 5-8 shows the results of those calculations for the hybrid Revolution case, yielding
savings relative to the Audi baseline of more than 70%, at an average CSE of
$0.54/gallon. The incremental capital cost to achieve these savingsis $3,190.



To scale these results to the larger fleet, we relied on the analysis conducted in Ashuckian
et a. 2003 for the Air Resources Board (ARB) full-hybrid case. First, we assumed that
the EPA laboratory (unadjusted) mpg figure (75 mpg) for the Hybrid Revolution applied
to the “compact SUV” category from Ashuckian et al. We then used the ratio of fuel
economy in the ARB full hybrid case for each vehicle class relative to the compact SUV,
and scaled the fuel economy to reflect the relationships between vehicle classes
embedded in that analysis. The ARB full hybrid case reflects a significant reduction in
the weight of the vehicles (though not nearly as large a change as for the Revolution). It
also reflects hybrid technologies that are two generations behind that of the 2004 Prius,
but it is the case that is most comparable to our SOA case. We conducted a similar scaling
for incremental capital costs using the incremental capital costs by vehicle class from the
ARB full hybrid analysis.

Savings in our SOA case for all vehicle classes are measured not relative to the Audi
Allroad baseline, but relative to the baseline fuel economy by vehicle class in 2025 from
the AEO 2004 runs. This assumption treats the 75 mpg estimate for the compact SUV
class as an absolute target for that class, and the fuel economy difference between the
Audi Allroad and the typical compact SUV in 2025 (from 21.1 to 25.8 mpg, respectively)
istreated as a “business as usual” efficiency improvement for which the Revolution does
not take credit. The Revolution is truly a luxury vehicle, with acceleration, accessories,
and other features that far exceed those found in ordinary cars, but the Hypercar analysis
did contain enough detail to allow us to estimate the fuel economy of a “stripped-down”
Revolution, which would be significantly higher than that of the luxury version shown
here.

The scaled numbers for efficiency and incremental costs, combined with the baseline
efficiencies, VMT, lifetime of 14 years, and real discount rate of 5%ly, yields
instantaneous potential savings across the vehicle fleet of 68% and costs of saved energy
of $0.62/gallon for automobiles and $0.69/gallon for light trucks.

This cost and efficiency scaling process, while crude, captures the essential relationships
between vehicle classes as well as the recent progress in hybrid and lightweight vehicle
technol ogies embodied in the Revolution.
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A TECHNICAL NOTE ON FUEL ECONOMY MEASUREMENTS

This technical note outlines five different representations of light vehicle fuel economy.
All fuel economy data used begin with EPA laboratory data based on simulated city and
highway driving conditions. The testing procedure is described below:

“The test used to determine the city fuel economy estimate simulates an 11-mile, stop-
and-go trip with an average speed of 20 miles per hour (mph). The trip takes 31 minutes
and has 23 stops. About 18 percent of the timeis spent idling, asin waiting at traffic
lights or in rush hour traffic. The maximum speed is 56 mph. The engineisinitially
started after being parked overnight. Vehicles are tested at 68 F to 86 F ambient
temperature.

The test to determine the highway fuel economy estimate represents a mixture of "non-
city" driving. Segments corresponding to different kinds of rural roads and interstate
highways are included. The test smulates a 10-mile trip and averages 48 mph. The
maximum speed is 60 mph. The test is run with the engine warmed up and haslittle
idling time and no stops (except at the end of the test).
(http://www.fueleconomy.gov/feg/info.shtml#estimates).

As EPA laboratory fuel economy measurements overpredict the efficiency a typical
driver could expect to get on road, they are adjusted downward to better represent actual
performance. Adjusted EPA city values are calculated by multiplying .78 times the EPA
city laboratory number, and adjusted EPA highway values are calculated by multiplying
.9 times the EPA highway laboratory number. Combinations of city and highway driving
are calculated using a 55/45 city/highway harmonic average:

mpg 55/45 = 1 / (0.55/mpgC + 0.45/mpgH) New car stickers and the federal fuel
economy database (www.fueleconomy.gov) advertise the adjusted EPA city, adjusted
EPA highway, and the adjusted EPA 55/45 harmonic average fuel economies.

One example of how this would work:

A 2000 average new car has an EPA lab city economy of 23.4 mpg and an EPA lab
highway economy of 37.3 mpg. The 55/45 laboratory economy would be:

28.1=1/(0.55/23.4 + 0.45/37.3)

The adjusted city economy would be 21.1 mpg (23.4 times .9), the adjusted highway
economy would be 29.1 mpg (37.3 times .78), and the 55/45 adjusted fuel economy
would be:

24.1=1/(0.55/21.1 + 0.45/29.1)

A fifth type of fuel economy measurement isthe NHTSA CAFE (corporate average fuel
economy) rating, which is used to assess manufacturer compliance with CAFE standards.
These ratings are based on EPA |ab numbers with two alterations. First, the fleet average



is computed end of year from real sales data (as opposed to using projected sales at the
beginning of the year). Second, there exist minor changes to the testing procedure and it
possibly includes manufacturer credits for alternative fueled vehicles (see attached EPA
2004 fuel economy report Appendix A for comparison to lab numbers).

The EIA fuel economy model, which projects new vehicle fuel economies up to 2025, is
based on NHTSA CAFE numbers (the AEO 2004 model uses historical data up to 1999).
To arrive a “on-road” efficiencies, these numbers are then multiplied by a “degradation
factor.”

For example, a 2000 new car:
Average new car: 28.11 mpg
Degradation factor: 0.745

Average new car on-road: 20.93 mpg

To compare our projected SOA and CW efficiencies (which are EPA 55/45 adjusted) to
EIA’s projections (which are based on NHTSA CAFE), we have converted our numbers
to EPA lab efficiencies. We have assumed the difference between EPA laboratory and
NHTSA CAFE is negligible, as these numbers have historically not differed by more than
one percent.






Table 5-5: Characteristics and costs of MY2004 Audi Allroad 2.7T w/Tiptronic
(nearest contemporary comparable to Revolution in size, performance, features)

2004 $ 2000 $
Dealer invoice price 36192 33831
Implicit dealer markup to MSRP 3758 3513
Base vehicle MSRP 39950 37343
Additional features for comparability to Revolution
Cold weather package 750 701
Premium audio package 1100 1028
Navigation system 1350 1262
Telematics system 850 795
Tire pressure monitor 390 365
17" wheels and high-performance tires 950 888
Sum of costs of additional features 5390 5038
Curb mass (kg) 1929 1929
Destination charge 762 712
Pretax retail price 46102 43094
MSRP/invoice price 1.104 1.104
EPA rated fuel economy % weighting
City 16 55%
Highway 23 45%
Total 18.5 100%
Total on-road MPG 14.7
Horsepower 250 at 5800 RPM

(1) Destination charge calculated at $0.37/kg (2000 $) [per Edmund 1999, cited in

Lipman & DeLuchi 1999, UCD-ITS-RR-99-4, p 51]

(2) Curb weight and horsepower taken from http://www.audiusa.com/features_specifications/
0,,status-P_countrycode-1 contentType-26 modelld-200417 ,00.html
(3) EPA-rated fuel economy from http://autos.msn.com/research/vip/
spec_engines.aspx?make=AUDI&model=Allroad%20Quattro&src=

(4) Costs of various options estimated by Hypercar, Inc.




Table 5-6: Markups for different vehicles
Manufacturing Dealer invoice MSRP
Vehicle  Representative cost (MC) price w/o tax or destination Invoice/MC  MSRP/MC MSRP/Invoice Source
class vehicle 20008/vehicle 2000$/vehicle 20008/vehicle

Compact Cavalier 8065 15275 17577 1.89 2.18 1.15 1
Mid-sized Taurus 11271 19512 23049 1.73 2.04 1.18 1
Large Pickup Silverado 13425 24902 29079 1.85 2.17 1.17 1
Minivan Caravan 14090 22848 27110 1.62 1.92 1.19 1
SUV Explorer 14981 26824 31400 1.79 2.10 1.17 1
Generic All 1.53 2.00 1.31 2
Generic All 1.5-2.0 1.73-2.40 1.15-1.20 3
Mid-sized Taurus 1.92 2.34 1.22 4
Full-sized Caprice 1.71 2.10 1.22 5
Compact Escort 2.24 2.69 1.20 6
SUV 2004 Audi All-road 2.7T with Tiptronic N/A N/A 1.104 7

(1) Lipman and Deluchi April 2003 UCD-ITS-RR-03-01, p. A25, Table A-18

(2) Cuenca and Gaines 1996, as cited in DeLuchi et al 2000, UCD-ITS-RR-99-4, p. 191, Table 4

(3) F. Fields 1992, as cited in DeLuchi et al 2000, UCD-ITS-RR-99-4, p. 191, Table 5

(4) ACEEE 1990 (Lindgren), as cited in DeLuchi et al 2000, UCD-ITS-RR-99-4, p. 191, Table 5

(5) ACEEE 1990 (Lindgren), as cited in DeLuchi et al 2000, UCD-ITS-RR-99-4, p. 191, Table 6

(6) ACEEE 1990 (Lindgren), as cited in DeLuchi et al 2000, UCD-ITS-RR-99-4, p. 191, Table 7

(7) Audi web site www.audi.com

(8) The SUV invoice/manufacturing cost ratio of 1.79 that we use in our calculations (based on the Explorer) is in the middle of the range
of several studies of light-duty vehicle markups.

(9) We use Audi MSRP/invoice cost for Revolution; Audi's smaller ratio reflects historic squeeze on dealers;

higher MSRP/MC ratios above are generally from earlier data than this 2004 data point for nearest comparable vehicle



