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5.2 Policy Portfolio Scenarios

Figure 48 Scenario 3 Results: Electric vehicle suloly emissions cases.
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Using the results of the individual policy simulations, the portfolio scenariosie ba

are simulated. As previously discussed, proposed policy values from theldecatrrent US

climate-energy policy, and political feasibility are used as decisies talset low, medium, and

high values. Table 8 outlines the values chosen.

Values Used in Portfolio Simulations

Individual Policy

Scenario Description

Mechanism Policy Description Low Medium High
Values Values Values
Fuel Economy Only on CGVs. Increase until 1% 0 0
Standard 2020, no increase thereafter] Annual 2% Annual | 3% Annua
Carbon Tax Implemented all years. Assum¢d $10 Per | $100 Per | $500 Per
costs only reflected in fuel pricd. Ton CGQ Ton CQ Ton CQ
. : Only for PHEVs. Only in effec] $500 Per | $3000 Per| $6000 Per
Vehicle Subsidy through 2020. Vehicle Vehicle Vehicle

Table 8 Policy values used in portfolio scenarios.

CLIMATS simulation results suggest an annual FES increase grieate3% leads to

50+ miles per gallon new vehicles, which only currently exists for altemftel types. Present
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day US policy also dictates LDVs to reach 35.5 miles per gallon, repregevitat policy
makers consider feasible. With this in mind, the medium value case is set2i &%tes per
gallon by 2020) and the high and low cases of 3% and 1% result in 2020 values of +/- 5 miles
per gallon respectively.

Choosing carbon tax values is not as straight forward. The CLIMATS relsolted
that values less than $100 per ton,@@ not lead to meaningful reductions. Only a tax that led
to annual gasoline prices reaching $7.00 to $12.00 made an impact. Historically, though, such a
government imposed increase in the price of gas has not been feasible. In the ea|ynEID0O
President Bill Clinton endured a harsh political fight to increase the gas jastlay3 cents a
gallon (Krauthammer, 2009). Choosing a meaningful carbon tax that can overcome such
political hurdles may not be possible.

An alternative path is taken then. To test whether a small carbon tax, in caombinat
with other policies can lead to greater reductions, the low scenario is set at 810 @€&. The
$100 per ton C@case is set as the medium scenario based on it being a common value proposed
in the literature (Nordhaus, 2007a). Though seemingly not politically feasitigh @arbon tax
value of $500 per ton GQs set. While less than half the highest value proposed in the literature
(Stern Review), such a high value may instigate system effects ttmh#&recases may not.

To focus the analysis, the vehicle subsidy scenarios will only include PHBMs to the
individual PHEV subsidy scenarios leading to greates @@uctions than the other vehicle
types and their significance in the national debate on alternative fuelegehicnakes for more
timely and interesting cases. Current US policy produces a range of ssibsatiaverage
$4500 for alternative fuel vehicle purchases (EERE, 2009b). With that in mind, $6000 is
considered a more aggressive, high value case, which is also in line with cutissulsed
federal proposals (Obama and Biden, 2008). A low value of $500 is considered in much the
same way the low carbon tax case was set. This low value allows tekgtitewinteractive
effects exist, even with less aggressive policies. The medium value scepaggents a median
case.

The results of the policy portfolio analysis will be presented in two wayst, fie
results of all scenarios will be tabulated and tested for whether policygsger resistance
exist. Scenarios that resulted in significant differences will be dsdussng the CLD to

describe feedback loops that led to the interactive effect. Second, all policynetons are
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presented across a range of input values to discuss further unintended consequenegs that

occur.
5.2.1 Policy Portfolio Synergy and Resistance Analysis

Referring back to the beginning of the study, synergies are defined asractioieof
two or more policies that, when combined, achieve policy goals more succes$sfnllyduld be
achieved by each policy separately. On the other hand, resistance is defireed@sosite
(Sterman, 2000). Generally, interaction effects are defined as the following,

AScenario = [LDV Emission Reductions , — LDV Emission Reductionsg]

n

— Z[LDV Emission Reductionss — LDV Emission Reductionsg]
S

Equation 9 Policy Interactive Effect Equation.

Where LDV Emission Reductionsp is the result of the portfolio scenario.

LDV Emission Reductionsg is the result of the base case.

LDV Emission Reductionss is the result of the individual scenarios.

S is the policy scenario number, summed tortimeimber of policies in the

portfolio.

AScenario is the difference between the portfolio difference value and the sum of
the individual difference scenarios.

The difference of the no policy case from each of the individual policy scetiaaios
construct the portfolio is summed. The difference of the base case frooriégponding
portfolio scenario is then compared to this sum of the individual policy differencemtivée
values ofAScenario are defined as policy resistance and positive values are defined as policy
synergies.

Equation 9 is important to understand before continuing the analysis. It is entirely
possible (and common in this study’s results) for policy combinations to resulbiergre
reductions than the individual policies, Imat represent a policy synergy. A synergy, by
definition, requires portfolio results to exceed b of both individual policies results. If
portfolios are less than the sum, but greater than the impact of each individualtpelicy
combination is considered policy resistant because there is decreasingahradyctions. Such
portfolios can also be consideremmplementary, but deficient because greater reductions are

met, but not optimized due to system feedbacks.
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With that said results of the 27 portfolio scenarios are presented in Table DLOVdta
emission values from 2020 are compared (initial simulation time of 2006) becanskebBES
and subsidy policies were simulated to end that year. Due to CLIMATS not imgladi
consumer learning sub model, it is necessary to use a time step that evalbgpetides
working in tandem. Further, because PHEVs enter the model in 2011 to replicate le&al wor
conditions, 2020 represents a significant period of time for the vehicles to enter the vehi

population.
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Table 9 Policy portfolio scenario analysis resultécolors for emphasis).

Scenar_io Individual Policies zgggyTPtt)r':fEI[i)ci? Portfolio —
Scenario Number Note: peseripion ZO%r?ﬂ'lli'c()):?Tletl;E}gnEgi)sz)sions N Emissi)ns (i[lmgn nF:ect’rliigiS:s] % Difference
\C/L ggg&gggdv velizs Base Case = Vellies Base Case

AEO 2009 Update See AEO 2009 Update
Base Case Validation 13855
Scenario 4 LOWFES s 2 10.3 1384.8 0.7 9,59 -93.38%
Scenario 5 Lo RS et B 10.3 1385.2 0.3 110.07 -97.39%
Scenario 6 M'-eod"i"u'r:nEgT igg?:g 107'_26 17.8 1376.8 8.7 9.06 -50.98%
Scenario 7 M"eod"i"u'r:nESS ggg:g %_26 58.8 1335.4 50.1 -8.65 -14.71%
Scenario 8 h"ié"h':gf ﬁ’gg:‘;’ 12'58 187.0 1200.2 185.3 -1.69 -0.90%
Scenario 9 h"ié"h'szSS ﬁ’gg:‘;’ 2(5)'58 257.0 1136.0 249.5 -7.43 -2.89%
Scenario 10 tgw \% gggj 18& 20.2 1374.9 10.6 -9.66 -47.80%
Scenario 11 Mlé(c)i\i,l\jr(ri-l\-/s ig;g:g ég:é 68.7 1319.3 66.2 -2.43 -3.54%
Scenario 12 h?g‘]"r’] o ot B 266.8 | 11281 257.4 9.42 3.53%
Scenario 13 Medium FES ppca IR 1034 | 12924 93.1 110.29 -9.95%
Scenario 14 Medium FES ppa IO 1035 | 12921 93.4 -10.09 9.75%
Scenario 15 Medium FES o2z 389 1109 | 12013 94.2 16.71 15.07%
Scenario 16 Medium FES oot IO 1519 | 12542 131.3 20.62 13.57%
Scenario 17 Mf_ﬁ;“hmc';ES ﬁgg:; 19836.38 280.1 1184.1 201.4 78.77 -28.12%




Scenario Number

Scenario
Description

Note:
FES= Fuel Economy Standard

Individual Policies

Policy Portfolios

2020 Total LDV Emissions

(million metric tons CO2)

2020 Total LDV

Emissions
(million metric tons CO2)

Portfolio —

Y[Ind. Policies]
(million metric tons

% Difference

dogmam,  [vae] pTeR] s [vawes[pTeR] ™
Scenario 18 Mi'?;“hmv';ES 1292z 33 3501 | 10756 300.9 40.15 11.47%
Scenario 19 Medum ST et I 27.7 1367.3 18.2 9,55 -34.46%
Scenario 20 vecium CT oS A 76.2 1236.6 148.9 72.71 95.47%
Scenario 21 Mﬁi‘g‘r‘]r{‘/g e B 2743 | 11217 263.8 -10.54 3.84%
Scenario 22 Fligh FES st IR 187.6 | 12086 176.9 110.69 5.70%
Scenario 23 rligh PES presad IR 1877 | 12079 177.6 10.1 5.38%
Scenario 24 Jigh FES presed BEEbC 1051 | 12116 173.9 21.18 -10.86%
Scenario 25 Jigh FES 120801 LS 2361 | 11775 208.0 28.12 -11.91%
Scenario 26 HHi%T] "eS et B 3643 | 11527 232.8 -131.59 -36.12%
Scenario 27 HHi%T] =S 12089 3ils 4343 | 10206 364.9 69.38 -15.98%
Scenario 28 High CT aos7) 1808 1970 | 11501 235.4 38.42 19.51%
Scenario 29 gh &7 sl oes 2454 | 10731 312.4 67.03 27.31%
Scenario 30 E:gﬂ e ol 2808 4436 | 10727 312.8 -130.79 -29.49%
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5.2.1.1 Policy Resistance
LDV system feedback loops interacted to cause two groups of portfolios — carbon

tax/fuel economy standard and PHEV subsidy/ fuel economy standard — to resuttyin pol
resistance. Depending on the magnitude of each policy, the portfolios resul%édaer08%
fewer emissions than the sum of the reductions of the individually implemented pasoyg
the CLD and CLIMATS simulation data, the feedback loops responsible aredsoBiue
circles in the CLD represent variables perturbed or directly importanti® &nissions.

For all carbon tax/fuel economy standard scenarios (Scenarios 4, 6, 8, 13, 15, 17, 22, 24,
and 26), Figure 51 illustrates that the balancing Bonhibits the cost of driving gasoline
vehicles from increasing over time. Individually, the carbon tax (orange boggs the price of
gasoline Fuel Price) and therefore the cost of drivinGdst/Mile) to increase. This decreases
the amount of annual travel, reducing vehicle operation emissions.

The opposite can be said of the FES policy. A government imposed increase in fuel
economy (green box), leads to a decreasgostymile (connected blue circle). Through the
same feedback loop, this decrease in the cost of driving increases the amowet tifrvagh

the rebound effect and increases emissions, depending on the magnitude of the policy.

Comparison of CGV Fuel Cost Per Mile - High Carbon Tax and
Fuel Economy Standard Scenarios
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High Carbon Tax ——Base Case

Figure 49 High Carbon Tax/ High Fuel Economy Standed Scenario Results: CGV Fuel Cost Per Mile.



In combination, both of these processes counteract each other within feedba8k loop
The positive effect on the cost of travel due to the carbon tax is dampened by thee redfgait
of the FES. Figure 49 clearly illustrates this feedback effect usirngdhevalues case as an
example. The fuel cost per mile for gasoline vehicles in the portfolio sodbare line) is

significantly less (by $.02 to $ .08 per mile) than just the carbon tax case.

Comparison of New CGV Purchase Market Share - High Carbon
Tax and Fuel Economy Standard Scenarios

90%
80%

% 70% 7 —_—
'(/C) 60% \—__\_—-—_\ —_—
T 50% -
X
> 30% —~—
8 20% —
10%
O% T T T T T 1
< < < < < < <
2 7 7 7 7] 7] 7]
% 2 % % > % %
Year
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Figure 50 High Carbon Tax/ High Fuel Economy Standal Scenario Results: CGV New Purchase Market Share.

Figure 50 shows the results of this difference. The portfolio scenarit¢srasul
consumers purchasing more conventional gasoline vehicles than if just a earlb@ne
implemented. In comparison, the individual fuel economy standard incentigizesnoers to
continue purchasing gasoline vehicles, leading to a slower, more gradualsedaréheir market
share. The emission consequence of this result is a greater number of fbbsiirfung vehicles
entering the LDV population, thus greater operation emissions.

Policy makers should heed policy portfolios explicitly mixing a carbon tax and fuel
economy standard as core policies if they want to optimize GHG reductiomsately, all
scenarios lead to a long term reduction in the number of gasoline vehicles edr@fas
significant magnitudes depending on the scenario), but because of the short and nedtkto

drastically cut transportation emissions, implementing this portfolio would ndebé
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Figure 51 CLIMATS CLD with CGV fuel economy standard/carbon tax portfolio scenario.
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For all PHEV subsidy/fuel economy standard scenarios (Scenarios 5, 7, 9, 14, 16, 18, 23,
25, and 27), Figure 55 illustrates that the interplay between balancingB6dps8 andB7
increase PHEV sales (thus reduce emissions), but also increasen@ygh to produce more
GHGs. These scenarios are interesting because the policy resistarare moderate than the
carbon tax/fuel economy standard cases due to the greater disparity in vetecbhepreen
conventional gasoline vehicles and PHEVSs.

The FES, through the marginal cost curves coded in CLIMATS, causes gasbiiie ve
prices to increase. The CLD infers qualitatively, that the fuel economy sligjodange box)
reduces emission, but inhibits the long term switch to alternative fuel eghicl

The opposite occurs under the high PHEV subsidy scenario (green box). The drop in
price combined with the better fuel economy leads consumers to purchaseHidtg P
reaching over 50% market share by 2020. Further, because consumers are conducting more
electricity driven travel, thEBuel Emissions Factor (i.e. burning a gallon of gasoline is greater

than consuming a kWh of grid electricity) decreases, leading to less tatpipsions.

Comparison of PHEV New Purchase Market Share - Medium
PHEV Subsidy and Medium FES Scenarios

25%

20% F—

15%

7]
/] )

0%

PHEV Market Share

Year
Medium PHEV Subsidy/Medium FES Portfolio Scenario

Base Case

Medium PHEV Subsidy Scenario Medium FES Scenario

Figure 52 Medium PHEV Subsidy/ Medium Fuel EconomyStandard Scenario Results: PHEV New Purchase Marke
Share.
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Comparison of PHEV New Purchase Market Share - High
PHEV Subsidy and Medium FES Scenarios
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Figure 53 High PHEV Subsidy/ Medium Fuel Economy Stndard Scenario Results: PHEV New Purchase MarkeBhare.

The rebound effect also plays a role in these scenarios througB7odhe increase in
Market Share of Fuel Efficient Vehicles (PHEVs) and increadeue Efficiency lead to a decrease
in Cost/mile and therefore an increaseNles/vehicle.

For the portfolio scenario, loof@ andB6 causes enough of an effect to lead to
resistance. In combination, the impact of the policy is dependent on the magnitude of the
subsidy. A quick glance at Figure 52 indicates that the FES temperspthet whthe subsidy
by increasing fuel efficiency even with the increase in gasoline vehick pCrunching the
numbers reveals that the FES slightly inhibits the sales of PH#&f%¢t Share of Fuel
Efficient Vehicles) by 1% to 4% annually, leading to more gasoline vehicles in the population
and therefore more tailpipe emissions. Figure 53 shows that it takes a highsBbHidy to

negate the sales impediment of the FES.
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Comparison of Total LDV VMT - High PHEV Subsidy and Medium
FES Scenarios
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Figure 54 High PHEV Subsidy/ Medium Fuel Economy Stndard Scenario Results: Total LDV VMT.

Regarding the policy impact on travel, Figure 54 shows that due to the high share of
PHEVs and the slightly higher share of gasoline vehicles being purchasad/ehicle Miles
Traveled increases, falling as the median between the two individual scenarios.

Ultimately, the impedance of emission reductions for a PHEV subsidg(foelomy
standard portfolio is moderate (5% to 15% compared to sum of individual cases), but shows the
importance of accounting for system feedbacks. It is noted, that the GHG reductioms of
portfolio are still considerable at 50 to 370 million metric tons of Q020 compared to the
base case depending on policy magnitudes. Policy makers should recognizaghatarfomy
standard may inhibit the effects of a PHEV subsidy if a large scale turobtrex LDV
population is the intended consequence. The portfolio does not necessarily refleg easteon

for reducing emissions drastically in the short and midterm.
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Figure 55 CLIMATS CLD with PHEV subsidy/CGV fuel economy standard portfolio scenario.
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5.2.1.2 Policy Synergy
LDV system feedback loops interacted to cause three scenarios of carBbiEd

subsidy portfolios to result in policy synergy. Depending on the magnitude of eanh i
synergistic effects led to a 19% to 96% increase in @Quctions compared to the sum of the
individual policy reduction results. Of interest is why the other sirates of a carbon
tax/PHEV subsidy portfolio resulted in policy resistance. Using the @dDCLIMATS
simulation results, the feedback loops responsible are isolated. Blue ciritledLD represent

variables perturbed or directly important to GHG emissions.

Comparison of New PHEV Purchase Market Share - Medium CarboiTax
and Medium PHEYV Subsidy Scenarios
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Figure 56 Medium PHEV Subsidy/ Medium Carbon Tax Senario Results: New PHEV purchase market share.
The three cases of policy synergy — scenarios 20, 28, and 29 — include either a high

carbon tax or a medium PHEV subsidy in combination. The same scenario playedeut in t
CLD (Figure 59) indicates that a PHEV subsidy (green box) would increabtatket Share of
Fuel Efficient Vehicles (PHEV) through a decreaseRetail Market Price. The increase in
Vehicle Fuel Efficiency would decrease the cost of driving (rebound effect), and possibly inhibit
the amount of GHGs reduced per vehicle. A carbon tax (orange box) would have the opposite
effect by increasing the cost of driving a gasoline vehicle leading tevkese rebound effect.
Also, the increased cost of driving would provide an incentive to purchase an aiéefueit

vehicle.
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Depending on the magnitude of each policy, the theoretical CLD scenario neay diff
For instance, the medium carbon tax case shown in Figure 56 does not providecastgnifi
enough incentive for consumers to purchase PHEVs. On the other hand, the medium PHEV
subsidy case provides enough of an incentive, resulting in a 23% market shareRHIBV
purchases by 2020.

In combination, both the decreasdRatail Market Price of PHEVs due to the subsidy
and the increase i@ost/mile caused by the carbon tax result in nearly doubling the market share
of PHEVs by 2020. In comparison, the high carbon tax/high PHEV subsidy case resués i
a 50% market share of PHEV purchases by 2020 (Figure 57) and tailpipeoamfssin

gasoline vehicles plummets to 300 million metric tons Gfom 1200).

Comparison of New PHEV Purchase Market Share - High Carbon Tax
and High PHEV Subsidy Scenarios
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Figure 57 High PHEV Subsidy/ High Carbon Tax Scendp Results: New PHEV purchase market share.

Therefore, a synergy exists when a carbon tax can add an additional inaantive f
consumers to switch to PHEVs. The “devil is in the details” though. If the catbantta low,
the policy acts in much the same way as just a PHEV subsidy, so the portfsioiexiame
only (Scenarios 10, 11, 12, and 19). If the subsidy is too high, consumers will trend more to
PHEVs (Scenarios 21 and 30), but at a rate identical to the individual policy case.

While the domination of the high subsidy inhibits the combination from acting

synergistically, it results in the issue of shifting emissions from th@gaito the electric grid.
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Figure 58 shows a roughly 2% to 100% increase in upstream fuel emissionkdroge tof grid
electricity in the high combination portfolio option than compared to just the high sursidy
carbon tax cases. Further, because there are now a significant number of PHE/oad,t
those upstream emissions continue to increase over time, resulting in a long teemsour
GHGs.

Comparison of PHEV Upstream Fuel Emissions - High Carbon Tax ahHigh
PHEV Subsidy Scenarios
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Figure 58 High PHEV Subsidy/ High Carbon Tax Scendp Results: PHEV Upstream Fuel Emissions.

The policy synergy cases indicate that optimizing GHG reductions is nasjssnple as
finding the correct mix of policy instruments, but also about finding the comeobf
magnitudes. While such a statement may seem obvious, it isn’t until the feedleaciepped
out and quantitative data is produced that policy makers can realize whatdeseti®ach
policy. What may look like a theoretical synergy in a decision maker’'s meata#irar even the
CLD can easily result in resistance if how aggressive or passive a politpengaot chosen

carefully.
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Figure 59 CLIMATS CLD with PHEV subsidy/carbon tax portfolio scenario.
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5.2.2 Policy Portfolio Analysis of Additional Unintended Consequences

Individually analyzing each policy portfolio produced findings of potential igyes and
resistance as well as what transportation system feedbacks causezffdutse While each of
these snapshots is useful and necessary, it is difficult for policy makesess assuite of
portfolio options and the effects of the feedback interactions just discussed.

The final step in this study’s analysis attends to this issue. The followingljlstsaie
the percent difference of the full range of portfolio scenario emission redsiétom a no policy
case. To be clear, the data does not show reductions in reference to the sum ofshef theult
individual policies, so it does not directly analyze for synergy or resistdnstead, the plots are
meant to graphically assess the non linearity of emission reductions, providingred disight
into potential unintended consequences.

For each plot, the axes represent one of the two policies that make up the portfolio and

colors are used for emphasis and ease of discussion.

5.2.2.1 Carbon Tax/PHEV Subsidy Portfolios
Figure 60 plots 2020 total LDV emission results for all portfolio combinatioas of

carbon tax from $0 to $500 per ton £ahd a PHEV subsidy from $0 to $6000 per vehicle. A
series of unintended consequences are clear. First, it takes a sigoidsont tax (up to $225
per ton CQ) or PHEV subsidy (roughly $2700) to individually reduce emissions by 2%. In
combination, only half of those values are needed to reach the same 2% level.

Once policy values exceed those needed to reach 2% individually or in combination,
larger emission reductions are made with small marginal increasegmtude. Thiglateau is
an unintended consequence policy makers must take into account. It isn’t enough to just
implement a policy; it must be significant enough to overcome inhibitions caussdteyn
feedbacks and begin haviagy effect.

A second unintended consequence is the plateau in emission reductions as policy values
increase. For example, a portfolio containing a $300 per tarc@®on tax has the same
emissions reductions with both a $5000 and $6000 PHEV subsidy. Policy makers should
account for this effect otherwise funds that could be used for other purposes aalbeaigd

with no marginal emissions benefit.
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Third, portfolios resulting in greater emission reductions than each indiypdliey as
well aspotential synergies are more clearly apparent. All scenario values that fail thlen
diagonal lines (from top left to bottom right) through the middle of the plot are chgeeater
emission reductions when implemented in combination. Wimdow of opportunity between

the tipping point and the plateau is where policy synergies can be found and wherenp&kcs
should narrow their choice if multiple policies are sought.

2020 Percent Difference in Total LDV CO2 Emissions from Base Case
Due to PHEV Subsidy/Carbon Tax Portfolio Scenarios

8

8

Carbon Tax ($Ton CO2)
g

1000 2000 5000 6000
PHEV Subsidy ($) [
Ll\bte: Initial simulation year is 2006. Base Case is AEO 2009 Update CLIMATS run.

Figure 60 Percent difference of 2020 total LDV emssons from base case: PHEV subsidy and carbon taxogfolios.

An individual assessment of the combinations in the window, such as the method used in
the first half of this analysis, is necessary to discern cases of syneggystance. For instance,
using Figure 60 shows that a $3000 PHEV subsidy and a $300 per tara®on tax result in
4% reductions if implemented individually (a sum of 8%). If implemented in combindtm®n, t

emission reduction is 18%, so it is a case of policy synergy. Conversely, if the SUBENMYy is
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increased to $5000 (a 17% reduction) and the carbon tax stays the same (so a sum of 21%), the
portfolio combination results in a 19% reduction, therefore policy resistance.
Through this individual scenario assessment, using the plots, another interesting
characteristic becomes apparent. The width of the lines (i.e. isoplethsingneetant
information about thenarginal benefit of each policy scenario. The marginal benefit can be
defined in this instance as the percentage reduction resulting from a unitenarpatcy
(either individually or in combination). For example, if an individually implencRidEV
subsidy is increased from $3000 to $4000, an additional 8% LDV GHG reduction resths. If
same subsidy is increased to $5000 from $4000, only a 4.5% LDV GHG reduction occurs. The
benefit of additional subsidy decreases.
This same thinking can be extended to portfolios. Any combined scenarios that fall
within the window of opportunity result in synergy and therefore an increasingnakbginefit.
In comparison, a $100 carbon tax and $1000 subsidy results in a 2% GHG reduction, but a $200
carbon tax and a $2000 subsidy results in a 6% reduction. Increasing those policyovBB0es t
and $3000 respectively then results in a 18% reduction, an 3 times increase in manegiiital be
Therefore, not only do the plots indicate interesting unintended consequencedsdhey
provide policy makers what policy values will give them a “greater ban@pdédouck”. Policies
that represent a decrease in marginal benefit may be more costly torréesss than optimal

reduction results.

5.2.2.2 CGV Fuel Economy Standard/Carbon Tax Portfolios
Figure 61 plots 2020 total LDV emission results for all portfolio combinations of a

carbon tax from $0 to $500 per ton £&hd a fuel economy standard on gasoline vehicles from
0% to 3% annually. One significant characteristic of this portfolio is imneddiapparent —
implementing both policies together is not ideal because of significant pedisgance.
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2020 Percent Difference in Total LDV CO2 Emissions from Base Case
Due to FES/Carbon Tax Portfolio Scenarios
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Ll\bte: Initial simulation year is 2006. Base Case is AEO 2009 Update CLIMATS run.

Figure 61 Percent difference of 2020 total LDV em&ons from base case: CGV fuel economy standard amdrbon tax
portfolios.

The convex effect of the plot signifies that when implemented in combination, the
emission reduction potential is the same or only slightly better than if eaehmplemented
individually. On the contrary, if the reduction isopleths weamrcave, emission reduction
potential is considerably greater than if each were implemented individualpotential
synergies exist.

The convex effect becomes more pronounced as policy values increase, meaning the
feedback effects causing the resistance become more acute with magRiblidg makers must
understand the small, marginal emission reductions realized when combining bao#spadh a
case such as this, it is just as relevant to implement just one policy. lmicast takes a $300
or greater carbon tax to realize any greater GHG reductions, though sa&ll5%o fuel
economy standard is implemented in combination.
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Furthermore, the marginal benefits of reductions are different for each.pdheyfuel
economy standard results in roughly the same marginal decrease in reductionenthenat
marginal increase in policy values. This can be simply identified by thé widhe isopleths on
the x-axis. Compare this to the carbon tax, which as an increasing margirfidldiene
reductions. As policy values increase, decision makers can expect gragieahmaductions.

In combination, both effects counteract depending on the magnitude of each policy. For
example, if the policy combination includes a high carbon tax and a low fuel economydtandar
an increasing marginal benefit can be expected. The opposite occurs for ggnessiae

standard and a low carbon tax.

5.2.2.3 CGV Fuel Economy Standard/PHEV Subsidy Portfolios
Figure 62 plots 2020 total LDV emission results for all portfolio combinatiors fioel

economy standard on gasoline vehicles from 0% to 3% annually and PHEV subsidies from $0 to
$6000 per vehicle. Of interest is the combination of characteristics frometfieys two policy
portfolios present in the plot.

For all values of a fuel economy standard, the benefit of an additional PHEV subsidy
does not increase until the subsidy is set greater than $2500 per vehicle platealikevthe
carbon tax/fuel economy standard plot, policy synergies do not exist until the RiBENys
increases. Of note though is the plateau in emissions benefit once subsidy valudserea
maximum plotted levels. Greater emission reductions for portfolios comparediviaual
policy implementation is found in a window of opportunity between both characteristioasuc
in the concave isopleths found in the top right corner. Possible synergies maystlberexas
well, given the individual analysis discussed previously.

Policy makers must understand that deep emission reductions using both pdiomly ar
possible at larger magnitudes. Utilizing smaller values to reach gredtetions, such as in the
carbon tax/fuel economy standard portfolios, is not possible. Implementing sucfokoport
strategy must be explicitly planned to take advantage of the window oftopipypfor greater

portfolio GHG reductions and if not, individual policy action may be more useful.
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2020 Percert Difference in Total LDV CO2 Emissions from Base Case
Due to FES/PHEV Subsidy Portfolio Scenarios
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tl\bte: Initial simulation year is 2006. Base Case is AEO 2009 Update CLIMATS run.

Figure 62 Percent difference of 2020 total LDV em&ons from base case: CGV Fuel economy standard afHEV
subsidy portfolios.
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6 Conclusions and Recommendations

This study was conducted for two purposes. First, was to demonstrate a more
comprehensive approach to conceptualizing transportation climate-eneyygolposals by
using a systems dynamics methodology. In doing so, a qualitative CLD was dewlstouc
theoretically discuss important feedback loops vital to GHG reduction poliCles CLIMATS
guantitative model was then developed using the CLD as a framework andtrétevature as
guidance.

Generally, CLIMATS performed well when validated against the AEO 2009 Update da
While not perfectly mimicking AEO predictions, the model produced usable, reasonably
accurate data capable of policy analysis that provided additional and uniqueimsight
transportation feedbacks and emission sources. A sensitivity analysiswdasted to
demonstrate the models capabilities and present useful information regardemgehbted
impact specific system variables could have on emissions reduction potential

Using CLIMATS, the second purpose of the study was fulfilled. Three oftenLdXeéd
emission reduction policies — a carbon tax, gasoline vehicle fuel economy standarndEand P
subsidy - were simulated both individually and in combination at different magsitodssess
possible unintended consequences. The analysis resulted in a series of brbedimaithe

portfolio making process, which is summarized below:

1. Both the mix of the policies and each instruments magnitude are vital to emission
reductions. The portfolio plots illustrated that system feedbacks cause nonlinearities in
GHG reductions. Policy synergy can be met if two policies are implethante
combination, but in many instances, policy resistance is met if values agedhaither
positively or negatively. It is not enough for policy makers to choose the ttorrec
instruments to implement in combination to take advantage of synergy because the
correct magnitude is just as important.

2. Policy resistance occurs more often than not though portfolios do result in greater
emission reductions. Of the 27 portfolio scenarios, 24 resulted in policy resistance and
the portfolio plots illustrated that policy combinations do not necessarily leadeogsy

Further, results showed that there is may only a window of opportunity to takeagk/ant

109



of system feedbacks to result in greater reductions. More often, resistareteaisd
individual policies could more easily reach intended goals, so the intentions of the poli
maker must be made clear. If policy makers are trying to augmenhgxpstiicies with
complementary mechanisms to result in deeper cuts in emissions, values within the
window can be used. If policy makers are creating a portfolio to optimizesiemi
reductions, then greater care needs to be taken in choosing policy magnitudes.

3. Too much policy is not always better and too little policy is often not significant. The
portfolio plots illustrated that marginal benefit plateaus exist. Pobaybinations that
include a fuel economy standard, for example, need greater policy values empave
effect. PHEV subsidies can lead to greater reductions once past a tipping point value, but
eventually reach a level where little benefit is realized if the sulistdgases. Special

care in setting the optimal, emissions reducing value must be taken.

Given study results, a portfolio approawm be used to address the climate-energy
conundrum, but within the constraints just discussed. The residence of time iof tG®
atmosphere and the sectoral policy approach viewed as necessary td@eE@se=quires such
thinking. Complex feedbacks in systems, such as transportation, can be leveragell o r
higher impact cuts in emissions. To fulfill society’s need to reduce GHGstaeresby mid
century (given that it is only 40 years away) synergistic policies isugipla method of doing
so. With that in mind, a series of general policy recommendations can be rmad®bdhe
analysis, given modeling assumptions made in CLIMATS, and from stricyngssion

reduction point of view.

1. Acarbon tax greater than $300 per ton of CO, is necessary to result in meaningful
emission reductions, if implemented individually. The low and medium value carbon
tax scenarios resulted in very little GHG reductions and only values between $300
and $1000 were significant. Such a value may not be politically feasible askewill
conceived as a considerable tax on gasoline and other fossil fuels, so narrowly
focused policies, such as a PHEV subsidy can be used to allow for lower values of the

tax, while resulting in the same emission reductions.
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2. Afue economy standard is not a long term emission reduction solution. Based on the
consumer utility function used in CLIMATS, policy portfolios that include a FES
inhibit the long term transition to alternative fuel vehicles. While graduabver
does occur, the FES dampens the effects of vehicle subsidies and a carbon tax. Policy
makers should view a fuel economy standard as a short term solution to address
present day environmental issues, such as smog, but not a long term strategy, even in
combination.

3. All policy choices must carefully consider the rate at which the electric gridis
decarbonized. While the electricity generation sector was outside the purview of this
study, analyses that included PHEVs showed that more aggressive peédieg) [to
a greater market share of electric battery vehicles ran the risk @dfrghemissions
from the tailpipe to power plants. If PHEVs are considered the alternative fuel
vehicle of the future by policy makers, complementary actions aallossctors of
the economy must occur. If electricity decarbonization is not expected to occur
quickly, other vehicle options like HEVs, may be more emissions friendly and should
be targeted by public policies.

In conclusion, this study provides a unique, usable, and comprehensive methodology for
analyzing transportation climate-energy policies. It is unique in thatatsfis on the
interactions of the many subsystems and dynamics present in the transpoetatondich
differs widely from the modeling methods used today. It is usable in that it pravikdsiled
and focused analysis that can instantly inform the policy making processaflnethat
policies can reduce emissions, but the magnitude different levels of emedumtions can be
met. It is comprehensive in that the basic framework (i.e. CLD) includes nunseitmsystems
important to transportation, but also how each interacts. By explicitly adttyebe web of
connections that make up complex systems, the system dynamics approach provodes

accurate representation of policy effects.
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7 Validity Concerns

If CLIMATS is viewed as a snapshot in time and under the lens of a seasonetssyste
modeler, it would be considered a failure and conclusions made would be said tiydre far
accurate. In fact, the famous systems thinker John Sterman once saidl tetiSeons are
based on models and all models are wrong (Sterman, 2002).” In reality thoughAT&IM
should not be viewed as just a singular, frozen model. It should be viewed as a work issprogre
in the same way systems thinking teaches its students to do.

If all models are wrong — and by definition, all models are simplificatiomeadfworld
systems, so theywust be wrong in theory — then CLIMATS is best viewed as an advanced step in
the right direction. It provides additional information to policy makers that tlagynot have
received otherwise, of which policy conclusions can be made. It is also isstshefp in a
series of many variations that ultimately will lead to a more acessastems model.

Furthermore, according to Sterman, the next step in becoming a systems thihker i
acceptance of weaknesses found in one’s work. In accordance with this, the following
weaknesses exist in the study that raises validity questions.

The most egregious validity issue is the lack of cohesiveness between tren@LD
CLIMATS. A number of dynamics, which were thoughtfully described in the CLibhpsrtant,
were not included in the quantitative model due to still being under research and development
A reader would be correct in asking why CLIMATS is valid if only a portion of tedidacks
described in the CLD were coded. In short, CLIMATS is still valid as long agshéig are
placed in context of the assumptions made.

For instance, the fuel economy standard simulations were only for gasolineseind
excluded the complex decision making process of producers. The assumption that all ne
gasoline vehicles would meet the new standard is faulty, but serves the purgbsesnalysis
by testing the viability of a standard (though optimistic in nature) with othengmli The same
can be said of the vehicle subsidies, which in reality have strict quantity, Isaido not last for
the length of time simulated in the model. While incorrect, the assumptions tileallwed
for an analysis ofiow much a subsidy would need to be to reach certain emission reduction

goals.
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This omission of endogenous feedbacks and the use of exogenous variables to
parameterize those feedbacks also raise another interesting questibe: synergies and
resistance discussed in the conclusions robust if additional feedbacks areoa@dBATS.
Adding balancing or reinforcing dynamics to the system may cause studtg teschange.

Given the omitted feedbacks discussed in the CLD, but not included in CLIMATS, it se&ms a
such additions would trend results to increasing policy resistance.

For example, including a used car market (a balancing loop), theoreticallg fucihier
lag the transition of new vehicle technology and inhibit the short and midterm iofEaBtHEV
subsidy. The material subsystem loops (balancing loops) theoretically vedulcerthe
emission impact of alternative fuel vehicles and vehicle lightweightingigingg more policy
resistance. On the contrary, if consumer and producer learning dynammts¢reg loops) are
included, policy synergy could be enforced.

Another concern is the validity of the model over time, especially in regardstyg pol
analysis. The time span of model simulations was short — 26 years — but beocadse br
assumptions about policy implementation were made, the accuracy of emissidionsdueer
time decreases. While the model validated reasonably well with AEO 2009 Upetditgipns,
policy analysis was still kept constrained to 2020 emissions to limit simlissues.

A third, and equally important, concern is the use of exogenous growth variables in the
absence of model dynamics. Systems modeling specifically statesdhstavery variable is
endogenous and system boundaries must be questioned until this occurs. Unfortunately, due to
technological and time limitations, growth factors had to be used. Care was taken & choos
factors that are widely cited, defended, and analyzed to limit biases. Nditvgg analysis
presented the importance of each of these growth factors and both those goverfiagd/M
new vehicle sales had the highest impact. Fortunately, both factors are augmémedadel
by endogenously calculated dynamics (e.g. rebound effect and scrappagefedl)| &b
greater realism and accuracy is assumed here.

Fourth, the policy conclusions only tell half the policy making stories. GHG reducti
policies, as with all of public policy, are also discussed within the context of Ca$MATS
does not calculate the cost to taxpayers and producers of each policy scenasmn Dekers

will require such data to assess the political feasibility of the portfoliee seme request can be
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made to require the number of jobs portfolios will create or eliminate. While not@omm
outputs of climate change related policies, it is a metric used by legisiat@nk their options.

In general, any one of these validity issues can be used to doubt any portion of the
analysis presented. While a valid criticism, CLIMATS and its underlgssymptions still
fulfill its purpose to assess the impacts of policies on GHG emissions. ABliaiéd be viewed
within the context of this purpose and the details of the model. Future versions of CLIMATS
will undoubtedly address many of these validity concerns. Conclusions made in thigrstudy
not to be cast aside, but instead used to add to the growing transportation-ahiengte-e

literature and progress the broader policy making discussion.
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8 Future Work

If recognizing and accepting the weaknesses of one’s work is the first stepimihga
systems thinker, then planning on how to move forward is the next. Considerable work needs to
be done to strengthen CLIMATS, through adding additional capabilities and providiag mor
depth to policy analysis. Unfortunately, because of the complex nature of the traispor
system, as system boundaries expand, so does the necessary time and eééfdtonaedel and
perform analysis. Therefore, these suggestions should be viewed as mid and Iguaterm

The current steps need to be taken, in the following order, to realize an all ersiampas

transportation sector systems model that can simulate any number of -@meagg policies.
This list is optimistic (and possibly outlandish), but includes the pieces neetia:t

CLIMATS to the next level of analysis.

1. A US macroeconomic submodel needs to endogenously calculate income,
unemployment, and population growth. By including these variables, other important
calculations can be made including more accurate scrappage rates, cormsicesofc
vehicle classes, and other purchasing decisions. A macroeconomic model would also
allow for the analysis of an economy wide cap-and-trade policy, which ncayneea
regulatory reality in the coming years, requiring future analysisdoust for its
effects.

2. A producer decision making submodel is needed to interact with the consumer making
submodel to calculate vehicle price, endogenously set vehicle attributes, and
realistically model CAFE standards. This may be the most difficult tmnagicsh due
to the limitations of the systems dynamics software and the lack of truly tarcéng
how producers make business decisions. Endogenously calculating vehicle attributes
and price would be a significant accomplishment to the transportation policy analysi
field.

3. A material choice submodel is needed to assess the lifecycle emissions resulting from
the mining, production, and use of the materials used in vehicles. This is an emissions

source that often gets overlooked, so by extension it has not been modeled extensively.
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6.

This development would ideally succeed a producer decision making submodel
because both are intertwined.

Consumer and producer learning submodels are vitally important to policy analysis

and must be included. The impact of “consumer learning,” where, for example, a
neighbor owning a PHEV makes it more comfortable for others to purchase their own,
is a realistic effect that is being used in other systems models. Alsdfeitteoé
economies of scale on reducing average unit costs for vehicles is imperaticellspe
for alternative fuel vehicles. As vehicle manufacturers gain knowledgendiiction
systems for new types of vehicles, and as the sales volumes for thesesverbielase,
one might expect unit costs to decrease once a certain production thresholded.reach
A more realistic consumer choice submodel may be necessary, but futile. There are
numerous consumer utility submodels available and each has been validated to work
under specific conditions. The Greene submodel was specifically chosen due to its
extensive list of decision attributes and its use in prominent government analysis
Ideally, a new, more accurate consumer submodel will emerge, but it may beamgces
to allow for users to switch between different versions and assess the impatt of ea
analysis.

A consistent and inclusive data set used across all future CLIMATS analysis is
absolutely needed. Among other weaknesses, policy analysis can only bera® accu
as the input data, so a master listing of all data is a must. This list should ,iatlade
minimum, historic vehicle sale, populations, and attributes for use in verifyingiturre

day simulations and validate future predictions.

The key to the first five, broad additions to CLIMATS is that submodels and the f&edbac
each encompasses are kept within the systems dynamics environment as thadk@nology
will allow. In doing so, interactive dynamics will be sustained and not comprdysthe need
to transition information from one medium or software to another. While a model thatdacl
all of these aspects would be large and complex, it is keeping all feedback lacpghit is
most important. If outside software must be used, special care should be taken tthahsilre
dynamics are included; otherwise CLIMATS begins to run into the same protiiatms

Integrated Assessment Models and NEMS incur.
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9 Final Thoughts

Former Vice President Al Gore recently stated, “We have to do [climatgeha
legislation] this year...the clock is ticking, because Mother Nature does notldotbai
(Heilprin, 2009).” The urgency (or ticking clock), imbued on the US and the rest obtloktey
act and reduce GHG emissions increases every day. The urgency beavmpainful once
it's realized that the path to sustainable energy consumption will be diffitkhé way of life of
most US citizens is firmly wedged within a fossil fuel driven systemufdo this long standing
connection in the short term, society must be both forced to claadgdfered a suite of
alternative options to ease the transition.

To forcefully change society, all citizens — consumers and producers begusto pay
for the environmental impacts their choices result in. This is the underpinning of dathoa
tax and a cap and trade policy. By setting a price on planet warming GHGsytlaetians that
have led the world to the perilous position it is in will become more costly. The hde is t
when faced with making traditional decisions at a greater price or n@yydigting choices at a
cheaper rate, consumers will choose the cheaper option. This transition is not that
straightforward.

This study showed that consumersrastient to change. It takes a significantly high
price on carbon to raise the price of fuel to a level that results in aniallesAtonsumer
decision making. It can be argued that the price of carbon necessary tor#sslthange is
not “politically feasible” due to the outcry from voters as energy priceeaser Can it not also
be argued that when the price of carbon becomes politically infeasiblmdre likely than not
that it is this price that will lead to a change in consumer decision makirgwaduldn’t
consumers lash out when faced with a choice they don’'t want to make? Consumers and
producers must be forced to make the unpopular choice in the short term and political
infeasibility may be a necessity.

Yet, the critical changes in decision making need to be made soon and many waslld arg
should have been made before now. To make the choice easier, alternative optiomaade be
available in combination. Policy makers can provide enough financial incemtineske
PHEVs affordable now instead of in a decade. For instance, policy makersticée a large

scale public works project to make homes capable of distributional energy, updatdipesye
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and install alternative fueling infrastructure. All can be done in the namalahgithe choice
of sustainable energy consumption easier.

This study showed that additional incentives aimed at alternaamesork. A
moderately aggressive PHEV subsidy combined with a carbon tax can lead tomssiere
reductions and a higher market share of alternative fuel vehicles. The Istudii@ved,
though, that the devil is in the details. If all emission sources are not accountagtiety
could easily be shuffling emissions from one source to another. Consumers driving mor
PHEVs can just shift emissions from the tailpipe to the power plant. Consuming maarE85
just shift emissions from burning gasoline to growing and producing crops. Platerigaion
reductions will be lessened and society may not reach the mid century GH@ déxypelcted to
meet.

To avert this, society must view climate change with a wide angle lense W&y be
necessary in this study to breakdown emissions into economic sectors foricatiqutif
purposes, each source is all the same. No GHG source is outside the bounds of good policy
making or modeling. Once an analysis sets artificial boundaries, aisineendations will be
hampered by unintended consequences, emission leakage, and other interactions not gaptured b
the study. Additional policies cannot be viewed within the narrow sector it is iraptechin,
but instead within the greater whole.

In general, systems dynamics is well positioned to address this and adimthte-
energy policy making process. Decision makers will choose policies eithlaritgxto take
advantage of synergies or because previously implemented policies argkirtigras well as
expected and need to be augmented. The types of analysis performed in thefehmilges
needs. Proposed policy portfolios can be simulated and tested for interactiteafteby
plotting all cases of a portfolio, policy makers can be informed of future regis system
feedbacks. Ultimately, theope is systems dynamics leads to better decisions, though the onus
still falls on theperson making the decision.

Unfortunately, time is running out and the number of choices is decreasing. Analysis
showed that given three specific policies, there were more numerous casestarfice than
synergy. The window of opportunity to maximize reduction potential is constrained. The

number of pitfalls policy makers can fall in are more numerous than this staayldue to the
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political, cultural, financial, and technological hurdles that any portfolio, ncemaiv optimal,
must go through.

In reality, the very need to maximize the consequences of policy decisiongnstlaadi
society is getting nervous. Now, more than ever, society needs to limit futatendad
consequences and take out its wide angle lens. Even then, there is no telling if theat wil
enough. All anyone can hope for is that the select few who are in a position to ¢reanwgeld

remembers that no less than the preservation of the planet is at stake.
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Appendix 1 Causal Loop Diagram Variable Details

Appendix 1.1 Causal Loop Variable Listing, Description, and Units

Variable - . Component
(alphabetical) Description Units of Lgop?
Cost/Mile The cost to the consumer per vehicle mhileen. dollars / mile B6, B7, R1
Degree of Market Saturation The percentage of maxirsaturation of vehicle ownership in percent B8
the United States. As total Market SaturationéasesNew
Vehicle Purchases increase, and vice versa.
External Sources of Recycled Amount of recycled material drawn from sources pthan kilograms No
Material scrapped vehicles -- for instance, aluminum reclyflem cans
used in vehicle production.
Fuel Demand Consumer demand for vehicle fuel, tyreelated to th@otal | gallons B6, B7, R1
Miles Traveled for the vehicle population.
Fuel Emissions Factors Conversion factors, inclgdire carbon fraction of gasoline, | CO,/ (gallon of | No
that equate fuel consumption to emissions produvetd; that | fuel consumed)
these could capture upstream emissions (emisgiomsthe
production and delivery of fuel to the vehicle) atwvnstream
emissions (emissions from the use of the fuel énbhicle).
Fuel Price The price of a gallon gasoline equivialgge) of vehicle fuel. dollars / gge B1, B6,
B7R1
In-Use Emissions Total tailpipe emissions g-@mitted by the vehicle million metric No
population per year. tons of CQ
Lightweight Material Demand| Amount of lightweightaterial (e.g., aluminum) needed to | kg/yr No
produce the new year's vehicle population. Lightying is
one method producers can use to meet efficiencg.goa
Lightweight Material Price The price of lightweigtmaterials (e.g., aluminum) needed to| dollars/ B2, B3
manufacture thdlew Vehicle Purchases. kilogram
LW Recycled Material The amount of recycled lightweight material produé®m the | kilograms/yr B2
Production Number of Scrapped Vehicles in the given year.
LW Recycled Material Stock The total amount of ey lightweight material available for| kilograms B2
vehicle production; this is determined by the mateecycled
from theNumber of Scrapped Vehicles and other external
sources.
LW Virgin Exploration and The amount of new virgin lightweight material praed kilograms/yr B3
Production annually.
LW Virgin Material Stock The total amount of virgiightweight material available for kilograms B3
vehicle production.
Marginal Production Cost of | The cost to the producer for increasing fuel efficy in a new | dollars / mile B5
Efficiency vehicle by one mile per gallon. per gallon
Market Retail Price The retail price of a new védic dollars/vehicle B5
Market Share of Fuel Efficien{ The share of the total vehicle market belonginfyiéb efficient | percent B6
Vehicles vehicles; this is affected by consumers’ utilitpétions.
Material Emissions Factors Emissions per unit ofemal (virgin or recycled) produced. million mietr | No
tons of CQ/ kg
of material
Miles/Veh. Miles traveled per vehicle in tReesent Vehicle Population for | miles/vehicle-yr| B7, R1
a given year.
New Vehicle Demand The number of new vehicles detedrfor a given year. vehicles/yr B1, B9, B5
B8
New Vehicle Purchases The number of new vehicleshased in a year; determined | vehicles/yr B9, B5, B8
by the degree of market saturation and the priger@w
vehicle vs. the price of a used vehicle.
New Vehicle Price The price of a new vehicle, deiaed by market equilibrium | dollars B4, B5, B1
achieved by producers (maximizing profit) and caners
(maximizing utility).
Number of Scrapped Vehicleg The number of vehsteapped per year, determined by the vehicles/yr R1
scrappage rate of each model year vehicle popuolatio
Present Vehicle Population Total vehicle populatioa given year. vehicles R1, B8, B9
Producer Emphasis on The extent to which producers emphasize fuel efficy as a emphasis value| No
Efficiency vehicle attribute.
Producer Supply of New Producers’ supply of new vehicles in a given year. vehicles/yr B4, B1

Vehicles
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Variable - . Component
(alphabetical) Description Units of Lgop?

Production Cost Total cost of vehicle productiosdzhon the cost of materials| dollars/vehicle No

and technologies needed to meet vehicle efficiemy

performance attributes.
Production Emissions Emissions (e.g.,AL@oduced in the manufacturing stage off million metric No

the New Vehicle Purchases population per year. tons of CQlyr
Recyclability The percentage of total availableysded material that is % No

reusable after the recycling process.
Relative Marginal Utility of The ratio of consumer utility of one mile per gallof fuel units of utility / | B6
Efficiency vs. Performance efficiency to one unit of performance, where irstekample mile per gallon

vehicle acceleration and horsepower are used ageprior

performance.
Scrappage Rate The percentage of each model yieiatevpopulation that is % R1

scrapped each year.
Total Lightweight Material The total amount of lightweight material (both virgnd kilograms B2, B3
Stock recycled) available for vehicle production in aegiwear.
Total Vehicle Miles Traveled The total miles traaelper year by the vehicle population. miles/year 7, Bl
Unit Profit Producer profit on each vehicle soldaigiven year. dollars / vehicle B4
Used Vehicle Prices The price of used vehiclesdivan year. dollars / vehicle B9
Vehicle Fuel Efficiency The fuel efficiency of tivehicle population. miles / gallon | No

of fuel
Vehicle Production Emission | Emissions due to the production of vehicles. Millimetric | No
Factors tons of CQ/
vehicle
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Appendix 1.2 Causal Feedback Loop Classification and Components

Balancing (-)
L] of Full Name Components External Elements Influencing Loop
ID Reinforcing
+)
R1 Reinforcing Scrappage of Number of Scrapped Vehicles Present Vehicle Population
(+) Aging Vehicles Present Vehicle Population New Vehicle Purchases
Effect Total Vehicles Miles Traveled Market Share of Fuel Efficient Vehicles,
Fuel Demand
Fuel Price
Cost/mile
Miles/Veh.
Scrappage Rate
B1 Balancing (-) Vehicle Price- Producer Supply of New Vehicles Unit Profit
Demand Effect New Vehicle Price Used Vehicle Prices
New Vehicle Demand Degree of Market Saturation
B2 Balancing Recycled Material Lightweight Materfaice Recyclability
LW Recycled Material Production Number of Scrapped Vehicles
LW Recycled Material Stock External Sources of Recycled Material
Total Lightweight Material Stock LW Virgin Material Stock
Lightweight Material Demand
B3 Balancing Virgin Material Lightweight Materiatiee Lightweight Material Demand
LW Virgin Exploration and Production | LW Recycled Material Stock
LW Virgin Material Stock
Total Lightweight Material Stock
B4 Balancing Producer Profit New Vehicle Price Production Cost
Unit Profit New Vehicle Demand
Producer Supply of New Vehicles
B5 Balancing Producer- Market Retail Price Vehicle Fuel Efficiency
Consumer New Vehicle Price Marginal Production Cost of Efficiency
Interaction Effects | New Vehicle Demand Lightweight Material Demand
New Vehicle Purchases Recyclability
Present Vehicle Population External Sources of Recycled Material
Total Vehicles Miles Traveled LW Virgin Material Stock
Fuel Demand Degree of Market Saturation
Fuel Price Used Vehicles Prices
Cost/mile
Miles/Veh.
Scrappage Rate
Number of Scrapped Vehicles
LW Recycled Material Production
LW Recycled Material Stock
Total Lightweight Material Stock
Lightweight Material Price
Production Costs
Unit Profit
Producer Supply of New Vehicles
B6 Balancing Consumer Market Share of Fuel Efficient Vehicles| Total Vehicle Miles Traveled
Demand for Fuel | Fuel Demand Marginal Utility of Performance
Efficient Vehicles | Fuel Price New Vehicle Price
Cost/mile
Relative Marginal Utility of Efficiency
vs. Performance
B7 Balancing Fuel Demand Fuel Demand Market Share of Fuel Efficient Vehicles,
Fuel Price Present Vehicle Population
Cost/mile Vehicle Fuel Efficiency
Miles/Veh.
Total Vehicle Miles Traveled
B8 Balancing Market Saturation Degree of Market Saturation Number of Scrapped Vehicles
of Vehicles New Vehicle Demand Used Vehicle Prices
New Vehicle Purchases
Present Vehicle Population
B9 Balancing Used Vehicles Used Vehicle Prices Degree of Market Saturation

Population

New Vehicle Demand

New Vehicle Purchases
Present Vehicle Population
Used Vehicles for Sale

New Vehicle Price
Number of Scrapped Vehicles.
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Appendix 2 CLIMATS Quantitative Model Details

Appendix 2.1 CLIMATS Model Variables, Descriptions, and Subsystem

Components
Variable Full Name Description Subsystem(s)
(alphabetical)
% Driven on Percent Driven on User inputted values that allocate the percentatime each vehicle | Cohort
Gasoline Gasoline class/vehicle fuel type is driven using gasoliMalues not inputted
for FFVs. Variable only used for vehicle types sabject to the Fuel
Choice Submodel.
% Use of Fuel Percent Use of Fuel Allocates thegrgruse of each fuel (gasoline, diesel, elecyrieihd | Cohort
E85) for each vehicle class/vehicle fuel type fith@ input variables
% Driven on Gasoline and the Fuel Choice Submodel.
Acceleration Acceleration Inputs the acceleratiberarh new vehicle class/vehicle fuel type Producer
entering the market.
Aging Vehicles Aging Vehicles A flow variable inglvehicle population cohort submodel that Cohort
simulates the aging of vehicles from year to year.
Annual Change in | Annual Change in Fuel Flow variable that calculates the annual chandkeravailability of Producer
Fuel Availability Availability each fuel type.
Annual Change in | Annual Change in New Flow variable that calculates the annual changesim vehicle Cohort,
Fuel Economy Vehicle Fuel Economy class/vehicle fuel type fuel economy. Consumer,
Producer
Annual Change in | Annual Change in New Flow variable that calculates the annual changeemmaintenance Consumer,
Maintenance Cost | Vehicle Maintenance Cost| cost for new vehicles. Producer
Annual Change in | Annual Change in Flow variable that calculates the annual changeémumber of Producer
Make/Model Make/Model Availability make/models available for each vehicle fuel type.
Availability
Annual Change in | Annual Change in New Flow variable that calculates the annual chandgberrange (per tank | Producer
Range Vehicle Range of fuel) of new vehicles.
Annual Change in | Annual Change in New Inputs the annual percentage change in vehicls.s&an be used in | Consumer
Sales Vehicle Sales model scenarios to simulate different macroecondreitds in
consumers buying vehicles.
Annual Change in | Annual Change in Untaxed Flow variable that calculates the annual changal ifuel prices due to] Consumer
Untaxed Fuel Price | Fuel Price exogenous perturbations.
Annual Change in | Annual Change in New Flow variable that calculates the annual changkerprice of new Producer
Vehicle Price Vehicle Price vehicles.
Annual Change in | Annual Change in A flow variable that represents the annual changke VMT of each | Cohort
VMT Individual Vehicle Miles vehicle in use in all model cohorts. Change ocduesto
Traveled macroeconomic trends captureddinual Growth in VMT and the
rebound effect captured €hangein VMT FC.
Annual Growth in Annual Growth in Inputs the annual percentage change in VMT. Causkd in model | Cohort
VMT Individual Vehicle Miles scenarios to simulate different macroeconomic sénd¢onsumers
Traveled buying vehicles.
Annual LDV Annual Light Duty Sums all annual LDV emission sources to reporaasjportation wide | Fuel and
Emissions Vehicle Emissions value, similar to that reported in ElAgnual Energy Outlook. Emissions
Annual Liquid Fuel | Annual Liquid Fuel A flow variable that represents the annual consiongif liquid fuel. Fuel and
Consumption Consumption Emissions
Annual Scrapped Annual Scrapped Vehicleg Calculates annual numibeshicles scrapped across all model Cohort,
Vehicles cohorts. Used as an input in new vehicle purchases Consumer
Annual VC Grid Annual Vehicle Class Calculates annual grid electricity emissions byisletclass. Calculations
Electricity Electricity Emissions
Emissions
Annual VC Liquid Annual Vehicle Class Calculates annual liquid fuel consumption by vehidhss. Calculations

Fuel Consumption

Liquid Fuel Consumption
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Variable Full Name Description Subsystem(s)
(alphabetical)
Annual VC Annual Vehicle Class Calculates annual number of scrapped vehiclesdsscl Cohort
Scrapped Vehicles | Scrapped Vehicles
Annual VC Tailpipe | Annual Tailpipe Emissiong Calculates annual tailpipe emissions by class. uations
Emissions by Vehicle Class
Annual VC Annual Vehicle Class Calculates annual total emissions by vehicle class. Calculations
Transportation Transportation Emissions
Emissions
Annual VC Annual Vehicle Class Calculates annual upstream fuel emissions by class. Calculations
Upstream Fuel Upstream Fuel-related
Emissions Emissions
Annual VC VP Annual Vehicle Class Calculates the annual in use vehicle populationlags. Calculations
Population
Annual VCVT Grid | Annual Vehicle Calculates annual grid electricity consumption biicle class/vehicle] Fuel and
Electricity Class/Vehicle Fuel Type | fuel type. Emissions
Consumption Grid Electricity
Consumption
Annual VCVT Grid | Annual Vehicle Calculates annual grid electricity emissions byielelclass/vehicle Fuel and
Electricity Class/Venhicle Fuel Type | fuel type. Emissions
Emissions Grid Electricity Emissions
Annual VCVT Annual Vehicle Calculates annual number of vehicle class/vehigi tfpes scrapped Cohort
Scrapped Vehicles | Class/Vehicle Fuel Type
Scrapped Vehicles
Annual VCVT Annual Vehicle Calculates annual tailpipe emissions by vehiclestighicle fuel type.| Fuel and
Tailpipe Emissions | Class/Vehicle Fuel Type Emissions
Tailpipe Emissions
Annual VCVT Annual Vehicle Calculates annual total emissions by vehicle clabétle fuel type. Fuel and
Transportation Class/Vehicle Fuel Type Emissions
Emissions Transportation Emissions
Annual VCVT Annual Vehicle Calculates annual upstream fuel emissions by welkiaks/vehicle Fuel and
Upstream Fuel Class/Venhicle Fuel Type | fuel type. Emissions
Emissions Upstream Fuel Emissions
Annual VCVT Annual Vehicle Calculates annual VMT by vehicle class/vehicle typke populations.| Calculations
VMT Class/Venhicle Fuel Type
Miles Traveled
Annual VCVT VP Annual Vehicle Calculates annual vehicle class/vehicle fuel typeutations. Calculations
Class/Vehicle Fuel Type
Population
Annual VMT Exogenous Annual Change A growth variable that allows users to input angsmous percent Cohort
Change EX in Vehicle Miles Travel change in annual VMT. Used to parameterize maora@nic and
cultural trends similar to those used by AEO.
Annual VT Grid Annual Vehicle Fuel Type| Calculates annual grid electricity emissions byisletfuel type. Calculations
Electricity Grid Electricity Emissions
Emissions
Annual VT Liquid Annual Vehicle Fuel Type| Calculates annual liquid fuel consumption by vehfciel type. Calculations
Fuel Consumption | Liquid Fuel Consumption
Annual VT Annual Vehicle Fuel Type| Calculates annual number of scrapped vehicles higleefuel type. Cohort
Scrapped Vehicles | Scrapped Vehicles
Annual VT Tailpipe | Annual Tailpipe Emissiong Calculates annual tailpipe emissions by vehiclétme. Calculations
Emissions by Vehicle Fuel Type
Annual VT Annual Vehicle Fuel Type| Calculates total annual emissions by vehicle fygbt Calculations
Transportation Transportation Emissions
Emissions
Annual VT Annual Vehicle Fuel Type| Calculates annual upstream fuel emissions by veffudl type. Calculations
Upstream Fuel Upstream Fuel Emissions
Emissions
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Variable Full Name Description Subsystem(s)

(alphabetical)

Annual VT VP Annual Vehicle Fuel Type| Calculates annual vehicle fuel type populations. Ic@ations
Populations

At Generalized Cost  Vehicle Price Slope Model constant for computing vehicle price slope. onS§umer
Generalized Cost Value

At Market Share Vehicle Price Slope Model constant for computing vehicle price slope. ong€umer
Market Share Value

At Market Value Fuel Choice Price Slope | Model constant for computing fuel choice price glop Consumer
Market Value

Available Scrapped| Available Scrapped A flow variable that simulates the use of scrappeicles for Cohort

Vehicles Vehicles material recycling purposes. Model currently ddesupport a

material production submodel, so the variable ssiolied.

B EXP Uk Battery Technology Utility| Calculates the exponent of consumer utility fotdrgt-independent | Consumer
Exponent vehicle technology.

B LN SUM EXP Battery Technology Calculates average consumer utility for batterdeppendent vehicle | Consumer
Normalized Utility technology.

B SUM EXP Sum of Battery Calculates the sum of the exponential for all comsuutilities for Consumer
Technology Vehicle battery-independent vehicle technology. Note,antrmodel structure
Utility only includes PHEYV in this category.

B Tech Type Share Battery Technology Calculates market share of battery-independentietéchnology. Consumer
Vehicles Market Share

B Uk Battery Technology Calculates consumer utility for battery-independestticle Consumer
Vehicles Consumer Utility | technology.

B VCVT Shares Unweighted Market SharesCalculates the unweighted market share for battetgpendent Consumer
for Battery-Independent vehicle technology.
Technology Vehicles

Baseline Fuel Baseline Fuel Availability Initial fractional avability of each fuel type. Producer

Availability

Baseline Fuel Baseline New Vehicle Fue| Exogenous variable that represents the new vehieleeconomy for | Cohort,

Economy Economy the initial time increment. Consumer,

Producer

Baseline Grid Baseline Grid Electricity User input values that provide the initial priceetéctricity as Consumer

Electricity Price Price published in the EIA Annual Energy Outlook.

Baseline Liquid Baseline Liquid Fuel Price|  User input values that/le initial liquid fuel prices (i.e. gasoline, | Consumer

Fuel Price diesel, and E85) as published in the EIA Annualrgyn©utlook.

Baseline Baseline New Vehicle Exogenous variable that represents the annual emasinte cost for the Consumer,

Maintenance Cost | Maintenance Cost initial time increment. Producer

Baseline Baseline Make/Model Initial number of make/models available for purahés each vehicle | Producer

Make/Model Availability fuel type.

Availability

Baseline New Baseline New Vehicle Exogenous variable used to represent the new eatatdil price, Producer

Vehicle Retail Price| Retail Price before subsidies or taxes, for the initial timer@ment.

Baseline Range Baseline New Vehicle Exogenous variable used that represents the necl@eange for the | Producer
Range initial time increment.

Beta Normalized Beta Normalized Vehicle | Calculates the rate at which scrappage rates kalhge as values near Cohort

VMT Difference Miles Traveled Difference | theMedian Accumulated VMT.

C EXP Uk Conventional Technology| Calculates the exponent of consumer utility foneartional Consumer
Utility Exponent technology vehicles.

C LN SUM EXP Conventional Technology| Calculates the average consumer utility for corieead vehicle Consumer
Normalized Utility technology vehicles.

C SUM EXP Sum of Conventional Calculates the sum of the exponential for all comsuutilities for Consumer
Technology Vehicle conventional technology vehicles. Note, currentleiatructure only
Utility includes gasoline, hybrid electric, diesel, and fleel vehicles in this

category.
C Tech Type Share Conventional Technology Calculates the market share of conventional tedyyolehicles. Consumer

Vehicles Market Share
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Variable Full Name Description Subsystem(s)
(alphabetical)
C Uk Conventional Technology| Calculates the consumer utility for conventionahtelogy vehicles. Consumer
Consumer Utility
C VCVT Shares Unweighted Market Sharg<Calculates the unweighted market share for coneeativehicle Consumer
for Conventional technology new purchases.
Technology Vehicles
Carbon Fraction of | Carbon Fraction of Fuel Model constant that reprssthe amount of carbon in a kilogram of Fuel and
Fuel fuel. Emissions
Carbon Per Gallon | Tons of Carbon Per Gallon Model constant that represents the amount of capbatuced by Fuel and
of Fuel of Fuel burning a gallon of fuel. Emissions
Carbon Per kWh Carbon Per Kilowatt-hour Model cansthat represents the amount of carbon produeed p | Fuel and
kilowatt-hour of electricity from the grid. Emissions
Carbon Tax Carbon Tax Variable representationazraon tax policy. Consumer
CE Acceleration Acceleration Coefficient Consumgsraodel constant used in utility function calcidati Consumer
CEFEMCC1 Fuel Economy Marginal | Marginal cost curve coefficient;.a Producer
Cost Curve Equation
Coefficient 1
CE FE MCC 2 Fuel Economy Marginal | Marginal cost curve coefficient.a Producer
Cost Curve Equation
Coefficient 2
CE Fuel Fuel Availability Consumer submodel constant used in utility functialculation. Consumer
Availability 1 Coefficient 1
CE Fuel Fuel Availability Consumer submodel constant used in utility functialculation. Consumer
Availability 2 Coefficient 2
CE Fuel Cost Fuel Cost Coefficient Consumer submnoatestant used in utility function calculation. 1Soimer
CE Home Refueling] Home Refueling for EVs | Consumer submodel constant used in utility functialculation. Consumer
for EVs Coefficient
CE Luggage Space Luggage Space Coefficient ~ Conssubenodel constant used in utility function caltiota Consumer
CE Maintenance Maintenance Cost Consumer submodel constant used in utility functialculation. Consumer
Cost Coefficient
CE Make/Model Make/Model Availability Consumer submodel constant used in utility functialculation. Consumer
Availability Coefficient
CE Multifuel Multifuel Capability Consumer submodel constant used in utility functialculation. Consumer
Capability Coefficient
CE Range Range Coefficient Consumer submodel aunssad in utility function calculation. Consumer
CE Top Speed Top Speed Coefficient Consumer subroodstant used in utility function calculation. 1Somer
CE Vehicle Price Vehicle Price Coefficient Consumsgibmodel constant used in utility function caltiola Consumer
Change in FC Per | Change in Fuel Cost Per | Calculates the annual change in fuel cost per fmileach vehicle Consumer
Mile Mile class/vehicle fuel type.
Change in Fuel Change in Fuel Economy Calculates the annual pectemge in fuel economy for each vehicleProducer
Economy classl/fuel type.
Change in Grid Change in Grid Electricity | Inputs the annual change in the price of elecyricit Consumer
Electricity Price Price
Change in Liquid Change in Liquid Fuel Inputs the annual change in the price of liquidsifee. gasoline, Consumer
Fuel Price Price diesel, and E85).
Change in Vehicle | Exogenous New Vehicle | Exogenous variable used to simulate the annualgehamnew vehicle | Producer
Price EX Price Change prices.
Change in Vehicle | Change in Vehicle Price | Calculates the change in new vehicle price dukdanhnual change i Producer
Price FE due to Change in Fuel new vehicle fuel economy.
Economy
Change in VMT FC| Change in Vehicle Miles | Calculates the change in VMT due to the changaéhdost per mile. Consumer

Traveled Due to Fuel Cost]
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Variable Full Name Description Subsystem(s)
(alphabetical)
Consumer Utility Vehicle Class/Vehicle Fuel Calculates the sum of the product of all vehicksslvehicle fuel type | Consumer
Type Consumer Utility attributes and coefficients, given that VCVT Switdlows market
penetration. Vehicle attribute coefficients arefiwed 'CE'; vehicle
coefficient/attribute products are prefixed 'Phiete attributes are
explicitly titled.
Consumer Utility of | Consumer Ultility of Fuels Calculates the consuntiityuof choosing gasoline and E85. Fuel | Consumer
Fuels attribute are fuel cost, vehicle range, and fueilability, denoted by
'F'. Fuel cost takes into account a vehicleséaehomy. A
generalized equation is given.
Conversion of C to | Conversion of Carbon to | A conversion variable that translates carbon tbaadioxide. Fuel and
CO2 Carbon Dioxide Emissions
Density of Fuel Density of Fuel A model constarattfepresents the density of the fuel mix. Fuel and
Emissions
E Sum Weighted Electric Grid Dependent | Calculates the electric-based fuel economy, weéjhtepopulation, Consumer
Mean Vehicle Population Sum | for all battery-independent vehicles in use (i/[dEN).
Weighted Mean Fuel
Economy
E Weighted Mean | Electric Grid Dependent | Calculates the electric-based fuel economy, wegyhtecohort, for all | Consumer
Conversion Vehicle Cohorts Weighted| battery-independent vehicles in use (i.e. PHEV).
Mean Fuel Economy
E Weighted Mean | Electric Grid Dependent | Calculates the electric-based fuel economy, wethtepopulation, Consumer
mpkWh Vehicle Population for battery-independent vehicles (i.e. PHEV).
Weighted Mean Fuel
Economy
Elasticity of Elasticity of Vehicle Model constant for computing the vehicle price slop Consumer
Vehicle Tech Technology to Price
Elasticity of VMT Elasticity of Vehicle Miles | Model constant for computing the marginal changeéMiT to the Consumer
FC Per Mile Traveled to Fuel Cost Per| marginal change in fuel cost per mile.
Mile
EPA Degradation EPA Fuel Economy A model constant that represents the differencdegradation, of the | Cohort
Factor Degradation Factor reported fuel economy of each vehicle class/velii@détype and their
actual value under real driving conditions.
EXP Consumer Exponential of Consumer | Calculates the exponential of the consumer utilftgasoline and E85] Consumer
Utility of Fuels Utility of Fuels A generalized equation is shown.
EXP Normalized Exponent of Normalized | Calculates the exponentBéta Normalized VMT Difference. Cohort
VMT Difference Vehicle Miles Traveled
Difference
F Fuel Availability Fuel Choice Model Calculates the utility for fuel availability, to hesed in the fuel choice| Consumer
Availability Attribute submodel, for each vehicle class/vehicle fuel types
F Fuel Cost Fuel Choice Model Cost | Calculates the utility for fuel cost, to be usedha fuel choice Consumer
Attribute submodel, for each vehicle class/vehicle fuel type.
F Range Fuel Choice Model Calculates the utility for range, to be used inftied choice submodel| Consumer
Vehicle Range Attribute for each vehicle class/vehicle fuel type.
FC Per Mile Fuel Cost Per Mile Calculates the figst per mile for the current time step using the | Consumer
population weighted average fuel economy of eatiiciefuel type
set.
Fuel Availability Fuel Availability Inputs the fréional availability of each fuel type compared to Consumer
gasoline (=1).
Fuel Availability Fuel Availability Growth Exogenous variable useditmulate the annual change of the Producer
Growth availability of each fuel type.
Fuel Choice Vehicle Class/Vehicle Fue| Calculates the fuel choice attribute for FFVs. Thaent model only | Consumer
Attribute Value Type Fuel Choice calculates fuel choice for gasoline and E85.
Attribute Value
Fuel Choice Fuel Choice Elasticity Model constant that représéime marginal change in probability of | Consumer
Elasticity choosing gasoline or E85 compared to the chanfieelrprice.
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Variable Full Name Description Subsystem(s)
(alphabetical)
Fuel Choice Price | Fuel Choice Price Slope Calculates the price slopehoosing among different fuels. Consumer
Slope
Fuel Cost Vehicle Class/Vehicle Fugl Calculates the gallon of gasoline equivalent fust dor each vehicle | Consumer
Type Fuel Cost class/vehicle fuel type in use. Each vehicle tygeation is dependent
on fuel mix, so a general equation is given.
Fuel Cost Per GGE Fuel Cost Per Gallon of | Calculates the cost of a gallon of fuel per itsrgpeontent and Consumer
Gasoline Equivalent normalized to a gallon of gasoline.
Energy Content
Fuel Economy New Vehicle Fuel Inputs the fuel economy for new vehicles. Canegitie a lookup Producer
Economy table or direct user input.
Fuel Economy Fuel Economy Standard | User input variable representing the annual chamgehicle Consumer,
Growth CAFE Annual Change class/fuel type fuel economy due to a fuel econstapdard. Producer
Fuel Economy Exogenous New Vehicle | Exogenous variable used to allow users to simaatennual change | Cohort,
Growth EX Fuel Economy Growth in new vehicle fuel economy. Consumer,
Producer
Fuel Energy Fuel Energy Content Model constants for the eneogyent of each fuel type. Model Consumer
Content currently addresses gasoline, diesel, electriaitg E85.
Fuel Tax Fuel Tax Calculates the tax on fuel due tarbon tax policy. Consumer
Historical VCVT Historical Vehicle A lookup table that represents the model cohottdaenomy for the | Cohort
Fuel Economy Class/Venhicle Fuel Type | initial vehicle populations per vehicle class/véhittel type.
Fuel Economy
Home Refueling for| Home Refueling for Inputs whether a vehicle class/vehicle fuel type loa plugged in at Producer
EVs Electric-dependent home to recharge (0 = No; 1 = Yes).
Technology Vehicles
Initial Model Year Initial Model Year Calculates the accumulated VMT for each VC/VT cohassed on Cohort
Accumulated VMT | Accumulated Vehicle Initial Model Year Accumulated VMT. Provides a baseline
Miles Traveled accumulated VMT.
Initial Model Year Initial Model Year Vehicle | Inputs the initial model cohort VMT. Used as adiae for the first Cohort
VMT Miles Traveled model time step.
Initial Vehicle Initial Vehicle Population | Inputs the initial model cohort vehicle populatiphg vehicle Cohort
Population Inputs Inputs class/vehicle fuel type. Cohorts range from 1Qdiz. 1986-2006).
Initial Vehicle Initial Vehicle Population | Variable calculates the time step vehicle techriebgnter the market. Cohort
Population Switch | Switch Allows for the forced market penetration of vehitdehnologies for
different scenarios.
kg of Fuel Per Year Kilograms of Fuel Calculates the mass of liquid fuel consumed annual. Fuel and
Consumed Per Year Emissions
LF SUM Weighted | Liquid Fuel Vehicle Calculates the liquid fuel economy, weighted byuation, for all Consumer
Mean Population Sum Weighted| liquid fuel vehicles in use (i.e. gasoline, die$tEV, and FFVs).
Mean Fuel Economy
LF Weighted Mean | Liquid Fuel Vehicle Calculates the liquid fuel economy, weighted byargffor all liquid Consumer
Conversion Cohorts Weighted Mean | fuel vehicles in use (i.e. gasoline, diesel, HEM] &FVs).
Fuel Economy
LF Weighted Mean | Liquid Fuel Vehicle Calculates the liquid fuel economy, weighted byudapon, for liquid | Consumer
MPG Population Weighted vehicles (i.e. gasoline, diesel, HEV, and FFVs).
Mean Fuel Economy
Luggage Space Luggage Space Inputs the luggage 8pagach vehicle class/vehicle fuel type. Produce
Maintenance Cost Maintenance Cost Inputs the ammaaitenance cost of each vehicle class/vehicle fue Producer
type.
Maintenance Cost | New Vehicle Maintenance| Exogenous variable used to allow users to simalatennual change | Consumer,
Growth Cost Growth in new vehicle maintenance costs. Producer
Make/Model Vehicle Make/Model Inputs the number of available make and modelgdah vehicle Producer
Availability Availability class/vehicle fuel type.
Make/Model Make/Model Availability Exogenous variable used to simulate the annualgehahthe number | Producer

Availability Growth

Growth

of make/models available for each vehicle fuel type
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Variable Full Name Description Subsystem(s)

(alphabetical)

Median Median Accumulated The accumulated VMT value where scrappage rateh&bicohort Cohort

Accumulated VMT | Vehicle Miles Traveled reaches 50%. It is used to calibrate the scrapgigeequation.

Multifuel Capability | Multifuel Capability Inputs wéther a vehicle class/vehicle fuel type is capablesing Producer
multiple fuels (0 = No; 1 = Yes).

New Vehicle Retail | New Vehicle Retail Price Inputs the baseline, tgtace for new vehicle class/vehicle fuel Producer

Price types.

Normalized VMT Normalized Vehicle Miles | Calculates the normalized VMT difference betweerhe@dC/VT Cohort

Difference Traveled Difference cohort and thdledian Accumulated VMT.

Old FC Per Mile Fuel Cost Per Mile from | Calculates the fuel cost per mile from the previthure step. A delay | Consumer

Previous Year function is used to lag the calculation, thus altaythe annual

difference to be calculated.

Old Fuel Economy Old Fuel Economy Used to storééaenomy values from t-1 to calculate the annual | Producer
change.

Old Vehicle Cohort | Old Vehicle Cohort Accumulates VMT for each VC/VT cohort through threvious time Cohort

Accumulated VMT | Accumulated Vehicle step.

Miles Traveled

P Acceleration Acceleration Product Calculatespiteeluct of the vehicle attribute and the consuntiétyu | Consumer
function coefficient.

P Fuel Availability Fuel Availability Product Caltates the product of the vehicle attribute andabresumer utility | Consumer

function coefficient.

P Fuel Cost Fuel Cost Product Calculates the ptarfitbe vehicle attribute and the consumer utilityConsumer
function coefficient.

P Home Refueling | Home Refueling for EVs | Calculates the product of the vehicle attribute #rgdconsumer utility | Consumer

for EVs Product function coefficient.

P Luggage Space Luggage Space Produc Calculatesdtiuct of the vehicle attribute and the consurtibty | Consumer
function coefficient. Luggage space for each Vehitass/vehicle fuel
type is calculated as a fraction of its gasolineicle counterpart.

P Maintenance Cos Maintenance Cost Produlict Cadsuthe product of the vehicle attribute and thesamer utility | Consumer
function coefficient.

P Make/Model Make/Model Availability Calculates the product of the vehicle attribute #nedconsumer utility | Consumer

Availability Product function coefficient. Make/Model Availability foraeh vehicle
class/vehicle fuel type is calculated as a fractibits gasoline vehicle
counterpart.

P Multifuel Multifuel Capability Calculates the product of the vehicle attribute #redconsumer utility | Consumer

Capability Product function coefficient.

P Range Range Product Calculates the product ofethiele attribute and the consumer utility Consumer
function coefficient.

P Top Speed Top Speed Produce Calculates the profcihe vehicle attribute and the consumer utilityConsumer

function coefficient.

P Vehicle Price Vehicle Price Product Calculatespioduct of the vehicle attribute and the consurtibty | Consumer
function coefficient.
PHEV Electric Fuel | PHEV Electric Fuel Inputs the fuel economy for new PHEV entering theekat. Producer
Economy Economy
Probability of Fuel | Probability of Fuel Choice| Calculates the prob&pitif choosing either gasoline or E85 for all | Consumer
Choice FFVs in use.
Purchases by VC New Vehicle Purchases [byalculates the number of new vehicles to be pusthayg vehicle Consumer
Vehicle Class class.
Range Range Inputs the range each vehicle clags&/élrel type can reach on one| Producer
fueling.
Range Growth New Vehicle Range Exogenous variable used to simulate an annual ehiarmgew vehicle | Producer
Growth range.
Rebound Effect Rebound Effect Switch A switch that allows usersutm the rebound effect feedback ‘on’ off Cohort

Switch

‘off".
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Variable Full Name Description Subsystem(s)
(alphabetical)
Relative Fuel Cost Relative Fuel Cost Calculatesctbst of driving either with gasoline or E85. §host Consumer
then is used to calculate the share of drivingeeitthen using a FFV.
Relative MPG Relative Miles Per Gallon| Model constants that normalize vehicle fuel econaerpss Consumer
Conversion technology types.
Scrappage Alpha Scrappage Model Constant A moadetant used in the scrappage rate equation. Cohort
Scrappage Beta Beta Constant of The scrappage growth rate constant that repreentate of change | Cohort
Scrappage Rate Equation| in scrappage as values near theglian Accumulated VMT.
Scrappage Rate Scrappage Rate Calculates the oubdet scrappage rate, dependent on the Cohort
Retirement Growth Rate.
Scrappage-VMT Vehicle Scrappage-Vehicle¢ A switch that allows users to turn the ScrappagefMbedback ‘on’ Cohort
Feedback Switch Miles Traveled Feedback | or ‘off.
Switch
Scrapped Vehicles Scrapped Vehicles A flow variglée represents the number of vehicles scrappead fr| Cohort
each model cohort annually.
Scrapped Vehicles | Scrapped Vehicles Stock A stock variable that igmits the total number of scrapped vehiclesCohort
Stock available from the vehicle population.
Stock Conversion Stock Conversion A variable usecbnvert text based model cohort titles to nunaérici Cohort
titles for use in calculations.
SUM EXP Sum of Exponential Calculates the sum of consumer utility for gasotine E85. Consumer
Consumer Utility of | Consumer Utility of Fuels
Fuels
SUM EXP Uk Sum of Vehicle Calculates the sum of battery-independent and ctiorel vehicle Consumer
Technology Utility technology utility exponents. Used for calculatthg market share of
Exponents each vehicle technology set.
Taxed Fuel Price Taxed Fuel Price Calculates ttadl reaxed fuel price for each fuel type. Consumer
Taxed Vehicle Pricel  Taxed Vehicle Price Calculdttesretail price of each vehicle class/fuel typeegiany tax | Consumer,
or subsidies implemented due to policy changes. Producer
Top Speed Top Speed Inputs the top speed eacHervelaiss/vehicle fuel type can reach. Producer
Total LDV Total Light Duty Vehicle Calculates total LDV emissions from all fuels arahicles over all Fuel and
Emissions Emissions time steps. Emissions
Total New Sales Total New Vehicle Sales Calculattd LDV emissions from all fuels and vehicles oaé Consumer
time steps.
Total VC Scrapped | Total Scrapped Vehicles | Calculates the total number of scrapped vehicles altime steps by| Calculations
Vehicles by Class vehicle class.
Total VC VMT Total Vehicle Class Miles | Calculates total VMT over all time steps by vehiclass. Calculations
Traveled
Total VC VP Total Vehicle Class Calculates total vehicle population over all tineps by vehicle class Calculations
Population
Total VCVT Grid Total Vehicle Calculates total grid electricity consumption oa#itime steps by Fuel and
Electricity Class/Venhicle Fuel Type | vehicle class/vehicle fuel type. Emissions
Consumption Grid Electricity
Consumption
Total VCVT Grid Total Vehicle Calculates total grid electricity emissions ovétiate steps by vehiclg Fuel and
Electricity Class/Vehicle Fuel Type | class/vehicle fuel type. Emissions
Emissions Grid Electricity Emissions
Total VCVT Liquid | Total Vehicle Calculates total liquid fuel consumption for eaeticle class/vehicle | Fuel and
Fuel Consumption | Class/Vehicle Fuel Type | fuel type over all time steps. Emissions
Liquid Fuel Consumption
Total VCVT Total Vehicle Calculates total tailpipe emissions produced oll¢inee steps by Fuel and
Tailpipe Emissions | Class/Vehicle Fuel Type | vehicle class/vehicle fuel type. Emissions
Tailpipe Emissions
Total VCVT Total Vehicle Calculates total vehicle class/vehicle fuel typessions from all fuels| Fuel and
Transportation Class/Vehicle Fuel Type | and vehicles over all time steps. Emissions
Emissions Transportation Emissions
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Variable Full Name Description Subsystem(s)
(alphabetical)
Total VCVT Total Vehicle Calculates total upstream fuel emissions oveirak steps by vehicle| Fuel and
Upstream Fuel Class/Vehicle Fuel Type | class/vehicle fuel type. Emissions
Emissions Upstream Fuel Emissions
Total VCVT VMT Total Vehicle Calculates total VMT over all time steps by vehid@ss/vehicle fuel | Cohort
Class/Venhicle Fuel Type | type.
Miles Traveled
Total VCVT VP Total Vehicle Calculates total vehicle population over all tinkeps by vehicle Calculations
Class/Venhicle Fuel Type | class/vehicle fuel type.
Population
Total VMT Total Vehicle Calculates total VMT for all vehicles over all tirateps. Calculations
Class/Vehicle Fuel Type
Miles Traveled
Total VT Scrapped | Total Scrapped Vehicles | Calculates the total number of scrapped vehicledymed over all Calculations
Vehicles by Type time steps by vehicle fuel type.
Total VT VMT Total Vehicle Fuel Type Calculates total VMT over all time steps by vehittlel type. Calculations
Miles Traveled
Total VT VP Total Vehicle Fuel Type | Calculates total vehicle population over all tineps by vehicle fuel | Calculations
Populations type.
Untaxed Fuel Price Untaxed Fuel Price Calculatedtfore retail, untaxed fuel price. It is assuried Consumer
changes are due to market trends, which are capitutée user
inputtedChange in Liquid Fuel Price variable.
Untaxed Vehicle Vehicle Price Calculates the final vehicle priceriew purchases based on retail | Producer
Price price, taxes, and subsidies.
Upstream Upstream Emissions Sums both individual upstream fuel emissions facioio on Fuel and
Emissions Factor Factor conversion variable. Emissions
Upstream Feedstock Upstream Feedstock Inputs feedstock emissions factors for each velslelss/vehicle fuel | Fuel and
Emissions Factor Emissions Factor type. Data was taken from DOE GREET model. Emissions
Upstream Fuel Upstream Fuel Emissions | Inputs fuel emissions factors for each vehiclestiazhicle fuel type. Fuel and
Emissions Factor Factor Data was taken from DOE GREET model. Emissions
VC New Consumer | New Consumer Vehicle Translates new consumer purchases by vehicle class. Calculations
Vehicle Purchases | Purchases by Vehicle
Class (True Value)
VC Shares Vehicle Class Market Inputs the market share of each vehicle classs Wéniiable acts as a | Consumer
Shares parameterization in absence of a macroeconomic hnegeled to
endogenously calculate class shares.
VCVT Carbon Vehicle Class/Vehicle Fue| Calculates the carbon dioxide emissions producedally per fuel. Fuel and
Consumption Per Type CQ Emissions Per Emissions
Fuel Fuel
VCVT EXP Vehicle Class/Vehicle Fuel Calculates the exponent of each vehicle class/iesfiel type Consumer
Type Consumer Utility consumer utility value.
Exponent
VCVT Grid Vehicle Class/Vehicle Fue| Calculates grid electricity consumption by vehiclkess/vehicle fuel Fuel and
Electricity Type Grid Electricity type. Emissions
Consumption Consumption
VCVT Liquid Fuel | Vehicle Class/Vehicle Fue| Calculates liquid fuel consumption by vehicle clashicle fuel type. Fuel and
Consumption Type Liquid Fuel Emissions
Consumption
VCVT New New Consumer Purchases Calculates the number of new vehicle class/velfigétypes to be Consumer
Consumer Vehicle | by Vehicle Class/Vehicle | purchased annually.
Purchases Fuel Type
VCVT Switch Vehicle Class/Vehicle Fugl Variable acts as an 'on/off' switch for each vehahss/vehicle fuel Cohort,
Type Switch type over time. Allows model scenarios to be hwyitforcing or Consumer
hindering the penetration of different vehicle ty@ad sizes.
Vehicle Cohort Current Time Step Vehicleg Accumulates VMT for each VC/VT cohort through therent time Cohort

Accumulated VMT

Cohort Accumulated
Vehicle Miles Traveled

step.
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Variable Full Name Description Subsystem(s)

(alphabetical)

Vehicle Cohort Vehicle Stock Miles A stock variable that represents the miles travpkrdvehicle per Cohort

VMT Traveled vehicle cohort.

Vehicle Purchases Vehicle Purchases A flow varittidé represents the entrance of new vehicledti@o | Cohort

population.

Vehicle Stock Vehicle Stock Cohorts A stock variable that repnéseall vehicle population cohorts, throughCohort

Cohorts 20 years old, for all vehicle class/vehicle fuglesy.

Vehicle Stock Fuel | Vehicle Stock Fuel Allocates fuel economy for each vehicle class/\Vehigel type and Cohort

Economy Economy each cohort. Usddistorical VCVT Fuel Economy andFuel Economy.

Vehicle Stock Grid | Vehicle Stock Grid Calculates the grid electricity consumption by we@cohort. Fuel and

Electricity Electricity Consumption Emissions

Consumption

Vehicle Stock Vehicle Stock Liquid Fuel | Calculates liquid fuel consumption by vehicle cdahor Fuel and

Liquid Fuel Consumption Emissions

Consumption

Vehicle Stock VMT | Vehicle Stock Miles Calculates VMT for each model cohort. Cohort
Traveled

Vehicle Stock VMT | Vehicle Stock Miles Calculates VMT for each model cohort by fuel type. Cohort, Fuel

Per Fuel

Traveled Per Fuel Type

and Emissions

Vehicle Subsidies Vehicle Subsidies Inputs any gawent subsidies (or tax, if set to negative) Producer
implemented due to public policies on vehicle diasisicle fuel types.
VMT Vehicle Miles Traveled Value used to calibrate the scrappage rate equalionmalizes the Cohort
Normalization Normalization Constant difference in accumulated VMT.
Constant
VT New Consumer | New Consumer Vehicle Calculates new vehicle purchases by vehicle fusd.ty Calculations
Vehicle Purchases | Purchases by Vehicle Fue|
Type
VT PofP Probability of Purchasing | Calculates the probability consumers will purcheaeh vehicle fuel Consumer
Vehicle Fuel Types type.
VT Price Slope Vehicle Fuel Type Price | Calculates the price slope for vehicle technolagies Consumer
Slope
VT Sales Market Vehicle Fuel Type Market| Calculates the annual market share of new salegelugle fuel types Consumer
Share Share of New Sales
Year Conversion Year Conversion Conversion varitiae translates model time steps into years. Fof Cohort,
use in determining market penetration of new vehiethnologies. Consumer
Year Fuel Economy| Year Fuel Economy User input variable representing the year manufardunust meeta | Consumer,
Standard Met Standard Met fuel economy standard. Producer
Year Subsidies End Year New Vehicle User input variable representing the year a velsichsidy policy Consumer,
Subsidies Expire expires. Producer
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Appendix 2.2 CLIMATS Model Variables, Subscripts, Units and Equations

Variable Subscripts| Units Equation User
(alphabetical) Input
% Driven on VC, VT percent User input constants No
Gasoline
% Use of Fuel VC, VT, | percent Vehicle Fuel Type dependent IF statements No
SY, FT
Acceleration VC, VT seconds User input constants Yes
Aging Vehicles VC, VT, | vehicles = (Vehicle Stock Cohorts) — (Scrapped Vehicles) No
SY
Annual Change | VC, VT fraction = (Fuel Availability,_,) * (Fuel Availability Growth) No
in Fuel
Availability
Annual Change | VC, VT Miles per = (Fuel Economy),_, * (Fuel Economy Growth) No
in Fuel gallon
Economy
Annual Change | VC, VT $(2007) = (Maintenance Cost),_, * (Maintenance Cost Growth) No
in Maintenance
Cost
Annual Change | VC, VT models = (Make — Model Availability,_,) No
in Make/Model * (Make — Model Availability Growth)
Availability
Annual Change | VC, VT miles = (Range),_, * (Range Growth) No
in Range
Annual Change | --- percent User input constant Yes
in Sales
Annual Change | FT $/gallon = (Untaxed Fuel Price),_, * (Change in Fuel Price) No
g]riLCJQtaxed Fuel Where, Changein Fud Price is represented byChangein Liquid Fuel Price and
Changein Electricity Grid Price.
Annual Change | VC, VT $(2007) = (Vehicle Price),_, » (Vehicle Price Growth) — (Vehicle Subsidies) No
in Vehicle Price
Annual Change | VC, VT, miles = (Annual VMT Change EX) No
in VMT Sy + [(Annual VMT Change FC)
* (Rebound Effect Switch)]
Where, Scrappage-VMT Feedback Switch is 0 if feedback is turned off and is 1 if
feedback is turned on.
Annual Growth | --- percent User input constant Yes
in VMT
Annual LDV million = Z(Annual VC Transportation Emissions) No
Emissions metric tons <
Annual Liquid VC, VT, gallons = (Total VCVT Fuel Consumption) No
Fuel FT
Consumption
Annual vehicles _ z . No
Scrapped = ) (Annual VC Scrapped Vehicles)
Vehicles ve
érr]ir(liuélle\(/:gicity VC, VT rnr:gltlr?(r:] tons = Z(Annual VCVT Grid Electricity Emissions)giecericity No
Emissions "
Annual VC VC, FT gallons _ Z I , No
Liquid Fuel (Annual Liquid Fuel Consumption)
Consumption ve
Annual VC ve vehicles = Z(Annual VCVT Scrapped Vehicles) No
Scrapped
Vehicles 4
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Variable Subscripts| Units Equation User

(alphabetical) Input

?;T;izlevc ve mglt'ﬁg tons = Z(Annual VCVT Transportation Emissions) No

Emissions 4

?P;nusé:)l(;:tc’c:ltion ve mglt'ﬁg tons = Z(Annual VCVT Transportation Emissions) No

Emissions 4

ﬁggz’zla\éqcFuel ve rnr:gltlgg tons = Z(Annual VCVT Upstream Fuel Emissions) No

Emissions v

Annual VCVP | VC vehicles _ Z(Annual VCVT VP) No
vr

Annual VCVT VC, VT, kWh = (VCVT Grid Electricity Consumption) No

Grid Electricity | FT

Consumption

Annual VCVT VC, VT, million _ (Annual VCVT Grid Electricity Emissions) * (Carbon Per kWh) No

Grid Electricity | FT metrictons | ~ 1e6

Emissions

ggp;piie\{jCVT VC, VT vehicles _ Z(Scrapped Vehicles) No

Vehicles sy

¢2R;ZLVCVT VC, VT mgltlr?(r:] ons | = Z(VCVT Carbon Consumption Per Fuel) No

Emissions Fr

Annual VCVT VC, VT million = (Annual VCVT Tailpipe Emissions) No

Transportation metric tons + (Annual VCVT Upstream Fuel Emissions)

Emissions

Annual VCVT VC, VT million _ (Total VCVT VMT) * (Upstream Emissions) No

Upstream Fuel metrictons | ~ 1e12

Emissions

Cr’:/ln_lyal VCVT | VC, VT miles =Z(Vehicle Stock VMT) No
sY

anual VCVT | VC, VT vehicles =Z(Vehicle Stock Cohorts) No
sy

Annual VMT VC, VT, miles = (Vehicle Cohort VMT) x (Annual Growth in VMT) No

Change EX SY

Annual VMT VC, VT, miles = (Vehicle Cohort VMT) * (Change in VMT FC) No

Change FC SY

Annual VT VT, FT million . . o No

Grid Electricity metric tons = Z(Annual VCVT Grid Electricity Emissions)giecericity

Emissions ve

ﬁgﬂ?;li:\'gl VT, FT gallons = Z(Annual Liquid Fuel Consumption) No

Consumption ve

égp;pig vt vehicles = Z(Annual VCVT Scrapped Vehicles) No

Vehicles ve

:‘;'\Zirllpl;jiglev-r Vi mgﬁg tons | = Z(Annual VCVT Tailpipe Emissions) No

Emissions ve

:‘;'\Pannuse[l)l():;tion Vi rnqle”tlﬁg tons | = Z(Annual VCVT Transportation Emissions) No

Emissions ve

ngﬁzg\gma vt mle”tlﬁtr:] tons = Z(Annual VCVT Upstream Fuel Emissions) No

Emissions ve
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Variable Subscripts| Units Equation User

(alphabetical) Input

Annual VT VP VT vehicles _ Z(Annual VCVT VP) No

vc

At Generalized | --- User input constant Yes

Cost

At Market User input constant Yes

Share

At Market User input constant Yes

Value

Available VC, VT vehicles Dummy variable. Currently set to 0. No

Scrapped

Vehicles

B EXP Uk vC = EXP(B Uk) No

B LN SUM vC 1 No

EXP = (CE Vehicle Price) " (B SUM EXP)

B SUM EXP VC = VCVT EXPpygy No

B Tech Type VC percent _ BEXPUk No

Share " SUM EXP Uk

B Uk vC = (VT Price Slope) = (B LN SUM EXP) No

B VCVT Shares| VC, VT _ VCVT EXP No
" BSUM EXP

Baseline Fuel VC, VT fraction User input constants No

Availability

Baseline Fuel VC, VT Miles per User input constants Yes

Economy gallon

Baseline Grid FT $/kWh User input constant No

Electricity Price

Baseline Liquid | FT $/gallon User input constant No

Fuel Price

Baseline VC, VT $(2007) User input constants Yes

Maintenance

Cost

Baseline VC, VT models User input constants No

Make/Model

Availability

Baseline New | VC, VT $ User input constant Yes

Vehicle Retalil

Price

Baseline Range| VC, VT miles User input constants Yes

Beta VC, VT, --- = [(—Scrappage Beta) + (Normalized VMT Dif ference)] No

Normalized SY

VMT

Difference

C EXP Uk VvC = EXP(CUk) No

C LN SUM vC 1 No

EXP = (CEVehicle Price) " ™€ SUMEXP)

C SUM EXP vC = VCVT EXPcgy + VCVT EXPygy + VCVT EXPpjpger + VCVT EXP ppy No

C Tech Type VC percent _ CEXPUEk No

Share " SUM EXP Uk

C Uk vC = (VT Price Slope) = (C LN SUM EXP) No

C VCVT Shares| VC, VT _ VCVT EXP No
" CSUMEXP
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Variable Subscripts| Units Equation User
(alphabetical) Input
Carbon Fraction| FT ton/kilogram | User Input Constants Yes
of Fuel

Carbon Per FT ton/gallon _ (Density of Fuel) = (Carbon Fraction of Fuel) No
Gallon of Fuel - 1000

Carbon Per tons/kilowatt | User Input Constants Yes
kWh -hour

Carbon Tax FT $/ton User input constant Yes
CE VC - User input constant Yes
Acceleration

CEFEMCC1 VC - User input constants No
CEFEMCC 2 VC User input constants No
CE Fuel VC User input constant Yes
Availability 1

CE Fuel VC - User input constant Yes
Availability 2

CE Fuel Cost VvC User input constant Yes
CE Home VC User input constant Yes
Refueling for

EVs

CE Luggage VC User input constant Yes
Space

CE VC User input constant Yes
Maintenance

Cost

CE VC - User input constant Yes
Make/Model

Availability

CE Multifuel VC --- User input constant Yes
Capability

CE Range VvC User input constant Yes
CE Top Speed VC User input constant Yes
CE Vehicle VC User input constant Yes
Price

Change in FC VC, VT percent _ [(FC Per Mile), — (FC Per Mile), ] No
Per Mile - (FC Per Mile),_,

Change in Fuel | VC, VT percent _ Fuel Economy, — Fuel Economy,_, No
Economy - Fuel Economy,_,

Change in Grid | FT percent User input constant Yes
Electricity Price

Change in FT percent User input constants Yes
Liquid Fuel

Price

Change in VC, VT percent User input constants Yes
Vehicle Price

EX

Change in VC, VT $ = [(CE FE MCC 1) * (Change in Fuel Economy)] + [(CE FE MCC 2) No
Vehicle Price * (Change in Fuel Economy)?]

FE

Change in VMT | VC, VT miles = (Change in FC Per Mile) = (Elsticity of VMT FV Per Mile) No

FC
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Variable Subscripts| Units Equation User
(alphabetical) Input
Consumer VG, VT - = z (Vehicle Attribute Coefficients) = (Vehicle Attributes) No
Utility
VC/VT
Consumer VC, VT, _ . .. . No
Utility of Fuels | FT (Fuel Attribute Coefficients) = (Fuel Attributes)
VC/VT
Conversion of | --- User Input Constants Yes
Cto CO2
Density of Fuel FT kilogram/ User Input Constants Yes
gallon

E Sum VC, VT mpkWh _ Z . . No
Weighted Mean 2 (E Weighted Mean Conversion)
E Weighted VC, VT, mpkWh = (Vehicle Stock Cohorts) « (PHEV Electric Fuel Economy) No
Mean SY
Conversion
E Weighted VC, VT mpkWh _ (ESUM Weighted Mean) No
Mean mpkWh " (AnnualVCVT VP)
Elasticity of User input constant Yes
Vehicle Tech
Elasticity of VC, VT User input constant Yes
VMT FC Per
Mile
EPA VC, VT percent Lookup Tables Yes
Degradation
Factor
EXP Consumer | VC, VT, --- = EXP(Consumer Utility of Fuels) No
Utility of Fuels | FT
EXP VC, VT, - = EXP(Beta Normalized VMT Difference) No
Normalized SY
VMT
Difference
F Fuel VC, VT --- A . Fuel Choice Price Slope No
Availability = (P Fuel Availability) * CE Fuel Cost
F Fuel Cost VC, VT = (Fuel Choice Price Slope) * (Relative Fuel Cost) No
F Range VC, VT - (PR ) Fuel Choice Price Slope No

= *

ange CE Fuel Cost

FC Per Mile VC, VT $/mile _ (Taxed Fuel Price = 100) No

" (LF Weighted Mean MPG),
Fuel VC, VT --- = (Fuel Availability, ,) + (Annual Change in Fuel Availability) No
Availability
Fuel VC, VT percent User input constants Yes
Availability
Growth
Fuel Choice VC, VT - 1 . No
Attribute Value = (Fuel Choice Price Slope) * In(SUM EXP Consumer Utility of Fuels)
Fuel Choice User input constant Yes
Elasticity
Fuel Choice -—- _ (Fuel Choice Elasticity) No
Price Slope " (Taxed Fuel Price) « (1 — At Market Value)
Fuel Cost VC, VT $ / mile _ (100 * Fuel Cost Per GGE) No

" (Relative MPG) * (Fuel Economy)
Fuel Cost Per FT $/BTU GGE (Taxed Fuel Price) No

GGE

- (Fuel Energy Content) * 115000
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Variable Subscripts| Units Equation User
(alphabetical) Input
Fuel Economy VG, VT gglllil)is per = Z[(Fuel Economy);_; + (Annual Change in Fuel Economy),] No
t
Fuel Economy | VT percent User input constant Yes
Growth CAFE
Fuel Economy | VC, VT percent User input constants Yes
Growth EX
Fuel Energy FT BTU/gallon User input constants Yes
Content
Fuel Tax FT $/gallon = (Carbon Per Gallon of Fuel) « (Carbon Tax) No
Historical VC, VT miles per Lookup Table No
VCVT Fuel gallon
Economy
Home VC, VT User input constant Yes
Refueling for
EVs
Initial Model VC, VT, Miles Sy No
Year SY = z (Initial Model Year VMT)
Accumulated Sv=0
VMT Note: The variable sums up each VC/VT cohort throuf the current vintage.
For example, cohort 5 equals the sum of initial VMTfrom new through 5.
Initial Model VC, VT, miles Constant values Yes
Year VMT SY
Initial Vehicle VC, VT, vehicles Constant values Yes
Population SY
Inputs
Initial Vehicle VC, VT, vehicles VCVT Switch dependent IF statements No
Population SY
Switch
kg of Fuel Per | VC, VT, kilogram = (Annual Liquid Fuel Consumption) » (Density of Fuel) No
Year FT
LF SUM VC, VT miles per _ Z . . No
Weighted Mean gallon 2 (LF Weighted Mean Conversion)
LF Weighted VC, VT, miles per = (Vehicle Stock Cohorts) » (Vehicle Stock Fuel Economy) No
Mean SY gallon
Conversion
LF Weighted VC, VT miles per _ (LF SUM Weighted Mean) No
Mean MPG gallon = (Annual VCVT VP)
Luggage Space VC, VT cubic feet | User input constants Yes
Maintenance VC, VT $(2007) _ Z[(Maintenance Cost), No
Cost -
+ (Annual Change in Maintenance Cost),]
Maintenance VC, VT percent User input constants Yes
Cost Growth
Make/Model VC, VT - = (Make — Model Availability,_,) No
Availability + (Annual Change in Make — Model Availability)
Make/Model VC, VT percent User input constants Yes
Availability
Growth
Median VC miles User input constants Yes
Accumulated
VMT
Multifuel VC, VT --- User input constants Yes
Capability
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Variable Subscripts| Units Equation User
(alphabetical) Input
Normalized VC, VT, - _ [(Vehicle Cohort Accumulated VMT) — (Median Accumulated VMT)] | No
VMT SY - (VMT Normalization Constant)
Difference . . .

Where, Initial Model Year Accumulated VMT data is used ifScrappage-VMT

Feedback Switch is set to 1. This allows the feedback effectsive turned ‘off’

and use baseline values for scrappage rates.
Old FC Per VC, VT $/mile _ (Taxed Fuel Price  100) No
Mile (LF Weighted Mean MPG),_,
Old Fuel VC, VT miles per = Fuel Economy,_, No
Economy gallon
Old Vehicle VC, VT, miles Sy No
Cohort sy = Z(Vehicle Cohort VMT),_,
Accumulated e
vMmT Where, Initial Model Year Accumulated VMT is used as an initial condition.

Note: Variable sums each VC/VT cohort to representhe accumulation of miles

per vehicle as each vehicle ages in the model. Tvariable is delayed one time

step to represent the accumulation from the previosiyear.
P Acceleration VC, VT = (CE Acceleration) = (Acceleration) No
P Fuel VC, VT - = (CE Fuel Availability 1) No
Availability * [EXP((CE Fuel Availability 2) = (Acceleration))]
P Fuel Cost VC, VT = (CE Fuel Cost) = (Fuel Cost) No
P Home VC, VT --- = (CE Home Refueling for EVs) + (Home Refueling for EVs) No
Refueling for
EVs

- Luggage Space,
gLuggage VC, VT — (CE Luggage Space) + ggage Spacecgy No
pace (Luggage Spaceyyr)
P Maintenance | VC, VT --- = (CE Maintenance Cost) * (Maintenance Cost) No
Cost
P Make/Model | VC, VT --- (CE Make — Model Availability) + | Make — Model Availabilityyc,yr | No
. .- = —_ *

Availability aice — Hodel Avattablitty) * M iake — Model Availability gy
P Multifuel VC, VT - = (CE Multifuel Capability) « (Multifuel Capability) No
Capability
P Range VC, VT _ No

= (CE Range) * (Range)
P Top Speed VC, VT = (CE Top Speed) » (Top Speed) No
P Vehicle Price | VC, VT = (CE Vehicle Price) « (Vehicle Price) No
PHEV Electric | VC mpkWh User input constant Yes
Fuel Economy
Probability of VC, VT, percent _ (EXP Consumer Utility of Fuels) No
Fuel Choice FT " (SUM EXP Consumer Utility of Fuels)
Purchasesby | VC vehicles = (Total New Sales) = (VC Shares) No
VC
Range VG, VT miles = Z[(Range),,l + (Annual Change in Range),] No

t

Range Growth VC, VT percent User input constants Yes
Rebound Effect | --- --- User input constant. Set = O for ‘off’; set = 1 foron’. Yes
Switch
Relative Fuel VC, VT, $/mile _ (100 * Fuel Cost Per GGE) No
Cost FT " (Fuel Economy) * (Relative MPG)
Relative MPG VC\VT User input constants Yes
Scrappage VC, VT User input constant No
Alpha
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Variable Subscripts| Units Equation User
(alphabetical) Input
Scrappage Beta| VC User input constant Yes
Scrappage Rate VC, VT, | percent _ 1 No
SY " [(Scrappage Alpha) + (EXP Normalized VMT Difference)]
where Scrappage Rate = 0 when SY < 5
Scrappage- User input constant. Set = 0 for ‘off’; set = 1 foron’. Yes
VMT Feedback
Switch
Scrapped VC, VT, vehicles = (Vehicle Stock Cohorts) = (Scrappage Rate) No
Vehicles SY
Scrapped VC, VT, vehicles _ z . _ . i No
Vehicles Stock | SY . [(Scrapped Vehicles)] — (Available Scrapped Vehicles)
Stock SY =0,1,2,...20. No
Conversion
SUM EXP VC, VT - = (EXP Consumer Utility of Fuels)gysotine No
Consumer + (EXP Consumer Utility of Fuels)pgs
Utility of Fuels
SUM EXP Uk VvC = (CEXP Uk) + (B EXP Uk) No
Taxed Fuel FT $/gallon = (Untaxed Fuel Price) + (Fuel Tax) No
Price
Taxed Vehicle | VC, VT $ (2007) = (Untaxed Fuel Economy) — (Vehicle Subsidies) No
Price
Top Speed VC, VT miles per User input constants Yes
hour
Total LDV million = Z[(Total LDV Emissions),_; + (Annual LDV Emissions),] No
Emissions metric tons -
Total New vehicles = [(Annual Change in Sales) » (Annual Scrapped Vehicles)] No
Sales + Annual Scrapped Vehicles
;gtrzi)\ég d ve vehicles = Z(Total VT Scrapped Vehicles) No
Vehicles v
Total VC VMT | VC miles _ Z(Total VCVT VMT) No
VT
TotalVC VP | VC vehicles = Z[(Total VCVT VP),_ + (Annual VCVT VP),] No
t
-(I;?itc?lE\{g:\t/l::-city \F/'I(; VT, kWh = Z[(Total VCVT Grid Electricity Consumption),_, No
Consumption + (Annual VCVT Grid Electricity Consumption),]
Total VCVT VC, VT million Z . - - No
h . D . = Total VCVT Grid Electricity E _
Grid Electricity | FT metric tons - [(Tota r ectricity Emissions),,
Emissions + (Annual VCVT Grid Electricity Emissions),]
Total VCVT VC, VT, gallons _ Z Lo . No
Liquid Fuel FT 4 [(Total VCVT Liquid Fuel Consumption),_,
Consumption + (Annual Liquid Fuel Consumption),]
ToFaI'VCVT VG, VT milliqn = Z[(Total VCVT Tailpipe Emissions),_, No
Tailpipe metric tons -
Emissions + (Annual VCVT Tailpipe Emissions,|
Total vevT Ve, vt milli(_)n = Z[(Total VCVT Transportation Emissions),_, No
Transportation metric tons -
Emissions + (Annual VCVT Transportation Emissions),]
Total VCVT VG, VT miIIic_)n = Z[(Total VCVT Upstream Fuel Emissions),_, No
Upstream Fuel metric tons
Emissions ¢

+ (Annual VCVT Uptream Fuel Emissions),]
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Variable Subscripts| Units Equation User
(alphabetical) Input
Total VCVT VC, VT miles _ z No
VMT = ) (Stock VT VMT)
sy

;I'/(;tal VCVT VC, VT vehicles _ Z[(Total VCVP),_, + (Annual VC VP),] No

t
Total VMT VC. VT | miles = Z[(Total VMT),_, + (Annual VCVT VMT),] No

t
-Srgflep\[g d VG, VT vehicles = Z(Scrapped Vehicles Stock) No
Vehicles s¥
Total VT VMT | VT miles _ Z(Total VCVT VMT) No

Ve

Total VT VP VT vehicles _ Z[(Total VT VP),_, + (Annual VT VP),] No

t
Untaxed Fuel FT $/gallon _ Z[(Untaxed Fuel Price) No
Price - 1

+ (Annual Change in Untaxed Fuel Price),]
Where, variable calculates both liquid fuel pricesand electricity prices.

Untaxed VC, VT $ (2007) _ Z . . . . . No
Vehicle Price t [(Vehicle Price),_, + (Annual Change inVehicle Price),]
Upstream VC, VT ton/gallon = (Upstream Feedstock Emissions Factor) No
Emissions + (Upstream Fuel Emissions Factor)
Factor
Upstream VC\VT ton/gallon User input constants Yes
Feedstock
Emissions
Factor
Upstream Fuel | VC, VT ton/gallon User input constants Yes
Emissions
Factor
VC New ve vehicles = Z(New Consumer Vehicle Purchases) No
Consumer
Vehicle 4
Purchases
VC Shares VvC percent User input constants Yes
VCVT Carbon | VC, VT, million (kg of Fuel Per Year) = (Carbon Fraction of Fuel) « (Conversion of Ct| No
Consumption FT metric tons | T 1e9
Per Fuel
VCVT EXP VC, VT = EXP(Consumer Utility) No
VCVT Grid VC, VT, kWh _ . . .. . No
Electricity ET = Z (Vehicle Stock Grid Electricity Consumptwn)mmiﬂ.ty
Consumption v
VCVT Liquid VC, VT, gallons = Z(Annual Liquid Fuel Consumption) No
Fuel FT
Consumption v
VCVT New VC, VT vehicles = (Purchases by VC) + (VT PofP) No
Consumer
Vehicle
Purchases
VCVT Switch VC, VT User input constants Yes
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Variable Subscripts| Units Equation User
(alphabetical) Input
Vehicle Cohort | VC, VT, miles Sy No
Accumulated SY = Z[(Old Vehicle Cohort Accumulated VMT),_,
VMT t=0
+ (Vehicle Cohort VMT),]

Where, Initial Model Year Accumulated VMT is used as an initial condition.

Note: Variable sums the current time steps VC/VT cbort VMT with the

previous year’'s accumulation to represent the accuniation of miles per vehicle

as each vehicle ages in the model.
x&h_;_de Cohort \S/$ VT, miles = Z[(Vehicle Cohort VMT),_, + (Annual Change in VMT),] No

t

Vehicle VC, VT vehicles = (New Consumer Vehicle Purchases) No
Purchases
Vehicle Stock VC, VT, vehicles = (Vehicle Purchases) — (Aging Vehicles) — (Scrapped Vehicles) No
Cohorts SY
Vehicle Stock VC, VT, Time dependent IF statements No
Fuel Economy | SY
Vehicle Stock VC, VT, kWh _ Vehicle Stock VMT Per Fuel No
Grid Electricity | SY, FT " PHEV Electric Fuel Economy
Consumption
Vehicle Stock VC, VT, gallons Fuel Type dependent IF statements No
Liquid Fuel SY, FT
Consumption
Vehicle Stock VC, VT, miles = (Vehicle Stock Cohorts) = (Vehicle Cohort VMT) No
VMT SY
Vehicle Stock VC, VT, miles Fuel Type dependent IF statements No
VMT Per Fuel SY, FT
Vehicle VT $ User input constants Yes
Subsidies
VMT VvC miles User input constants Yes
Normalization
Constant
VT New vt vehicles = Z(N ew Consumer Vehicle Purchases) No
Consumer
Vehicle ve
Purchases
VT PofP VC, VT percent = (C VT Shares) * (C Tech Type Share) No
VT Price Slope _ (Elasticity of Vehicle Tech) No

" (At Generalized Cost) + (1 — At Market Share)
VT Sales VT percent _ (VT New Consumer Vehicle Purchasesyr) No
Market Share " Yyr(VT New Consumer Vehicle Purchases)
Year Lookup Table No
Conversion
Year Fuel year User input constant Yes
Economy
Standard Met
Year Subsidies | --- year User input constant Yes

End
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Appendix 3 CLIMATS Quantitative Model Validation

Before constructing policy scenarios, CLIMATS is validated by compatito similar
data predictions found in the Energy Information Administration (EIA) Annoal@y Outlook
(AEO) 2009 Update. The EIA attempts to simulate fuel consumption and emissions producti
of the entire US energy system, including the transportation sector. A slwipti@s on EIA’s
simulation National Energy Model was presented earlier.

A comparison between the two models comes with a series of caveats. Biaseds
previously, the use of CLIMATS is not an attempt to simulate the future transpoattor,
but instead meant to test the impact of policies. Even so, steps have been taken to @se a mor
realistic representation of LDV dynamics. For instance, feedbacksmagiculously justified
when included in the CLD and an extensive literature search was completed to quanyifgfm
them. Differences such as not including all vehicle classes and types doaltding results,
though.

Second, EIA’s model endogenously calculates many variables cuegotignous in
CLIMATS. Fuel price, macroeconomic dynamics, vehicle class share, anstépdion of new
vehicle technologies in the market are calculated internally (EIA, 200#®refore, a direct
comparison is not possible, but instegshds are tested to ensure that the CLIMATS model is
producing an accurate magnitude of change over time.

Third, the AEO 2009 Update takes into account the 2007-2009 economic recession.
Through macroeconomic dynamics, the recession results in drastic shachtarges in vehicle
sales that affect other variables. CLIMATS does not include a macroecomuuel, so
recessionary effects are not reflected in data output.

Appendix 5.3 lists all values used for the model validation scenario. AEO 2009 Update
data is manipulated to produce average annual growth rate values for user inpugsv/kiabl
fuel price, fuel economy, range, vehicle price, new vehicle sales, and raeletr. Market
penetration for alternative fuel vehicles is exogenously set in CLIMARB8don AEO results.
This generalization assumes AEOs vehicle technology and producer submodelasherause
CLIMATS doesn't internally decide when new technologies will enter theket.

For the purposes of validation, two comparisons are made. First, CLIMATS is run using
AEO data with both the rebound effect and VMT-Scrappage feedbacks turned off. Here, only
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exogenous growth rates are used to drive future model changes. Second, CLIMAT 8sisig
AEO data with both feedbacks turned on (with a 10% rebound effect). The purpose of this
method is to compare the impact of the feedbacks in relation to AEO output and to see the
difference in results. The impact of these feedbacks on policy portfolidiedieess is one

determining factor used in this thesis.

New Vehicle Sales Comparison
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Figure 63 Comparison of CLIMATS and AEO 2009 Updatenew vehicle sales data.

Figure 63 compares total new vehicle sales (all classes and tjgre®)ing the recession
driven drop in AEO total sales from 2007-2010, CLIMATS produces a reasonably close fit.
Data differences trend towards under representing sales with feediansd off (range of -

11% to 2.3%) and over representing sales with feedbacks turned on (range of 10% to 20%). The
feedback effects are important to note here because the additional sdidgearby consumers
increasing their scrappage rates due to traveling more. This incressesg® drives greater

new vehicle sales and it is a feedback not detailed in AEOs model descripfo2QB¥c).

Table 10 breaks down output differences by vehicle type. Here, the consumer choice
submodel results are stark. The market share of alternative fuel vehiclestisatly different
between CLIMATS and AEO, mainly because consumers choose diesel vehiclecdger
PHEVs, and FFVs. Reasons for this difference are attributed to AEO not publi$ivelgce
characteristic data, resulting in the use of researcher defined avahagg to fill gaps. Also,

AEO builds in the effects of currently implemented policies explicitly tangeHEVS, PHEVS,
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diesel, and FFVs that are not included in the CLIMATS scenarios. Tax breaks, sybsidie
increased infrastructure, and other price signals are included and AECGeagbemesult will be
a more rapid penetration of these vehicles (EIA, 2007b).

All Conventional Gasoline All Diesel All Hybrid Electric All Plug in Hybrid L All Flex Fuel (E85)

Feedbacks No Feedback Feedbacks No Feedpacks Feedbaé&leedbackls Feedbacks No Feedbhcks Feedbacks No Eleddba
2004 7% 79 796% 796p0 71% 71% 0% % 115% 116%
201d 6% 29 978% 93906 67% 61% 0% % -36% -38%
2015 8% -69 543% 460p6 -21% -33% -100% -140% -42% -50%
2020 13% -4% 261% 208po -55% -62% -99% -99% -36% -46%
2025 25% -5% 169% 103po -67% -7%% -96% % -14% -35%
2030 32% 0% 121% 67)o -74% -84% -86% -8p% -5% -21%

Table 10 Percent difference between CLIMATS validabn case and AEO 2009 Update values for new vehidales by
type.

Even though directly validating CLIMATS sales data at the vehicle typeited#ficult, the
trend in total sales and the effects of feedbacks are realistic and inttingéldipredictions.

Vehicle Miles Traveled Comparison

VMT (billions miles)
»
o
o
o

——AEO 2009 Update =———CLIMATS w/ no feedback CLIMATS w/ feedback
Figure 64 Comparison of CLIMATS and AEO 2009 UpdateVMT data.
The same can be said of VMT. The no feedback CLIMATS case compares very well
with AEO data, resulting in only a 0% to 5% difference. The feedback case, where the rebound
effect leads to increased travel as more fuel efficient vehicles batardrket due to a decrease

in the cost of driving, results in an overall increase in VMT (difference of 2% to o f
AEO).
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Gasoline Consumption Comparison

T
[eNeloNoNoNeoNo]
< NO 0O S N
- - -

160

(suojieb jo suojjiq)
uondwnsuo) |an4

o

Year

(suojeb jo suoliq) uondwnsuod
|an4 a1epdn 6002 O3V

N N — — Te} o JO
/_ 1 1 1 J\O
c / e.o
Q
2 r
g )
: .
o /
c /oo
o / SN
g
> A
Q
@ LS
S
Q
S
& N
L
o
Q
90

o O O O o
0 © < «

120
100

(suojeb jo suoljiw)
uondwnsuo) [an4 S1VYNITO

Year

Diesel Fuel Consumption Comparison

\

o N O 1 o

N —

(suojieb jo suol|q)

uondwnsuo) |an4

Year

CLIMATS w/ feedbacks—— CLIMATS w/ no feedbacks——AEO 2009 Update

Figure 65 Comparison of CLIMATS and AEO 2009 Updatefuel consumption data.
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The same market share issue discussed above resulted in the same maggitadéoof
VMT and fuel consumption data parsed by vehicle type. The graphs presentadéndsig
illustrate a good comparison for gasoline consumption, but expectedly skewedddtere
among E85 and diesel. Grid electricity consumption is not shown due to AEO only publishing
total consumption values and not those specific to PHEVs. Note that CLIMATS produces
significantly less E85 consumption (10 times as less) than AEO, though both trenchewuch t

same.

LDV CO, Emissions Comparison
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AEO CO2 Emissions CLIMATS Total Tailpipe CO2 Emissions (no feedbacks)
CLIMATS Tailpipe + Upstream CO2 Emissions (no feedbacks)}———— CLIMATS Total Tailpipe CO2 Emissions (feedbacks)
------ CLIMATS Tailpipe + Upstream CO2 Emissions (feedbacks)

Figure 66 Comparison of CLIMATS and AEO 2009 UpdateCO, emissions data.

Lastly, validation of CQemissions shows good agreement in magnitude as well as an
important difference in the models. Figure 66 plots CLIMATS tailpipe eomssinder both
feedback scenarios, showing an excellent comparison, where the feedbacknossapgward in
the second half of the simulation as consumers of alternative fuel vehiclemdnee By
adding upstream fuel emissions to the sum, the difference exceeds roughlylibdOnmeitric
tons of CQ, or an increase of 10% to 15%. Such an amount is not trivial and including these
emissions could drastically alter whether a policy reaches its intendeddquences.

Generally, CLIMATS performed well using AEO scenario data, given togym
structural differences. The additional feedbacks and emission sources damphie model

provided pronounced differences in output that are important to consider. While not perfectly
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mimicking EIA predictions, CLIMATS produces usable, reasonably accurateedeatg for

policy analysis.
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Appendix 4 CLIMATS Quantitative Model Sensitivity A nalysis

Sensitivity analysis is a process that tests the degree of influemgigleshave on model
results. This is useful in that it allows for an understanding of the different cegdbiat can
arise given varying magnitudes of perturbations to baseline assumptionsef-#d.986;
Winebrake and Creswick, 2003). In the case of CLIMATS, it will also provide an ia&ysis
of general policy impacts on key variables. Deaton and Winebrake (2000) provide apour st

method for performing this analysis:

1. Identify exogenous variables in the model whose values do not depend on other
guantities, but are instead set by the user.

2. For each exogenous variable, make a series of model runs, changing values daar a cer
range great enough to yield noticeable changes in results.

3. Observe and compare the system behavior and outcome for each run. Determine the
extent to which the system behavior changes whenever each exogenous variable is
changed. Changes in the system can be represented as either a diffdesscéeiy.
annual change in emissions)shape (e.g. trend in emissions over time) of the response.

4. Identify the level of impact of each exogenous variable and provide a rationdie for t

classification.

This analysis is conducted in two parts. In both comparisons, the AEO 2009 Update
CLIMATS simulation (with feedbacks) discussed in the model validation sectcamssdered
the base case. First, key exogenous variables related to fuel consumption aiot€ares
tested with experimental bounds of +/- 25%. A general understanding of each variable’
leverage in the model (and the policy implications) regarding total emissidnstion is parsed
out. Then, experimental bounds are increased and illustrated for variables comnuuslyedis
in the literature (e.g. the price of gasoline) to provide a broader pictuseimipbrtance.

Second, vehicle attribute variables represented in the consumer choice subenodel ar
tested with experimental bounds realistic for each variable. A general amdigmgtof each
variable’s leverage in the model regarding vehicle type market shaaesiesd out. Then,
experimental bounds are increased and illustrated for high impact variablesitie ghe extent

of influence.

157



Leverage is discussed in the short term (2015) and long term (2030). This gauges
whether a variable’s leverage changes over time, an important chiatacterdecision makers.
Impact ratings are be ranked none, low, and high.

Low leverage variables are those that have a minimal impact on the modein(Bed
Winebrake, 2000). While not directly important to emissions reductions, low leveraddasria
may provide an option for policy makers that have other benefits (e.g. economiay e
important in concert with changes to other system variables.

High leverage variables are those that have significant and often timegidrampact
on the model. Such variables are directly important to emissions reductions and maytheovide
best opportunity for policy makers to impact the system. Policies, individuallypand i

combination, should be built around such variables to meet intended consequences.

Appendix 4.1 Fuel Consumption and Emissions Variables

Total CO, Emissions Sensitivity to Annual Exogenous Change in
Vehicle Sales
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Figure 67 Sensitivity Analysis: Response of total @, emissions to changes in annual vehicle sales.
Table 11 outlines variables related to fuel consumption and emissions not included in the
consumer choice submodel. Only variables that represent dynamics thatadgltange in

the transportation system are included. Exogenous variables sunttiah®/ehicle Population

158



are not included because they are static quantities representingreavaues. Of those in the
table, three variables are discussed.

Annual Change in Vehicle Sales represent the annual addition of vehicles to the
population aside from the number of vehicles replacing those that are scrappesk(resal by
Annual Scrapped Vehicles). This case has policy significance because experts and decision
makers have discussed policies aimed at reducing driving behaviors, which caideé incl
owning less vehicles (2009; Frank and Pivo, 1994).

Figure 67 shows the emission results in response to a range of annuaésdkes t
According to the TEDB, total retail vehicle sales have averaged an annngédfdess than
1% since 1970, so +/- 2.5% are considered reasonable bounds for analysis (Davis and Diegal
2007). Of note is the increase in total emissions in the long term regardlessoeineos
Therefore, policies individually implemented to effect vehicle sales wilhtiged in reducing

LDV emissions.
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Figure 68 Sensitivity Analysis: Response of total @, emissions to changes in annual VMT.
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Table 11 Sensitivity analysis of key fuel and emigss variables.

2030
: 2015Totg 551504 | Total | 2030 % : Short Tern| Long Term
Variable Values Emissionq . . ) Rationale
Difference] Emissiond Differencej Leverage | Leverage
Values
Values
25% 0.014125 1387 -0.229% 1542 -0.5896 Annual Changein Sales will not have a high impact on total emissionshm realistic
s . o0s n
Annual Change in Sales Baseline 0.0113 1390 . 1551 .bOL.lljldS. Only a drasllc increase in sales, on rUercgrgater than +/-2%, will .Iead to a
(percent) significant change in CO2. Such change can oalgtbributed to a cultural shift, such a None Low
consumers adding an additional vehicle to a houseattoa spike in the number of driving ape
-25% 0.008475 1392 0.14%) 1560 0.58% consumers.
0, 0, o)
Annual Growth in VMT 25% 0.018623 1435 3.24% 1699 9.54% Annual Growth in VMT will have a high impact on total emissions dusttieeing a key
(percent) Baseline 0.0149 1390 --- 1551 component of tailpipe emissions. Policies aimedfécting riving habits are important t High High
250 0.011175 1341 _3.5304 1396 -0.094, consider, though difficult to implement.

Carbon Fraction of Fuel
(ton/kilogram)

25% 1.07875 1639 17.919 1803 16.25p
Gasoline Baseline 0.863 1390 --- 1551 --- High High
-25% 0.64725 1139 -18.06Y 1298 -16.31p6 . . ) .
Changing the carbon content of fuel is dependenth@nmarket share of its consumptio
25% 1.08125 1427 2.66% 1608 3.68% Considering this, policies aimed at the carbon eahbf gasoline will have an immediate gnd
Diesel Baseline 0.865 1390 . 1551 ___ |high impact because of the extensive gasoline \epigpulation. Conversely, doing the s: None Low
to diesel, E85, and grid electricity will not haaeshort term effect, but possibly a long tefm
-25% 0.64875 1353 -2.66% 1495 -3.6190 impact if those vehicle types increase in marketrsh It is also important to note that this
250 0.6525 1390 0.00% 1552 0.069 assessment is strictly confined to LDVs. Changimgcarbon content of grid electricity
would have immediate effects on other economicasscind altering diesel would do the s
E85 Baseline 0.522 1390 - 1551 - for freight trucks. None Low
-25% 0.3915 1390 0.00% 1551 0.009
25% 0.00075 1390 0.00% 1551 0.009
Garbon Per kWh Baseline  0.0006| 1390 1551 None Low
(ton/kilowatt-hour)
-25% 0.00045 1390 0.00%, 1551 0.009
25% 0.25 1390 0.00% 1551 0.009
Change in Grid Electricity Pric 8 None None
(percent) Baseline 0 1390 --- 1551
-25% -0.25 1390 0.00% 1550 -0.069

Change in Liquid Fuel Price

(percent)
0, - () 0
25% 0.02575 1384 0.43% 1579 181 habits as well as the vehicle types purchased. prive of the fuel must be significant enojgh
Gasoline Baseline 0.0206 1390 --- 1551 to cause a consumer reaction, though. For instai@ange in Gasoline Price has a higher Low High
250 0.01545 1397 0.50% 1518 213 0|mpa<:t ove.r tlme as mor»e and more consume‘rs chmgteerr_’nauve fuel ve_hlcles. A_Iso, tHe
effect of price is constrained by the other vehagibute variables taken into consideratjan
25% 0.02775 1390 0.00%, 1551 0.00% by consumers. Electricity may cost less, but tigeificant up front cost of PHEVs inhibit
Diesel Baseline 0.0222 1390 - 1551 their market penetration. None Low
-25% 0.01665 1390 0.00% 1553 0.139
25% 0.01925 1390 0.00% 1552 0.06Y
E85 Baseline 0.0154 1390 - 1551 None Low
-25% 0.01155 1390 0.00% 1546 -0.32%

_ The annual change in price of fuels is shown toehav impact in both consumer drivin_




The same conclusion is not true fomual Changein VMT, which represents the annual
addition of VMT aside from a change caused by the rebound effect. Vehicle trawpbrsant
to policy makers because it is the direct source of the majority of LDV iemsssMany
policies, ranging from increasing the use of public transportation to taxihgseleaim to
reduce travel.

The Federal Highway Administration reports that since 1980, total LDV VMIghawn
an average of about 2% annually, so +/- 2% are considered reasonable bounds for analysis
(FHWA, 2009a). Interestingly, Figure 68 shows that gradual emission reduatenget under
a no growth scenario because consumers are traveling less in response to fuesipricien the
base case. A significant reduction (over 50% by 2030) in total emissions is heetaatér

bounds of the simulation though, representing the high impact VMT-focused policies can have
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Figure 69 Sensitivity Analysis: Response of total @, emissions to changes in the price of gasoline.

Lastly, the price of gasoline is a commonly cited policy lever for reducansportation
emissions (Metcalf et al., 2008). The cost per gallon of fuel can vary widelywerkdy and
monthly basis, but in times of sustained increase (e.g. 2008), consumers have redulged vehic
travel (FHWA, 2009a).

Figure 69 illustrates the annual change in gasoline prices over a rafng&@f. The

price increase scenario is significant because emissions stabitipaed to the almost 1/3



increase in emissions in the decreasing price case. Though not as dthsti¢M3 case, the

US federal government imposing gasoline price policies does produce a modpeate

Appendix 4.2 Vehicle Attribute Variables

Table 12 outlines exogenous vehicle attribute variables from the consumer choice
submodel selected for sensitivity analysis. Boolean variables, stitimaRefueling for
Electric Vehicles (e.g. values set as ‘on’ or ‘off’), were not analyzed. Also, variables asktom
not significantly change over time, such/Azseleration andTop Speed, were not included.
AEO 2009 Update data was used to assess whether new technologies would leathigfuhea
change in these attributes, providing a more realistic analysis.

Instead of directly comparing total emissions, the market share of new machased.
Though emission reductions are the goal of policies aimed at increasiradethefsalternative
fuel vehicles, these effects will be delayed due to system inertia in tunenghe vehicle
population. With this in mind, a more immediate effect will be increased slase, therefore
making for a more explicit comparison.

Variable perturbations are made across vehicle types, so changes ateobfwiall
classes. CLIMATS calculates vehicle class shares exogenously, so nttatbigbens will not
directly affect class values over time, making this simplification ses.

Sensitivity analysis results show thahicle Price Growth has the highest impact on
new sales market share across all types. Policies such as subsidiesrfatiadt fuel vehicles
have the greatest possibility of greater market penetration. An annuc®ase in vehicle
price can lead to a 23% to 110% increase in market share of selected vehiclg 8@¥s.bThe
effects of this high impact change on total &missions can differ though.

Figure 70 illustrates that a decrease in price for gasoline veharidsad to a gradual,
long term increase in emissions. Conversely, policies that increase thefgassil fuel
vehicles, such as feebates, must be greater than 1% annually to lead toseede@eassions.
These price effects are localized to only gasoline vehicles and do noerg@e®nsequent
decrease in price for alternative fuel vehicles called for by a feebaeapr¢Greene et al.,
2005).
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Table 12 Sensitivity analysis of select vehicle atbiute variables.

2015 Sale: 2030 Sale
0, 0,
Variable Values Market _2015 % Market _2030 % Rationale et Teij | Leng) e
Difference] Difference] Leverage | Leverage
Share Share
Fuel Economy Growth(miles per gallon)
0% 0 68.0% -2.44% 62.8% -13.38%
cGv Baseline --- 69.7% --- 72.5% - Low High
2% 0.02 73.7% 5.74% 80.1% 10.48%
0% 0 19.0% 4.40% 22.3% -0.45% The annual change in fuel economy is shown to leakigh impact on specific vehicle typ
Diesel Baseline - 18.2% - 22.4% - Types more closely constrained by higher new rgiades, such as PHEVs, are less effected High High
o o o o by positive changes. On the other hand, gasolatgcles gain market share in the long tqrm
2% 0.02 21.5% 18.13% 54.8% 144'64%because consumers are more likely to stay withnangonly used technology than switch jo
0% 0 6.0% -28.40% 5.1% -60.47% alternative fuels, given that gasoline vehiclesolpee more fuel efficient. The highest
HEV Baseli 8.49% 12.9% percentage impact is achieved by diesel vehicldsF#Vs. where the reduction in fuel cost pue High High
aseline - e - I - to a higher fuel economy is enough to reduce thgaich on consumer utility of lower fuel g g
2% 0.02 7.9% -5.73% 12.3% -4.65% availability and price. In the absence of charigdsiel economy to gasoline vehicles, thls
0% ) 0.0007%, 0.00% 0.0099 95.91 /Oanaly§is shows the possibilit){ of increasing t.hek'eashare of some alternative fuel vehidles
- with moderate, but consistant changes in technoldgther, more cost prohibitive,
PHEV Baseline 0.0% 0.2% technologies like grid electric are more ineleastitechnology changes and may requirp  None None
2% 0.02 | 0.00099 0.00%| o0.049% -78.87p6 additional policy aid.
0% 0 5.6% 52.59% 4.9% 10.869
FFV Baseline --- 3.7% --- 4.4% High High
2% 0.02 7.3% 98.91%) 11.8% 166.97p6
Vehicle Price Growth (2007 $)
1% 0.01 51.0% -26.83Y 16.09% -77.93p
cGv Baseline --- 69.7% --- 72.5% - High High
-1% -0.01 85.8% 23.10% 95.0% 31.03%0
1% 0.01 7.6% -58.249 2.0% -91.07%6
Diesel Baseline 18.2% 22.4% High High
-1% -0.01 33.9% 86.26% 65.0% 190.18p6
- 0 - - Vehicle Price Growth represents a very high impact and direct methochahging the
1% 0.01 3.3% -60.62 1.0% 92.2516  market share of different vehicle types. Acrossygles, a gradual 1% decrease in pric
HEV Baseline - 8.4% --- 12.9% - drastically increases the number of vehicles pwseti@ach year and vice versa for a graqual High High
1% .0.01 14.0% 67.06% 33.09%4 155.81] /Dl% increase. The impact |§ also 5|gn|f|_cantly sb_et‘n in the short and long term, makirjg
this a key policy lever in the model.
1% 0.01 0.000% 0.00% 0.0009 -100.04%
PHEV Baseline 0.0% 0.2% None High
-1% -0.01 0.000% 0.00% 45.0% 19465%0
1% 0.01 1.5% -59.139 0.0% -100.000%
FFV Baseline 3.7% 4.4% High High
1% -0.01 7.7% 109.819 25.0% 465.61p6




2015 Sale: 2030 Sale]
0, 0,
Variable Values Market _2015 - Market ,2030 - Rationale S VEH | [LOE) UEi
Difference] Difference] Leverage | Leverage
Share Share
Maintenance Cost Growth (2007 $)
1% 0.01 68.1% -2.30% 63.8%) -12.00%0
cev Baseline 0 69.7% 72.5% Low High
-1% -0.01 71.3% 2.30% 72.6%) 0.149
1% 0.01 16.1% -11.549 14.7% -34.38)0
Diesel Baseline 0 18.2% 22.4% --- | The Maintenance Cost Growth variables represents the annual change in theafaspairing High High
a vehicle. The literature suggests that consumeillse purchasing decisions based on tHe
-1% -0.01 19.4% 6.59% 22.7%) 1.349 L ) . .
yearly cost of maintaining a vehicle verse purch@si new model, among other decisiorjs
1% 0.01 6.2% -26.379 5.6% -56.28%0 This impact is shown clearly in this analysis. €amers are less likely to switch to
HEV Baseline 0 8.4% 12.9% altgrnatlve fuel vehicles if the costi of repa|rin|gd|t|onal gasoline vehicles de_creaseg High High
Reducing the cost of repaiiar alternative fuel vehicles also has a low to motemmpact in
-1% -0.01 7.1% -14.929 8.6% -33.33%6  poth the short and long term as to whether conssiciesose to purchase them. An
1% 0.01 0.000% 0.00% 0.0009 -99.96p, IMportant point to make is that HEVs are more susibte to the impacts of maintenance
- due to the high cost of battery replacement. bi,fehe analysis shows that even an anrjual
PHEV Baseline 0 0.0% 0.2% 1% reduction in costs may not be enough to incritasmarket share. None None
-1% -0.01 0.000% 0.00% 0.0089 -96%)
1% 0.01 5.4% 47.68%) 4.6% 3.629
FFV Baseline 0 3.7% 4.4% High High
-1% -0.01 6.2% 67.85%) 6.7% 50.45%
Range Growth(miles)
1% 0.01 69.9% 0.29% 69.0% -4.839
cecv Baseline 69.7% 72.5% None Low
-1% -0.01 69.8% 0.14% 68.7%) -5.249
1% 0.01 17.8% -2.20% 18.4%) -17.86%0
Diesel Baseline 18.2% 22.4% None Low
-1% -0.01 17.7% -2.75% 18.3%) -18.30%0
0, 0, - 0, 0, -
1% 0.01 5.7% 20.53 7.2% 44.34 0Changing a vehicles range per tank of fuel will @alimited impact on market share. The
HEV Baseline - 8.4% - 12.9% analysis shows that only in the case of FFVs anWdilahich are limited by fuel availabilit Low Low
1% 0.01 6.6% 20.769 7.1% _a4.88% and battery charge respectively, can range betéffe increasing sales.
1% 0.01 0.000% 0.00% 0.0019 -99.52p6
PHEV Baseline --- 0.0% --- 0.2% --- None None
-1% -0.01 0.000% 0.00% 0.0019 -1009
1% 0.01 5.8% 58.31% 5.7% 28.96%
FFV Baseline 3.7% 4.4% Low Low
-1% -0.01 5.8% 57.22%) 5.6% 25.79%
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2030

. 2015Totq 551506 | Total | 2030 % _ Short Tern] Long Term
Variable Values Emissionq .. . . Rationale
Difference] Emissiond Differencej Leverage | Leverage
Values
Values
Fuel Availability (%)
0% 0.3125 1388 -0.14% 1571 1.299
Diesel Baseline 0.25 1390 1551 - | Fuel Availability could be a key determinate in whether a consuruesh@ses an alternatie | Low
fuel vehicle. For instance, E85 is not widely dafale at fuel stations, so consumers are lpss
100% 0.1875 1358 -2.30% 1534 -1.10 °likely to purchase vehicles that use it. The asialghows a low, short and long term impfct
0% 0.025 1388 -0.14%) 1571 1.2904 of on total emissions though. Individual policieach as renewable fuel standards, will npt
- significantly impact emissions, but may play a cdéimpntary role in making alternative fugl
E85 Baseline 0.02 1390 1551 vehicles more attractive to consumers. Low Low
100% 0.015 1341 -3.53% 1486 -4.19%
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Figure 70 Sensitivity Analysis: Response of total @, emissions to changes in gasoline vehicle price.
Figure 71 represents a more pronounced long term increase in total emissiongileve
a decrease in diesel vehicle prices. This is important for policy making békauserease in
emissions continues as diesel vehicles reach a 65% market share of newpugbiases.
Individual policies aimed at increasing the use of diesel vehicles may ddbleaission
reductions.
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Figure 71 Sensitivity Analysis: Response of total @, emissions to changes in diesel vehicle price.
Figure 72 and Figure 74 shows much of the same story with HEVs and FFVs. A 1%

annual decrease in price does lead to a decrease in yearly emissions d¢aoirerdase case,



but it does not stabilize or decrease emission trends. Large price breakgpbmentary efforts
may be needed when formulating policies around these vehicle types.

Small, long term reductions can be reached, though, by decreasing the price of PHEVs
Figure 73 shows that just a 12% PHEV share in new sales can lead to emission cutseso pol
aimed at electric battery vehicles may produce more immediate rebgitscompared to other
alternative fuel vehicles.
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Figure 72 Sensitivity Analysis: Response of total @, emissions to changes in HEV price.
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Figure 73 Sensitivity Analysis: Response of total @, emissions to changes in PHEV price.
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Figure 74 Sensitivity Analysis: Response of total @, emissions to changes in FFV price.
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Appendix 5 Model Analysis Scenario Details
The following tables detail the input data used to create model scendpmendix 5.1
details specific user input variables used to control annual trends, emissiorss gaadquolicy
implementation.Appendix 5.2 details initialization data used to simulate the US light duty
vehicle sector and more accurately assess policy impappendix 5.3 details vehicle attributes
used in the consumer decision making submodel for each scenario.

Appendix 5.1 User Input Variables for Model Scenarios

Appendix 5.1.1 Fuel Specifications
Fuel specifications were taken from the assumptions used in the GREET modé#|ass
those used in the Energy Information Administration Annual Energy Outlodk ZbD8Db;

Wang, 1996)
Fuel Specifications(used for all scenarios)
Fuel Density Fuel Energy Conten Carbon Fraction of Fuel
(kilograms/gallon) (Btu/gallon) (ton/kg)
Gasoline 2.891 115400 0.863
Diesel 3.167 128700 0.865
E85 2.988 81621.5 0.522
Electricity 0 3412 .000@on/kwh)

Appendix 5.1.2 Model

Growth Factors

Model Growth Factors
AEO Validation Policy Scenario | Policy Scenario | Policy Scenario
Scenario #1 #2 #3
Annual Change in Sales 1.13% 1.13% 1.13% 1.13%
(percent)
Annual Growth in VMT 1.49% 1.49% 1.49% 1.49%
(percent)
Change in Grid Electricity
Price 45% .45% .45% 45%
(percent)
Change in Liquid Fuel Price G- 2.06% G- 2.06% G- 2.06% G- 2.06%
(percent) D- 2.22% D- 2.22% D- 2.22% D- 2.22%
E85- 1.54% E85- 1.54% E85- 1.54% E85- 1.54%
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Appendix 5.1.3 System Feedback Variables

Model Feedback Values

AEO Validation Policy Scenario| Policy Scenario| Policy Scenario
Scenario #1 #2 #3
Elasticity T\)/]I‘“\éMT FC Per 10% 10% 10% 10%
Rebound Effect Switch Oand 1 1 1 1
Scrappage-\_/MT Feedback 0and 1 1 1 1
Switch

Appendix 5.1.4 Upstream Fuel Emissions Values
Upstream fuel emission factors are taken from the GREET model assasnfWang,

1996).

Upstream Fuel Emissions Valuegused for all scenarios)

Vehicle Fuel Type Fuel Production Factors Feedstock Factors
(ton/gallon) (ton/gallon)
Gasoline 67 17
Diesel 43 21
Grid Independent Hybrid Electric 67 12
Plug in Hybrid Electric 45 12
Gasoline-E85 Flex Fuel 180 -209
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Appendix 5.1.5 EPA Fuel Economy Degradation Factors

The reduction in fuel economy from the vehicles published sticker value due to more
rigorous driving habits than those used tested by the EPA has been well documented. The
Energy Information Administration published the below values which takes intordaemall
increase in the performance of the EPA tests (EIA, 2007b).

0 2006 78.7 84.0
1 2007 81.5 84.0
2 2008 81.6 84.0
3 2009 81.7 84.0
4 2010 81.8 84.0
5 2011 81.9 84.0
6 2012 82.0 84.0
7 2013 82.1 84.0
8 2014 82.2 84.0
9 2015 82.3 84.0
10 2016 82.4 84.0
11 2017 82.5 84.0
12 2018 82.6 84.0
13 2019 82.7 84.0
14 2020 82.8 84.0
15 2021 82.9 84.0
16 2022 83.0 84.0
17 2023 83.1 84.0
18 2024 83.2 84.0
19 2025 83.3 84.0
20 2026 83.4 84.0
21 2027 83.5 84.0
22 2028 83.6 84.0
23 2029 83.7 84.0
24 2030 83.8 84.0
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Appendix 5.2 Model Initialization Variables

Appendix 5.2.1 Vehicle Class Classifications

Classifications are taken from Environmental Protection Agencyatgu$, which are
commonly used in transportation policy analysis. Gross Vehicle Weight R&NAYR) is
defined as the curb weight of the vehicle plus carrying capacity. Interior vadwheéined as
the combined passenger and cargo volume.

Vehicle Class Classification Description
Sub Compact Car Interior volume between 85 — 99.9 cubic feet
Compact Car Interior volume between 100 — 109.9 cubid feet
Mid Size Car Interior volume between 110 — 119.9 cubic|feet
Large Car Interior volume greater than 120 cubic feet
Small SUV GVWR less than 6,000 Ibs.
Large SUV GVWR between 6,000 — 8,500 Ibs.
Small Pickup Truck GVWR less than 6,000 Ibs.
Large Pickup Truck GVWR between 6,000 — 8,500 Ibs.




Appendix 5.2.2 Initial Vehicle Population by Cohort

Historic vehicle population data is not readily available by class and/peel The EPA annually produces vehicle sales by
year in the Light Duty Automotive Technology and Fuel Economy Trends report (EPA, 2008)sales data was used as the
maximum estimate of historic vehicle population by class, fuel type, and cohamny tofl light duty vehicle population estimates
made in the Transportation Energy Data Book, these sales data were reducet fnuivieghed total values.

Initial Vehicle Population, 1986-2006 (sed for all scenarios, by cohort
Veh_li_(;’I:eFuel Vehicle Class 0 1 > 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sub Compact Car 1098 150 150p 1614 15f5 644 8p0 1B82 1601 487 1108 1123 1095 1072 500 1000 600 300 100 50 50
Compact Car 2819 3094 2921 281p 2998 2197 2612 2868 2126 1840 [LO00 1432 1302 1173 1221 500 500 300 300 200 100
Mid Size Car 3113 2886 3022 298 280[7 24840 2984 2141 2967 1399 1359 1515 1157 1330 1120 1000 450 291 113 10 10
Conventional Large Car 1570 1834 1885 186 185 1416 16p5 1859 912 11195 066 1305 1277 1103 1240 1012 300 489 203 78 50
Gasoline Small SUvV 3757 3085 4711 4117 3191 2449 2641 2830 1880 1448 1889 1415 1023 1011 850 400 253 339 397 220 100
Large SUV 327 490 634 654 453 781 82 721 348 2(0 2B1 473 03 66 80 92 0 0 0 0 0
Small Pick-up Truck 1500 1959 1984 182]L 1973 1595 1832 1587 1732 1559 11500 1285 1231 1035 587 150 100 300 0 0 0
Large Pick-up Truck 1938 1939 162 1858 1806 1192 781 958 83 49 454 485 238 266 244 141 224 130 65 0 0
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 q D 0 0 0
Compact Car 83 78 113 99 108| 129 10 126 3p 102 9 86 79 68 57 50 50 50 0 0 0
Mid Size Car 62 71 87 66 79 75 74 104 217 5§ 44 41 34 35 7 Lo 0 0 0 0 0
Diesel Large Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0) 0 q
Small SUvV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ q
Large SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0l q qQ D
Large Pick-up Truck 47 51 68 46 49 57 44] 50 12 3 10 21 21 L5 L1 10 0 0 0 0 0
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0) 0 q D 0 0 0
Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 q D
. Mid Size Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0 g
lnd;’;‘?_]dent Large Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Oj 0 q
Hybrid Electric Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0) [ qQ
Large SUV 74 58 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0l q qQ D
Large Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| q q D D
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 q D 0 0 0
Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] ¢ q D
Mid Size Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [8) 0 g
Plug in Hybrid Large Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o) q
Electric Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q q
Large SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 [y q qQ D
Large Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| q q D D
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 q D 0 0 0
Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] ¢ q D
Mid Size Car 39 38 37 31 28 23 20 0 0 0 0 0 0 o) q D 0 0
Gasoline-E85 Large Car 19 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0] 0| g [
Flex Fuel Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] q q
Large SUV 5 4 4 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Small Pick-up Truck 26 22 18 17 15 13 11 3 1 1 0 g q P 0 0 0 0
Large Pick-up Truck 50 42 34 33 30 24 21 6 3 2 0 q D o 0 0 0 0




Appendix 5.2.3 Initial Fuel Economy by Cohort
The EPA Light Duty Automotive Technology and Fuel Economy Trends report was ustidhtate average fuel economy for
each vehicle class/ vehicle fuel type (EPA, 2008).

Initial Fuel Economy, 1986-2006 sed for all scenarios, by cohort)
Vehicle Fuel Type Vehicle Class 1 2 B 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sub Compact Car 27.3 26.8 28. 28.4 30{7 31.3 31.3 3L.6 2.5 82.9 31.5 31.6 321.8 26.2 26.3 26.1 26.9 26.3 26.
Compact Car 32.7 31.9 32.]) 31. 3Ly 305 30.1 30.9 30.3 30.3 B0.6 29.8 29.66 | 2829 28 28 27 26 26
Mid Size Car 29.8 28.7 28.3 27.7 27. 27| 271 2711 26.5 2.5 6.1 5.9 26.1 252.8 22.1 22.5 22.6 22.1 22
Conventional Gasoline Large Car 26.4 26 26 26 25.4 25. 24.8 24(6 24.5 24.3 4.4 24.1 P4.2 23.8 21.8 20 20016 20.3 20
Small SUV 21.9 21.3 21.2 20.9 23.1 20. 205 2014 20.4 20.2 19.8 20 0.1 20.1 9 [1819.5 19.1 20.4 20.4 18.8]
Large SUV 14.2 14.3 14.3 14.5] 14.3 13. 13J6 13.6 13.1 1B.6 14.1 14.1 14. 144 4 11414 14 14 14 14
Small Pick-up Truck 22.3 22.1 22.1] 21.2 21.p 218 21.9 22.8 2p.7 42.8 P2.3 6 [2222.4 22.2 21.7 21.7 21.5] 21.9 21.% 215
Large Pick-up Truck 18.7 18.5 18.4 18. 18.1L 18(2 17.6 17.3 17.8 17.1 16.8 17 9 [1616.7 14 14 14 14 14 14
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0] q q D 0 0
Compact Car 44 44 44 43 43 43 43 42 47 42 4p 41 41 11 Bo 140 40 40 40 40
Mid Size Car 39 39 39 38 38 38 37 37 37 37 3 36 36 36 5 B5 B5 35 35 35
Diesel Large Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0
Large SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o) 0 q
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| ¢ g qQ
Large Pick-up Truck 28 28 28 27 27 27 26 24 2 2 26 246 25 P5 R4 23 23 23 23 23
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0] q q D 0 0
Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] o) q
Mid Size Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Grid Independent Hybrid Large Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Electric Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0
Large SUV 41 41 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0| 0 qQ
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| O g qQ
Large Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q ¢
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0] o) q D 0 0
Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] q q
Mid Size Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
. . . Large Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0| 0 q
Plug in Hybrid Electric Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Large SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o) 0 q
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 q qQ
Large Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q ¢
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0] o) q D 0 0
Compact Car 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] o) q
Mid Size Car 23 23 23 23 23 23 0 0 0 0 0 0 0 8 q qQ D 0
. Large Car 22 22 22 0 0 0 0 0 0 0 0 0 0 0| 0| q q
Gasoline-E85 Flex Fuel Small SUV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q
Large SUV 19 19 19 19 19 19 0 0 0 0 0 0 0 Y O g qQ D
Small Pick-up Truck 19 19 19 19 19 19 19 19 1 0 q qQ P 0 0 0 0 0
Large Pick-up Truck 18 18 18 18 18 18 18 19 1 q q D P 0 0 0 0 0

174



Appendix 5.2.4 Initial Annual Miles Traveled per Vehicle by Cohort
Annual vehicle VMT values were taken from the Department of Energy Traasport
Energy Data Book, Table 3.7 (Davis and Diegal, 2007).

Initial Annual Miles Traveled Per Vehicle By Cohort
Cohort | All Automobile Classes| All Truck Classes
0 15000 17500
1 14300 19200
2 13700 19800
3 12900 17900
4 12400 17500
5 12000 17000
6 11700 15600
7 11400 15400
8 11100 15100
9 10700 13200
10 9900 9200
11 9000 9200
12 9400 9200
13 8200 9200
14 7200 9200
15 5300 9200
16 5300 9200
17 5300 9200
18 5300 9200
19 5300 9200
20 5300 9200




Appendix 5.3 Vehicle Attribute Details for Model Scenarios

The following tables represent model scenario values for each vehidlatatsimulated
by the consumer choice submodel. It is assumedHibrae Refueling for EVs andMultifuel
Capability are always set to ‘1’ (‘on’) for plug in hybrid electric vehicles and gasdh85 flex

fuel vehicles respectively, so tables are not explicitly shown.

Appendix 5.3.1 Fuel Economy

Fuel Economy(miles per gallon)
Note: First Column = 2006 mpg; second column = anral % change
AEO Validation . .
Vehicle Fuel Veicle Clase Scenario/S2/S3 Policy Scenario #1
Type Baseline Agﬂ:ﬁg? Baseline | BAU Low Medium High
Sub Compact Car 29.8 1.26 29.8 1.26 .01 .03 .0B
Compact Car 33.1 1.04 33.1 1.04 .01 .02 .03
Mid Size Car 29.6 1.12 29.6 1.12 .01 .02 .03
Conventional Large Car 27.6 1.27 27.6 1.27 .01 .02 .03
Gasoline Small SUV 25.7 1.08 25.7 1.08 .01 .02 .03
Large SUV 20.9 1.12 20.9 1.12 .01 .02 .03
Small Pick-up Truck 23.1 1.12 23.1 1.12 .01 .02 .03
Large Pick-up Truck 21.4 0.98 21.4 0.9§ .01 .02 .0.
Sub Compact Car 0 0 0 0 0 0 0
Compact Car 44.5 0.86 44.5 0.86 0.86 0.86 0.86
Mid Size Car 39.8 0.97 39.8 0.97] 0.97 0.97 0.9y
Diesel Large Car 37.0 1.04 37.0 1.04 1.04 1.04 1.04
Small SUV 34.6 0.81 34.6 0.81 0.81 0.81 0.81
Large SUV 28.2 0.81 28.2 0.81 0.81 0.8]] 0.81
Small Pick-up Truck 31.0 0.84 31.0 0.84 0.84 0.84 .840
Large Pick-up Truck 28.8 0.65 28.8 0.65 0.6 0.656 .650
Sub Compact Car 44.0 117 44.0 1.1y 1.17 1.7 117
Compact Car 47.8 0.85 47.8 0.85 0.8p 0.8% 0.85
Mid Size Car 42.7 0.88 42.7 0.88] 0.88§ 0.8§ 0.8B
Grid Independent Large Car 0 0 0 0 0 0 0
Hybrid Electric Small SUV 0 0 0 0 0 0 0
Large SUV 30.3 0.87 30.3 0.87 0.87 0.87 0.8y
Small Pick-up Truck 0 0 0 0 0 0 0
Large Pick-up Truck 0 0 0 0 0 0 0
Sub Compact Car 0 0 0 0 0 0 0
Compact Car 54.0 0.99 54.0 0.94 0.99 0.99 0.99
Plug in Hybrid Mid Size Car 55.7 0.37 55.7 0.37] 0.37 0.37 0.3
Electric é_ ar%lesCLJa\; 420 5 0%2 4(2) 5 0082 c? 82 8 82 8 82
. : mal . . . . . . .82
(gasolinefelectric) Large SUV 0 0 0 0 0 0 0
Small Pick-up Truck 0 0 0 0 0 0 0
Large Pick-up Truck 0 0 0 0 0 0 0
Sub Compact Car 30.7 143 30.7 1.48 1.43 1.43 1.43
Compact Car 33.4 1.16 33.4 1.14 1.16 1.16 1.16
Mid Size Car 29.9 1.13 29.9 1.13 1.13 1.13 1.18
Gasoline-E85 Large Car 27.9 1.27 27.9 1.27 1.2] 1.27 1.2
Flex Fuel Small SUV 25.8 1.12 25.8 1.12 1.12 1.12 1.12
Large SUV 21.1 1.12 21.1 1.12 1.12 1.12 1.1
Small Pick-up Truck 23.4 1.11 23.4 1.11 1.11 1.11 111
Large Pick-up Truck 21.6 0.97 21.6 0.97 0.97 0.9y 970




Appendix 5.3.2 New Vehicle Retail Price
New Vehicle Retail Price(thousands of 2007 $)
Note: First Column = 2006 retail price; second colonn = annual % change
n n AEO Validation Policy Scenario | Policy Scenario | Policy Scenario
Vehicle Fuel Type Vehicle Class Scenario #1 4 #3
Sub Compact Car 27.9 0.28 27.9 0.28 27,9 0.28 2(.90.28
Compact Car 22.0 0.28 22.Q 0.2§ 220 0.28 22.0 0.p8
Mid Size Car 28.0 0.25 28.0 0.25 28.0 0.25 28,0 50.7
Large Car 34.1 0.22 34.1 0.22] 34.1 0.2p 341 0.22
. ) Small SUV 25.3 0.27 25.3 0.27 25.3 0.27 253 0.47
Conventional Gasoline Large SUV 36.0 0.20 360 020 36. 0.2 360 020
Small Pick-up 17.3 0.42 17.3 0.42 17.3 0.42 17.8 0.42
Truck
Large Pick-up 22.0 0.30 22.0 0.30 22.0 0.30 22.0 0.30
Truck
Sub Compact Car 0 0 0 0 0 0 0 0
Compact Car 23.5 0.20 23.5 0.20 235 0.20 23.5 0.p0
Mid Size Car 29.3 0.21 29.3 0.21] 29.8 0.21 29.3 10.2
Large Car 36.0 0.11 36.0 0.11] 36.0 0.1 36.0 0.11
Diesel Small SUV 27.6 0.21 27.6 0.21 27.4 0.21 27/6 0.41
Large SUV 38.3 0.14 38.3 0.14 38.3 0.14 383 0.14
Small Pick-up 20.7 0.04 20.7 0.04 20.7] 0.04 20.y 0.04
Truck
Large Pick-up 24.8 0.12 24.8 0.12 24.8 0.12 24.8 0.12
Truck
Sub Compact Car 28.1 -0.01 28.1 -0.01 28.1 -0.p1 .128 -0.01
Compact Car 25.5 0.02 25.5 0.02 25.5 0.02 25.p 0.p2
Mid Size Car 31.7 0.01 31.7 0.01] 31.7 0.0L 31.7 10.
Large Car 0 0 0 0 0 0 0 0
Grid Independent Hybrid Small SUV 0 0 0 0 0 0 0 0
Electric Large SUV 29.3 -0.03 29.3 -0.03 29.3 -0.08 29.3 030.
Small Pick-up 0 0 0 0 0 0 0 0
Truck
Large Pick-up 0 0 0 0 0 0 0 0
Truck
Sub Compact Car 0 0 0 0 0 0 0 0
Compact Car 28.4 -0.28 28.4 -0.2 28.4 -0.28 284 0.28
Mid Size Car 33.6 -0.03 33.6 -0.03 33.6 -0.08 33.6 -0.03
Large Car 0 0 0 0 0 0 0 0
. . . Small SUV 41.2 -0.26 41.2 -0.26) 41.2 -0.26 41.2 260.
Plug in Hybrid Electric Large SUV 0 0 ) 0 ) o 0 )
Small Pick-up 0 0 0 0 0 0 0 0
Truck
Large Pick-up 0 0 0 0 0 0 0 0
Truck
Sub Compact Car 26.7 0.02 26.7 0.02 267 0.02 26.70.02
Compact Car 23.8 -0.01 23.8 -0.01 238 -0.01 23.8 0.01-
Mid Size Car 28.7 0.20 28.7 0.20 28.7 0.20 287 00.7
Large Car 35.3 0.12 35.3 0.12] 35.8 0.1p 353 0.12
. Small SUV 25.8 0.25 25.8 0.25 25.9 0.25 258 0.25
Gasoline-E85 Flex Fuel Large SUV 36.4 0.20 36.4] 020 364 02 364 040
Small Pick-up 20.2 0.11 20.2 0.11 20.2 0.11] 20.2 0.1
Truck
Large Pick-up 23.9 0.06 23.9 0.06 23.9 0.06] 23.9 0.06
Truck
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Appendix 5.3.3 Other Vehicle Attribute Variable Inputs

Vehicle Attribute Variable Inputs — All Scenarios (Second column = annual change if necessary)

, , Market | Acceleration Fuel L Maintenan {  Make/Model Ran T
Vehicle Fuel Type Vehicle Class Penetration gﬁdg Availability ug(g;%tfi ee[S)pace a 20517 Sge Cos! Availabilty ( n;a'l eé);e (m?eps) pil?ﬁ:':?
Sub Compact Car 2006 9 1 0 12 917 q 35 .01 441 125 115
Compact Car 2006 10 1 0 13 917 0 35 .01 876 1/06 5 11
Mid Size Car 2006 9 1 0 14 917 0 35 .01 521 111 511
Conventional Large Car 2006 8 1 0 15 917 0 35 0 509 1.27 115
Gasoline Small SUV 2006 11 1 0 15 917 0 35 0 475 1.09 115
Large SUV 2006 10 1 0 15 917 0 35 0 523 1.14 115
Small Pick-up Truck 2006 10 1 0 15 917 0 35 q 48p .161 115
Large Pick-up Truck 2006 10 1 0 15 917 0 35 ( 60l .021 115
Sub Compact Car 0 0 0 0 0 0 0 0 0 0 0 0
Compact Car 2006 10 .25 .01 13 1375 g 4 .02 1183 06 1, 110
Mid Size Car 2006 9 .25 .01 14 1375 0 4 .0p 708 111 110
Diesel Large Car 2007 8 .25 .0 15 1375 0 4 .0p 68{L 134 10 1
Small SUV 2006 11 .25 .01 15 1375 0 4 .0p 640 1.9 110
Large SUV 2006 10 .25 .01 15 1375 0 4 .0p 708 114 110
Small Pick-up Truck 2007 10 .25 .0] 15 1375 g 8 .02 651 1.22 110
Large Pick-up Truck 2006 10 .25 .01 15 1374 [0 8 .02 805 1.02 110
Sub Compact Car 2011 9 1 0 10 1146 [0 5 .05 571 139 90
Compact Car 2006 10 1 0 11 1146 0 5 .05 1096 1|06 0 9
Mid Size Car 2006 9 1 0 12 1146 0 5 .0% 652 1.11 90
Grid Independent Large Car 0 0 0 0 0 0 0 0 0 0 0 0
Hybrid Electric Small SUV 0 0 0 0 0 0 0 0 0 0 0 0
Large SUV 2006 10 1 0 13 1146 0 5 .04 654 1.14 90
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0
Large Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0
Sub Compact Car 0 9 1 0 0 1834 0 0 q 0 q 0
Compact Car 2010 10 1 0 13 1834 0 1 .01 11389 113 0 9
Mid Size Car 2015 9 1 0 14 1834 0 1 .01 779 0.58 90
Plug in Hybrid Large Car 0 0 0 0 0 0 0 0 0 0 0 0
Electric Small SUvV 2010 11 1 0 15 1834 0 1 .01 62§ 1.08 90
Large SUV 0 0 0 0 0 0 0 0 0 0 0 0
Small Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0
Large Pick-up Truck 0 0 0 0 0 0 0 0 0 0 0 0
Sub Compact Car 2011 9 .02 .005 12 917 2 .02 3981.39 115
Compact Car 2009 10 .02 .005 13 917 q 2 .02 714 511 115
Mid Size Car 2006 9 .02 .00% 14 917 0 2 .0p 45p 111 115
Gasoline-E85 Flex Large Car 2006 8 .02 .005 15 917 0 2 .0p 448 127 15 1
Fuel Small SUV 2007 11 .02 .00j 15 917 0 2 .0p 410 114 115
Large SUV 2006 10 .02 .005% 15 917 0 2 .0p 448 114 115
Small Pick-up Truck 2006 10 .02 .006 15 917 Qg 2 .02 417 1.16 115
Large Pick-up Truck 2006 10 07 .005 15 917 [0 2 .02 506 1.02 115




Appendix 5.3.4 Consumer Utility Function Vehicle Attribute Coefficients

. . Top . Home . Fuel Fuel
Vehicle Vehicle Fuel Acceler Multifuel B Maintenance | Luggage e e Make/Model
Class Price Cost IREER Sz ation Capability RS Cost Space ANy ANy Availability
d for EVs 1 2
Sub
Compact | -0.00038 -0.1470 -24.5119) .02 -0.154 0.000541 0.02945 -0.000p4 0.075 -0.92879 -10,9861 0J37
Car
Compact o y
Car -0.00035 -0.1470 -24.5119) .02 -0.15 0.000541 0.02945 -0.000p4 0.075 -0.92879 -10,9861 0J37
M"éfr'ze -0.00031 | -0.1470| -245119 .02 -0.154 0.000541 0.02945 -0.000p4 0.075 -0.92879 -10/9861 ol37
Large Car -0.00026 -0.1470 -24.5119 .02 -0.155 0.000541 0.02945 -0.00p94 0]075 -0.92879 -10.9861 .37
Ssﬂf‘/" -0.00053 -0.1470 0 .022] -0.35 0 0 -0.00094) 0.075 -0.92879 -10.9461 0.37
LsaJ%e -0.00037 | -0.1470 0 022 035 0 0 -0.00094) 0.075 -0.92879 -10.9861 0.31
Small -0.92879
Pick-up -0.0005 -0.1470 0 .022 -0.35 0 0 -0.00094 0.07 -10.9861 0.37
Truck
Large -0.92879
Pick-up -0.00039 -0.1470 0 .022] -0.35 0 0 -0.00094] 0.075 -10.9861 0.37
Truck




