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Upstream Emissions for Battery Electric Vehicles in the U.S. Fleet Regulation:
Environmental Implications and Carbon Dioxide Abatement Potential

Abstract

The U.S. Environmental Protection Agency introduced Carbon Dioxide emission standards for
Light-Duty-Vehicles, accounting for emissions associated to electric vehicles for the first time.
This affects the incentives of manufacturers like AUDI to comply with the regulations. The
purpose of this work is to contribute to a better understanding of the environmental implications
of such regulations measured by the estimated total emissions. Therefore, a sensitivity analysis
with respect to the most influential parameters is performed. Further, this work provides an
indication of the real world CO, emission savings potential of the regulatory framework, by

examining different manufacturer’s compliance strategies.
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1 Introduction

Climate Change is among the most important issues humankind is facing. The main drivers of
Climate Change are anthropogenic emissions of Green-House-Gases (GHG). Among these,
Carbon Dioxide (COy) is by far the most significant. After China, the United States of America
are globally the second largest emitter of CO,, responsible for about 16% of total emissions,
which is about is 5556 million metric tons (MMT) of CO, (EPA, 2016a).

The main source of CO, emissions is the combustion of fossil fuels for electricity production and
transportation. Within the U.S. transportation sector, Light-Duty-Vehicles (LDVSs), consisting of
Passenger Cars (PCs) and Light-Duty-Trucks (LDTs), are responsible for about 61% of the GHG

emissions (EPA, 2016a). LDVs represent the main part of the U.S. vehicle market.



In order to reduce CO, emissions and comply with supranational climate agreements like the
Paris agreement, many countries force the introduction of new, more efficient and cleaner
technologies among all affected industries. In the USA, like in most other relevant markets, the
automotive industry has to fulfill ever-tightening efficiency and fuel economy standards.
However, it is becoming increasingly complex and expensive to comply with these standards
with Conventional Vehicles (CVs) that are gasoline or diesel powered. Mainly these regulations,
but also competition and urban mobility, are driving most manufacturers to develop and
introduce more electrified vehicle concepts, such as pure Battery-Electric-Vehicles (BEVS).

Historically, the emission compliance standards in the U.S. have concentrated only on the usage
phase of the vehicles, that is, on tailpipe emissions. From this perspective, BEVs show no CO,
emissions. However, as CO, is a uniformly mixed pollutant it does not make any difference
where emissions occur. Therefore, it is reasonable to take a more global perspective and consider
the emissions that occur in the production process of the energy source as well. For BEVs, this
would imply to include emissions from the electricity production. In this context, the American
Environmental Protection Agency (EPA) has decided to account for Upstream Emissions (UE) in
its current fleet regulation named “2017 and Later Model Year Light-Duty Vehicle Greenhouse
Gas Emission and Corporate Average Fuel Economy Standards” (GHG-2) (EPA, 2012a). After a
phase in period, the regulation is expected to fully affect most major manufacturers by 2025.

The aim of this paper is to study the impact and the environmental potential (with respect to
emission savings) of the U.S. legislation for electric cars in the LDV sector in 2025. The analysis
is based on a fictive example which is representative for a premium vehicle manufacturer like
AUDI. It focuses on CVs and BEVs, as these are predicted to be the main vehicle concepts sold

in 2025. Finally, the results are extrapolated to the whole U.S. vehicle market.



The rest of the work project is structured as follows: Section 3 explains the UE-Section in the
GHG-2 regulation. Section 4 analyzes the impact of four key emission related parameters on the
total emission output by means of a sensitivity analysis. Those four key parameters are the
electricity grid’s Emission Factor (EF), the electric car’s Electricity Consumption (EC), the
Vehicle-Miles-Travelled in the first year of vehicle usage (VMT) and the share of BEVs in a
manufacturers vehicle fleet (BEV-Share). The EF and EC are main parameters in the UE-Section,
whereas the VMT and BEV-Share are used to determine the total emissions. Section 5 estimates
the total CO, saving potential of UE-Section in the regulation and puts it in context to overall
emissions. Section 6 offers conclusions.

The results of the sensitivity analysis indicate that out of the four key parameters the VMT shows
the highest relative impact on emissions. This is because, in contrast to the other factors, it affects
the whole fleet and not only the electrified vehicles. The second largest impact is associated with
the BEV-Share. Obviously, if the BEV-Share increases, the influence of the EF and EC will also
increase. Changes in EF and EC have the same effect on total emissions.

The introduction of the UE-Section in the GHG-2 regulation is increasing the emissions that are
considered by the EPA for compliance. This could lead to a compliance gap. Instruments to
comply with the regulation would reduce the real world CO, emissions. In the case of AUDI
USA, this reduction potential is in the order of 90.000 tons CO, in 2025. Extrapolating this result
to the whole new vehicle market in the U.S. and comparing the results to the total CO, emissions
shows the limitations of the proposed regulation. This is because the UE-Section of the GHG-2
regulation only affects the electric share of the new vehicles sold in one year. Regulations

affecting the whole vehicle stock would most likely be more effective.



2  Literature Review

Many sources provide general information on worldwide and U.S. environmental issues and
global warming. NASA (2016) offers a basic introduction to the topic. Moreover, the EPA, the
International Panel on Climate Change (IPCC), the International Energy Agency (IEA) and
others cover the issue. For the automotive sector in the U.S., the EPA, the National Highway
Traffic Safety Administration (NHTSA) and the California Air Resource Board (CARB) are the
main regulatory drivers in terms of GHG emission reductions.

Knittel (2012) explores the main approaches in order to reduce oil consumption in the
transportation sector. Looking at the effects of increasing fuel economy standards, the increased
use of non-petroleum-based low-carbon fuels, alternatives to the combustion engine and reduced
mileage, he states that the first best policy choice would be putting a price on the externalities,
that is, carbon taxes or cap and trade systems. Knittel (2016) emphasizes this point when he
argues that without a policy that internalizes the external effects of carbon emissions, it is
unlikely that renewable technologies will substitute fossil-fueled alternatives anytime soon. This
is because new technologies will make the extraction of fossil fuels cheaper and economically
reasonable. In 2015, EPA released its Clean Power Plan (CPP) aiming at reducing the GHG
emissions from the electric power sector (EPA, 2015). The CPP is heading in Knittel’s proposed
direction but is delegating planning and implementation to the state level.

The EPA first introduced a concept to account for UE in the USA in its first national greenhouse
gas emission standards in 2010 (GHG-1), which was published jointly with the NHTSA and
covered the Model Years (MY) 2012-2016. As the UE-Section of the GHG-1 was postponed, the
regulation under consideration in this work project is the subsequent GHG-2 regulation (GHG-2),
which covers the MYs 2017-2025 and was published in 2012. EPA established these UE policies

in order to deal with changing emission characteristics and promote the marketing of electrified
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vehicle concepts. Liven (2015) examined the effectiveness of different demand sided incentives
towards electric mobility adoption. Concluding, he advises policymakers to move away from
large cash grants towards more investments in infrastructure such as charging facilities. Liebl et
al. (2014) offer a deeper insight to energy management in the automotive sector in their German-
language technical book “Energiemanagement im Kraftfahrzeug”. They focus on the
optimization of CO, emissions and consumption of conventional and electrified concepts. Their
findings are useful to understand the mechanisms of fleet regulations.

Zivin et al. (2014) contribute tremendously to the understanding of the Emission Factor’. They
examine the geographic and temporal variation in the Emission Factors of power plants, showing
the implications of marginal emissions for electrified vehicles. They find that the environmental
impact of EVs varies tremendously depending on the regional and temporal electricity demand
and supply. The U.S. Energy Information Agency (EIA) forecasts the possible trajectories of
renewable sources of electricity for different economic and regulatory scenarios in its “Annual
Energy Outlook 2016” (EIA, 2016). Asamer et al. (2016) conduct a sensitivity analysis for EC
estimation of electric vehicles. They examine the influence of different vehicle parameters on the
EC of a BEV, finding that the efficiency of the drive train is the most influential factor. Helms et
al. (2010) show the environmental impact of BEVs and Plug in Hybrid Electric Vehicles
(PHEVs). They discuss the electric vehicle’s energy efficiency, the electricity generation for
electric vehicles and the electric vehicle’s life cycle emissions. They conclude that improvements
in the GHG balance highly depend on the energy sources, arguing that EVs have to be charged
with additional renewable electricity to be beneficial.

Relating to the effect of improved fuel economy on the mileage driven, De Borger et al. (2016)

are measuring the rebound effect with micro data from Danish households. Their results suggest a

' The Emission Factor shows the CO, intensity of the electricity production.



rebound effect in the range of 7.5%-10%. This is at the lower end of other research suggestions.
Finally, the International Energy Agency (IEA) shows possible future developments of electric
vehicles worldwide in its “Global EV Outlook 2016 (IEA, 2016). Substantial growth in the

market is forecasted if the major global temperature target of 2 degrees is to be achieved.

3 CO; Emissions in the LDV Sector and the U.S. Fleet Regulation
This section explains the sources of CO, emissions in the LDV sector and provides a brief

description of the regulatory framework introduced by the EPA.

3.1 CO; Emissions in a Vehicle’s Life-Cycle

The Life-Cycle-Analysis (LCA) divides the occurrence of emissions into four phases along a
vehicle’s lifetime: the vehicle production, the production of the vehicles energy source, the usage
phase and the recycling of the vehicle. Figure 1 shows the relative breakdown of CO, emissions
for BEVs and CVs over their life cycle. In the past, regulations on GHG emission standards in
the U.S. only concentrated on the usage phase. For CVs, including traditional gasoline and diesel
powered cars, by far the largest part of the emissions arises in the usage phase. These emissions
are also denoted by Tank-To-Wheel (TTW) emissions. BEVs, on the contrary, have zero
emissions on a TTW basis, but show significant emissions in the production phase of the energy

source. For BEVs, these Well-To-Tank (WTT) emissions or Upstream Emissions (UE) depend
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Figure 1. Life-Cycle-Phases for CVs and BEVs




on the CO; intensity of the electricity production. With the increasing market penetration of
BEVs, the WTT emissions become more relevant. Therefore, the EPA introduced the UE-Section
in the GHG-2 regulation and is now using a Well-To-Wheel (WTW) approach for BEVs. The
vehicle production and recycling phases are still not considered in the regulation. Therefore, this

work focuses on phase two and three of the LCA, namely the TTW and WTT phases.

3.2 Upstream Emissions in the U.S. Fleet Regulation

In Section 111.C.2 of the GHG-2 final rule, the EPA introduces “Incentives for Electric Vehicles”
(EPA, 2012a). The section is divided into two timeframes, one from MY 2017-2021 and the other
from MY 2022-2025.

The aim of EPA’s GHG-2 regulation is to reduce CO, emissions from the LDV sector. Therefore,
the EPA defines target CO, emission values for all LDVs. The manufacturers have to comply
with those targets, on average, for the vehicles they sell in a Model Year (MY). This set of
vehicles is also denoted by the company’s fleet. The CO, targets are based on footprint values,
which are vehicle dependent and defined as the area between the vehicle’s tires. Thus, they are a
measure of vehicle size. The larger the vehicles are in a company’s fleet, on average, the higher is
the target. The specific emission value of a CV is measured on a dynamometer when running a
defined driving cycle under defined frame conditions.

For the MY 2017-2021 timeframe, the EPA offers two incentives for BEVs. The first is an
uncapped 0 gCO,/mi compliance value for BEVs, thus adopting a TTW approach for BEVs. The
second incentive is implementing a multiplicative factor according to which each BEV accounts
for more than one vehicle in the manufacturer’s fleet calculation. This means increasing the

BEVs sales volume artificially and, thereby, decreasing a company’s overall compliance value.



In the MY 2022-2025 timeframe, the multiplier is no longer provided and EPA capped the 0
gCO,/mi compliance value to a production threshold for each company. This threshold is valid
for the whole period of four MYs. If a company’s BEVs sales volume exceeds this threshold, it
has to account for the upstream GHG emissions of the vehicles beyond cap. The analysis in this
work concentrates on the MY 2025 because it is expected that, by then, most manufacturers will
have exceeded their thresholds. Therefore, they would fully have to account for UE. It is
important to note that, within EPA’s Midterm Review, the MY 2022-2025 timeframe is currently
in revision.

Equation 1 below shows the EPA’s calculation approach for Upstream Emissions of BEVS.
CREE stands for “Carbon Related Exhaust Emissions” and represents the BEV’s net upstream
CO, emissions for the compliance calculation. It is the full net increase in the UE relative to the
UE of a comparable conventional gasoline car. Thus, after estimating the total WTT emissions of
a BEV (CREEUP), the WTT emissions of a comparable CV (CREEGAS) are subtracted. The
reason for this net accounting is that the UE of CVs have not been considered in the past (EPA,

2012a). As an attempt to achieve comparability, only the net increase in UE is considered.

2478

CREE = CREEUP — CREEGAS = GRIDLOSS * EF — 3887

* TargetCO,

CREE = Carbon Related Exhaust Emissions (Net increase of WTT emissions relative to comparable CV)
CREEUP= Full BEV Upstream (WTT) emissions

CREEGAS= Upstream (WTT) emissions of comparable CV

EC = vehicle Electricity Consumption [Wh/km]

GRIDLOSS = 0,935, accounts for grid transmission losses

EF = 0,534, EPA defined electricity greenhouse gas Emission Factor at power-plant [g/Wh]

2478 = estimated grams of upstream greenhouse gas emissions per gallon of gasoline (fuel-factor 1)
8887= estimated grams of CO, per gallon of gasoline(fuel-factor 2)

TargetCO, = CO, Target for comparable conventional vehicle for the appropriate model year

Equation 1. EPA’s Upstream Emission calculation approach and explanation of input factors



The estimation approach involves different parameters. While some are defined by the regulator,
such as the Emission Factor, the Gridloss-Factor and the Fuel-Factors, others can be influenced
by the manufacturers, such as the BEV’s Electricity Consumption. The BEV’s EC is measured
accordingly to the emission values of CVs on the dynamometer.

Applying Equation 1 yields significant emission values for BEVs, ranging around 50 gCO,/km
for a midsize PC in 2025. Therefore, the benefit of every single BEV to CO, compliance is lower,
compared to a framework without UE. However, BEVs still tend to have better compliance

values than comparable CVs (about 130 gCO,/km in this case).

4 The Emissions Estimation Model

In this section, the estimation emissions tool developed is presented. The reference case is
defined, and the most important influential parameters are identified. In order to understand the
impacts of the different factors on the real world emissions, a sensitivity analysis is performed on
four key parameters. Two of those resemble different strategies followed by the manufacturers
(BEV-Share and EC). Additionally, the amount of miles travelled per vehicle (VMT), which is
determined by demand, plays also an important role. The last key parameter is the EF.
Summarizing, the aim of this section is to evaluate the impact of the four key parameters (EF,
EC, VMT, BEV-Share) on total emissions based on a fictive AUDI U.S. new vehicle fleet in
2025. The goal for this sensitivity analysis is not target compliance itself, but to understand how
those four parameters affect the overall emissions. Note that all results depend on the frame

conditions of the test cycles. Further, note that all data is provided in metric terms.

4.1 Emission Estimation Tool
An emission estimation tool was developed in Microsoft Excel. Figure 2 gives an overview of the

theoretical concept of the model. The input values are classified in 5 categories: First,



assumptions about the fleet composition of the manufacturer for any specific MY are defined.
Starting with the predicted total sales volume, the fleet is divided into car concepts (PC or LDT)
and technologies (BEV or CV). A predicted PC-Share and the respective BEV-Share are used for

this purpose. The Excel-Tool further

Input Val
s oot PeendLoT distinguishes five vehicle segments

Total Fleet > Segmentation

5. Regulation Parameters

2. Vehicle Parameters [| 3. Emission/Energy [||. g issionFactor (A B.C. D S) each for PCs and

Footprints=> Legal Targets Consumption Values || - Grid-lossFactor
+_Fuel-factors

LDTs. These segments describe

Vehicle based emission values (g/km)

by segments and total

different size and luxury categories.
Fleet based total emissions 2025 in

L They are helpful to make reasonable

by segments and total

Output Values

Figure 2. Model block diagram input assumptions. Predicted segment
shares are used to describe the sales volume for each segment. Second, legal emission targets are
assigned to every vehicle segment. Following the GHG-2 regulation, the targets depend on the
vehicle concept (PC or LDT) and on its specific footprint. Third, information on emission values
and Electricity Consumption is needed. For CVs, forecasted gCO,/km values are used, and for
BEVs, forecasted EC values in Wh/km. As a fourth input, the VMT-values have to be defined.
The fifth input to the tool is information on the regulatory parameters, such as the EF, the grid-
loss factor, among others.

In a first step, the EC values of the BEVs are used to estimate the UE for every vehicle segment.
This is undertaken, by accounting for the subtraction of the CVs Upstream Emissions following
EPA (WTT adjusted or CREE in Equation 1), as well as from Real World point of view (full
WTT, or CREEUP in Equation 1). For CVs, the tool presents TTW and WTT emissions
(calculated as CREEGAS in Equation 1) and the sum of both (WTW). WWT is the real world

approach for CVs, because it accounts for TTW emissions and the WTT emissions based on their

real TTW emissions.
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In a second step, the tool calculates the weighted (by sales volumes) average fleet emission
values. This is done for three different scenarios (cases): “GHG-2 NO UE”, “GHG-2 UE” and
“Real World”. “GHG-2 NO UE” represents a calculation which is only accounting for TTW

emissions for all vehicle

— BEVs CVs

% Emission Values . .

&||lgcox/kml - WIT - WIT adjusted concepts. In the first timeframe of

L1 Equation 1)

N \;\IeightedAverages M / the GHG-2 regUIation, the EPA is
y volumes

ol

(]

| o "** 'GHG-2NO UE = GHG-2UE | RealWorld = using such an approach. “GHG-2
Multipliers X Aggregated sales Volumes UE” describes the case of a

rg_ X average VMT

< - - -

@ o — v . regulation including the UE-
[otalfission OutPUt  GHG-2NOUE  GHG-2UE  Real World

Section as the EPA introduced it

Figure 3. Simplified demonstration of calculation approaches for the three
different scenarios.

for the second timeframe of the
GHG-2 standards. It includes the UE of BEVs, but reduces them by the UE of a comparable CVs
(see Equation 1). This value corresponds to the compliance value for the MY 2025. “Real World”
accounts for all occurring emissions, that is, a full WTW consideration for all vehicle
technologies. Note that these three scenarios are just different ways to account for emissions. Of
course, what matters to the environment are only the real world emissions. Therefore, the
sensitivity analysis in this section is done for the real world emissions.
In a third step, for each vehicle segment the total real world emission output for the whole fleet in
one year can be estimated in tons of CO,. To achieve this, the individual values have to be
multiplied by the respective sales volumes and VMT, and summed across all segments. The
“Real World” total fleet emissions are used as a reference in all sensitivity analysis performed. A

strongly simplified explanation of steps one to three is provided in Figure 3.
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4.2  Key Parameters of Upstream Emission Estimation
The following section identifies the four key parameters which are studied in the sensitivity

analysis. It also presents their reference case values.

4.2.1 Emission Factor (EF)
As seen in Equation 1 in section 3.1, the Emission Factor (EF) is a multiplicative factor in the UE
calculation and provides the carbon intensity of the electricity production in grams of CO, per

consumed watthour electricity (g/Wh).

Coal 0.953 gCO,/Wh Therefore, it depends on the composition of
NaGt:Sral 0.553 gCO,/Wh the power-generation technologies in the

Wind p.012 9C0,/Wh electricity grid. It will be higher for a mainly

coal based electricity mix and lower for an
0 20 40 60 80 100 120

gCO,/km . .
energy-mix relying more on renewable

Figure 4. Upstream Emissions for a sample car for different

electricity sources and Emission Factors . . .
Y sources like wind or solar. Figure 4 shows

the relationship between the EF and the net UE, which are calculated according to Equation 1 for
a sample BEV. The figure depicts the expected positive relation between EF and UE.

The computation of an appropriate estimate of the EF for electric vehicles is complex. Several
aspects have to be considered. Zivin et al. (2014) show that the EF strongly depends on the time
of day of vehicle charging. Due to the changing electricity demand during a day, the composition
of the supplying power plants also changes. If BEVs, as predicted, charge mostly at night, during
off-peak periods, they charge at a different than average EF. Additionally, BEVs are distributed
unequally across the different regions of the country. Therefore, Zivin et al. (2014) also show the
importance of considering regional differences in the EF. Further, there is a distinction between

the average and the marginal approach to the EF. The average EF describes the average CO;
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intensity of the grid; the marginal EF shows the emissions for an extra unit of electricity
consumed. As additional BEVs would consume an extra amount of energy that would otherwise
not be produced, it makes more sense to use a marginal approach.

The EPA’s calculation does account for all these influence factors (EPA, 2012b). The EPA
defines the EF in the GHG-2 regulation as the “average electricity GHG emissions factor for the
additional electricity demand represented by the EVs and PHEVs that EPA projects will be sold
in MY's 2022-2025 and on the road in calendar year 2030 (EPA. 2012a). For the timeframe of
the regulation, the EPA suggests an Emission Factor of 0.534 g/Wh. It is the product of a 0.445
o/Wh power plant EF value and a 1.2 feedstock multiplier, which accounts for the emissions
associated with extraction, processing and transportation of power plant feedstocks (EPA,
2012a).

However, this calculation was done in 2012, before the Obama administration introduced the
Clean Power Plan (CPP). The CPP aims at reducing CO, emissions from existing power plants
by 32% until 2030 relative to 2005 values (EPA, 2015b). EPA acknowledges that this might
significantly decrease the EF. However, for the time being, EPA sticks to the proposed EF of
0.534 g/Wh (EPA, 2016b). In 2016, President Elect Trump announced in his campaign that he
plans to support the coal industry and ensure employment in the sector by canceling
environmental regulations (NYT, 2016). Therefore, also a stagnation of the EF seems possible.
Depending on the implementation of the CPP under President Trump, the EF could either
significantly decrease or stagnate. Because of the increasing competitiveness of renewable energy
sources, an increase in the EF is unlikely.

This work uses EPA’s proposed 0.534g/Wh as reference case value for the EF.
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4.2.2 Electricity Consumption (EC)

The Electricity Consumption (EC) of a BEV can be regarded as the BEV’s equivalent to the
CV’s fuel consumption. In Wh/km it tells, how much electric power is needed on average for a
one-kilometer ride within the EPA testing cycles. It also accounts for the losses within the vehicle
charging process (EPA, 2012a). The EC depends on factors like vehicle size, weight,
aerodynamic drag, rolling friction, technical efficiency and auxiliary power demand.

In order to define realistic reference EC values for BEVs in 2025, the improvement potentials of
different factors relative to current technologies were determined. Asamer et al. (2016) assess the
importance of such factors in order to estimate the Electricity Consumption accurately. They find
that the efficiency of the drive train, the rolling friction and the auxiliary power demand are the
most important parameters for the estimation. Based on these findings, the focus in this work lies
on the efficiency of the drive train components and the rolling friction. The auxiliary power
demand, e.g. for radio or lights, is not represented in the testing cycles and can therefore not be
included. Figure 5 shows the potential improvements in components and powertrain efficiencies
until 2025. The values were gathered in multiple discussions with experts. These improvements

in charging, battery losses, converter, motor and transmission efficiencies could in the best case

Original Improve- = Improved Min- Max. b o o ___ -
EORNIECHY efficiency Total ment efficiency Total Total 200
improv. improv.
176 | |- -~
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Figure 5. BEV Powertrain efficiencies and possible improvements  Figure 6. Effect of drive train efficiency on
until 2025 Electricity Consumption
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result in a total improvement of a BEV’s efficiency factor from 0.66 to 0.82. Assuming constant
vehicle performance (propulsion EC), Figure 6 shows that the total Electricity Consumption of
electric vehicles could be decreased by up to 19.5%, depending on the actual efficiency
improvements. In fact, in the real world the effect would be even higher because battery capacity
and weight could be reduced for constant range. This would lead to a lower propulsion needed.
Besides these efficiency gains, also the tires and their rolling friction are expected to improve.
According to AUDI estimates, a 1%o improvement in a BEV’s rolling friction leads to about
3.5% improvement in its EC on average. Assuming a potential improvement of 1-2%., EC
reductions of 3.5% to 7% seem possible.

In total up to 26,5% EC reduction are feasible in the very best case. The EC values for the
reference case are based on an analysis of today’s BEV’s Electricity Consumptions, and an
adjustment for the best guess of the future development of their efficiency and rolling resistance
of 15%. The values are shown in Table 2 in the reference case section. A decrease of 26.5% in
the EC requires extreme technological efforts and investments. Considering the economic

constraints in the industry, a more conservative forecast of 15% improvement is reasonable.

4.2.3 Vehicle Miles Travelled (VMT)

For the definition of reasonable VMT for the first year of usage, two important assumptions are
considered: first, there is no difference in the drive schedule between BEVs and CVs (EPA,
2016b), and second, there is a difference in drive schedule between PCs and LDTs (EPA, 2016c).
Estimates of the average PC and LDT VMT, dependent on the vehicles age, are provided using
two EPA datasets, one from 2009 and the other from 2012. Further, two different forecasts for
yearly mileage increases were used to extrapolate these values to 2025. The first is 0.6%

following the EPA Technical Support Document from (EPA, 20012c) and the other is 0.92%
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according to the Federal Highway Administration’s nationwide Vehicle Travel Outlook (FHA,
2016). The average of the results yields first year mileage forecast of 25.738 km for PCs, and
28.791 km for LDTs for the year 2025.

Further, the VMT is also influenced by an effect commonly referred to as the rebound effect. It
describes how drivers respond to improved energy-efficiency of their vehicles (De Borger et al.,
2016). It tries to estimate the relation between improved vehicle efficiency and the respective
mileage driven. De Borger et al. (2016) find a rebound effect of 7.5%-10%, working with data
form Danish households. This is a lower bound of other literature suggestions. EPA suggests a
rebound effect of 10% (EPA. 2016c). For a rebound effect of 10%, an increase in a vehicles
efficiency of 20% results in a 2% mileage increase. The 10% rebound value takes into account
historic as well as more recent research and a trend to declining rebound effects with increasing
incomes. For the sensitivity analysis in this work project, the rebound effect is initially set to “0”
to derive the pure impact of EC variations. Subsequently, the rebound effect is set to 10% and
another sensitivity analysis is executed for the EC. Thus, the interdependencies between the

rebound effect and the EC can be examined.

4.2.4 Battery Electric Vehicle Share (BEV-Share)

The last key parameter to be considered in the sensitivity analysis is the degree of electrification
in a manufacturer’s fleet. In this work, the “BEV-Share” refers to the share of fully electrified
vehicles relative to the whole manufacturer’s fleet. PHEVS will not be considered, as they are
predicted to be only bridging technology; they are expected to become obsolete as soon as BEVs
become fully competitive, both economically and performance wise (MT, 2015). In its Global
EV Outlook 2016, the International Energy Agency (IEA) shows the worldwide development of

the EV car stock. In 2015, more than 700.000 BEVs were on the road, surpassing the threshold of
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half a million for the first time ever. Growth in the past years was stunning, showing annually
rates of 84% in 2014 and 77% in 2015 (IEA, 2016). Driven by increasing regulatory
requirements (e.g. CO, emissions or particulate matter) and exceptional technological progress in
the battery technologies, EVs become more and more indispensable for the manufacturers on the
one hand and economically reasonable for the consumers on the other hand. In November 2015
AUDI USA announced “to achieve at least 25% of U.S. sales from electric vehicles by 2025”
(AudiUSA, 2015). Many other manufacturers plan to increase their EV sales dramatically as
well. VW is planning to introduce up to 20 electrified models until 2020 and GM is marketing the
first mass market long range BEV, the Chevrolet Bolt, by the end of 2016 (USAToday, 2016).
For its Model 3, the pure BEV Company Tesla has more than 400.000 preorders in its books (N-
TV, 2016). The rise of electric mobility is likely to continue; however, predictions of the exact
pace vary broadly. Therefore, it seems reasonable to assume a share of BEV sales between 20%
and 40% by 2025 for premium OEMs like AUDI, considering the manufacturer’s announcements
and taking into account the market growth in the recent years. Therefore, a BEV share of 30% is

assumed for the reference case.

4.3 Reference Case

This section presents the reference case. Table 1 summarizes the

_ Emission Fact 0,534 g/Wh

reference case values for the key parameters examined in the | " o0 oo J
Electricity 2025 best guess

sensitivity analysis. Note that EF and EC are inputs to the UE | c°sumption (seeTable 3)
VMT PC: 25.738km

LDT: 28.791km

calculation (Equation 1), while mileage and BEV-Share are used
BEV-Share 30%

- - - - . - - - 2
to estimate the total emissions in the emission estimation tool. Table 1. Reference Case Values for Key

Parameters

? Equation 1 includes a number of additional parameters that are not subject to the sensitivity analysis. As changes
and improvements in the electricity grid are extremely slow and hard to influence, the Gridloss-Factor is assumed
constant. Since the sensitivity analysis focuses on real world total emissions, the TargetCO, in Equation 1 is not
relevant for the analysis.
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INPUT Parameters Segmentation

Concept PC LDT

Segment A B C D S A B C D S
Share 25% 45% 20% 5% 5% 30% 30% 40% 0% 0%
Footprint [Ft2] 43,7 47,6 51,2 545 42,9 456 504 543 565 504
Legal Target [gCO,/km] 86 94 102 108 851 109 120 129 133 120
CV TTW emissions [gCO,/km] 115 130 145 160 180 130 145 165 180 200
2025 BEV EC [Wh/km] 105 130 160 180 215 120 135 170 190 230

Table 2. Segmentation and input parameters

For confidentiality reasons, all values are fictive. However, they are representative for premium
manufacturers like AUDI and reflect reasonable industry expectations. The input parameters are
structured as shown in section 4.1. The first input parameter is the AUDI USA fleet composition
2025. 1t is assumed to have a sales volume of 250.000 vehicles with a PC share of 55%. BEVs
represent 30% of the total fleet. The segment shares for PCs and LDTs are shown in Table 2.
This table also shows the footprint values, legal targets, CV’s TTW emissions and BEV’s
Electricity Consumptions for every segment in the reference case.

Under these assumptions, the total emissions from the “Real World” point of view would be
1.015.676 tons of CO,. This is the amount of total WTW emissions produced by all new vehicles

of the AUDI fleet in 2025. The estimation of was performed as explained in section 4.1.

4.4 Sensitivity Analysis

This section presents the results of the sensitivity analysis for the four key parameters identified
above. It shows the effect on real world emissions in case manufacturers are willing to modify the
fleet characteristics (BEV-Share and EC), or frame conditions change (EF and mileage). The
results consider a range of 10% change for each parameter. Table 3 presents an overview of the
results.

For a 10% change, the VMT has the highest impact. As the total emissions for 2025 depend on

the mileage driven in that year, the VMT enters the model directly and linearly. The VMT affects
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+/- 10% Sensitivity Results the emissions of every car in the fleet,

Absolute values in [Tons of CO,]
Reference: Absolute Difference to Reference regardless Of Whether it iS a BEV or a CV.
1.015.676 Min Max Absolute Relative
Emission ) )
factor 999.380 1.031.973 +/-16.296  +/-160% A 109 change in VMT results in 10%
Electricity 999.380 1.031.972] +/-16.296 +/-1,60%
consumption variation in  real world emissions
EC + Rebound -14.829 -1,46% .
effect 1.000.847 1.030.18Q0 14503  +1.43%
VMT 914.109 1.117.244 +/-101.568 +/-10,00% Therefore, the VMT would be the most
BEV-Share 948.179 1.083.173| +/-67.497 +/-6,65%
powerful of the four parameters to decrease

Table 3. Sensitivity analysis results

overall emissions. However, it is difficult to
induce changes in VMT as the consumers determine them. Vehicle manufacturers have limited
influence on it. Further, if the VMT decreases, this would also affect the whole U.S. vehicle
stock. Therefore, it would have a higher impact on total real world emissions compared to
affecting only the new vehicle registrations. The second most influential key parameter is the
BEV-Share. The reason for the high contribution of the BEV-Share to real world emissions is the
following: Increasing the BEV-Share substitutes CVs for BEVs. From a real world perspective,
i.e., including Upstream Emissions for CVs, BEVs emit about 90-120 gCO,/km less than their
conventional counterparts, depending on the vehicle characteristics. Furthermore, with higher
BEV-Shares improvements in the EC and the EF would affect more vehicles, and thereby have a
greater impact. The BEV-Share is partially in the hands of the manufacturers. While it is subject
to a wide range of constraints, it is the manufacturer’s most influential parameter on real world
emissions in this context. Changes in the electricity grid Emission Factor and changes in the
Electricity Consumption have a relatively small effect on emissions. Both, the EC and the EF
enter Equation 1 in the same way (as direct multiplicative factors) and thereby influence the
model equally. Changes in the EF are in the hands of the electricity producers and the regulator.
When regulators strictly enforce programs to reduce emissions from the electricity-producing

sector, emission reductions associated to the LDV sector and many other electricity-consuming
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industries would follow. If the manufacturers could achieve the same percentage reduction in the
Electricity Consumption of their BEVs, it would have the same effect on total emission for the
LDV sector. However, it would have no effects on other industries. When also accounting for the
rebound effect, results are slightly different. As explained in section 4.2.3, people tend to drive
more when the cars get more efficient, and vice versa. Hence, the effect of the EC is partially
compensated and thus, smaller than the pure EC’s effect. In the real world, under the assumption
of the rebound effect, the effect of the EC on total real world emissions is slightly lower than the
effect of changes in the EF. Thus, the EC is expected to have the smallest real world impact of

the four key parameters that are tested in this sensitivity analysis.

5 CO; Saving Potential of the UE-Section in the GHG-2 Regulation

In this section, the real world emission reduction potential of the UE-Section in the GHG-2
regulation is estimated. These potentials could arise because of different behavior and decisions
of firms in different regulatory scenarios. This section considers two different regulatory
scenarios, “GHG-2 NO UE” and “GHG-2 UE” and compares the difference in total real world
emissions in case a manufacturer complies with his average fleet target in each of these scenarios.
For AUDI this target is predicted to be 106 gCO2/km in 2025. The target does not change within
the scenarios, however, the compliance value of the manufacturer does (because of the
accounting for UE). This section examines different instruments to close the emerging target gap
and evaluates the respective effects on total real world emissions. Table 4 provides an overview
of the steps and instruments.

As seen in first column of Table 4, with the fleet structure form the reference case in 4.3, the
manufacturer would easily comply in the “GHG-2 NO UE” case, as the BEV-Share in the

reference case is higher than needed for compliance. However, for economic reasons, it is
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Reference Case (4.3)

Cases Section 5

GHG-2 NO EU GHG-2 UE GHG-2 UE GHG-2 UE GHG-2 UE
Compliance Measure BEV-Share no adjustments 1. BEV-Share 2. CV's efficiency  |3. BEV's EC decrease
+13,90% +12% -63%
cv BEV Technology (@Y BEV (&) BEV v BEV [aY) BEV [aY) BEV
GHGNOUE: 0 Emissions
140 GHG UE: 51 [gCO,/km] 140 0 140 51 140 51 124 51 140 0

70% 30% BEV/CV-Share 75,5%  24,5%| 755% 24,5%| 61,6% 38,4%| 755% 24,5% 755% @ 24,5%

Average fleet
compliance value
[gCO,/kml

Mozl Tzl 1.052.643 1.052.643 959.287 954.426 971.625

|Emi55i0n5 [tons COI]

Table 4. Structure, compliance and real world total emissions for the scenarios. Fleet target: 106 gCO,/km

GHG-2 NO UE: 98
GHG-2 UE: 113

118

106 =12 g/lkm target gap

106 106 106

1.015.676

assumed that manufacturers will try to exactly achieve their target and not go beyond. The
emission estimation tool shows that a BEV-Share of 24.5% is sufficient to be compliant in the
“GHG-2 NO UE” case (column 3). All other input parameters stay as in the reference case. Total
emissions in this case would be 1.052.643 tons of CO,. This is the new base value for this
exercise, and the outputs of the following scenarios have to be compared to it to see the
regulation’s saving potential.

With this new fleet structure (BEV-Share of 24.5%), the manufacturer would not be compliant in
the “GHG-2 UE” framework (column 4). A target gap of 12 gCO,/km emerges, as the
requirements are higher in the “GHG-2 UE” framework. This is because the positive effect of
BEVs is lower (51 gCO./km instead of 0 gCO,/km, in this example). Therefore, the
manufacturers have to react to achieve compliance within the “GHG-2 UE” framework. Three
independent potential instruments for compliance are analyzed in the last three columns of Table
4: 1.) increasing the BEV-Share, 2.) increasing the CV’s efficiency and 3.) decreasing the BEV’s
EC. For each of these, total real world emissions are calculated and compared to the total real
world emissions from the “GHG-2 NO UE” case. The difference is considered the CO, saving
potential. The results show that total real world reductions because of an increasing BEV-Share

(instrument 1) are about 93.400 tons of CO,, If the company would instead increase in the CV’s



efficiency (instrument 2), the reductions would be about 98.200 tons of CO,. For decreases in the
BEV’s EC (instrument 3), about 81.000 tons of CO, could be saved. Note that for changes in the
CV’s efficiency and the BEV’s EC, the effect on real world emissions is partially compensated
by the rebound effect.

However, manufacturers do not determine the BEV-Share and the other parameters only because
of compliance. There are a many other factors influencing those decisions which are not analyzed
in this study. Further, each of these instruments is too extreme to be very likely on its own.
Especially the EC improvement is way out of the feasible range defined in 4.2.2. In reality,
manufacturers are expected to rather combine the different approaches in order to become
compliant. Assuming a 5% improvement of the CV’s efficiency, and a 5% decrease in the BEVs
EC, the tool estimates a BEV-Share of 31.6% needed for compliance. This more realistic scenario
would lead to reductions in real world fleet emissions of about 93.200 tons of CO,. This is a
reduction potential of 8,85% relative to the emissions from the “GHG-2 NO EU” case.

According to these estimations, the Upstream Emission regulation would lead to emission
reductions in the order of 90.000 tons of CO, for the AUDI new vehicle fleet in 2025, depending
on the instruments used. Under the assumption that AUDI’s fleet composition in 2025 is
representative for the U.S. vehicle market, it is possible to extrapolate the saving potential to the
whole new vehicle market in the U.S. This is done with the help of AUDI’s predicted market
share of 1.61% in 2025. The estimated abatement potential would be 5.738.700 tons of CO,. Note
that an extrapolation by market shares can only provide a rough estimation. It does not account
for the different characteristics of the manufacturers in the U.S. market. In order to understand
the impact of the regulation, it is interesting to see these values in relation to overall U.S.

emissions. Compared to the total emission values of the LDV sector in 2014 of 1060 MMT of
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CO;, (EPA, 2016a), the regulation could lead to a reduction of 0.55%. Relative to the overall CO,

emissions in the USA of 5556 MMT of CO, (EPA, 2016a), the potential would be 0.104%.

6 Conclusion

Introducing the UE-Section in the GHG-2 regulation, the EPA increases the share of real world
WTW emissions that are included in the regulation. Compliance for the automotive industry
becomes more difficult under these conditions. This leads the industry to tackle the CO,
emissions further. These actions do not only help for compliance, but also have real world
emission impacts for the fleet sold in a given MY. Within the context of the UE-Section in the
GHG-2 regulation, the manufacturer’s most influential instrument to decrease real world
emissions is the BEV-Share. Same sized relative changes in the EC have significantly lower
impacts. In other words, relative changes in the EC would have to be a lot higher to achieve the
same emission reductions compared to changes in the BEV-Share. The EF has the exact same
relative impact on real world output as the EC, but it cannot be influenced by the automotive
industry directly. The VMT would also be a powerful tool towards real world emission reduction,
but it is also very difficult to control, as it is in the hands of the consumers.

The marginal effect of the UE-Section in the GHG-2 regulation on total emission output in 2025
as seen in Section 5 is not a surprise. The effect is cursed to be small, as the section is only
affecting a small portion of the new vehicle market, which is roughly 6% of the total vehicle
stock on the road. Further, this analysis is only looking at the year 2025. However, regulations
like the GHG-2 aim at the reductions in the long term, as they show cumulative effects: as the
regulation might drive the manufacturer to increase their electrification share, the benefits could
accumulate year by year and make a significant difference in the long run. An extrapolation of

the results of the mixed approach in Section 5 to the whole vehicle stock of about 240 million
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LDVs in the USA can be a first indicator for real world emission effects in the long run.
Assuming that the whole U.S. vehicle stock had the characteristics of the mixed approach of
Section 5, emission reductions of about 90 million tons of CO, seem plausible. This is a very
rough estimation, but it can give a hint of the greater impact of such a regulation in the long term.
The CO; reductions could be even higher with more renewable sources of electricity being
online. However, in order to reduce CO, emissions from the LDV sector in the short and medium
term, also other instruments should be taken into account. One very effective instrument could be
decreasing overall mileage for the whole vehicle stock. Achieving this, however, is difficult as
the mil