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Plaintiffs,i ndi vi dually and on behalf of al/l ot he
the following based upon the investigation of counsel, a review of scientific papers, and the
investigation of experts, ch includes the testing of siehicles with the wsof a scientifically
accepted PEMs device, and a rigorous and scientifically accepted testing protocol, as described
below:

l. INTRODUCTION

1. This is what the BMW Group promised when selling the po20862013
BMW X5 x Dr i5we 3280&20{1BMW335d diesel vehiclesi Pol | ut i ng BMW
Vehicl adhatr the vehicles fmet,otemits siiBoviWs Esftfa ncd e
Dynami cs0 meant andtLheasts ietnsi sesnigoinnse,s0 Aprod ect t he
we r e rdnmenmtally friendyo and turned nitric oxides fAinto
nitrogen and watervaporand of f ered Ai ncreased power with
e mi s s BMWinsadetthese statememtscausd8MW knew emissions and environmental
mitigations were material to a reasonable purchaser of a diesel vahitéet, BMW knew that
a major reason a typical consumer woploichasea diesel over a gas car is fbe combination
of environmentabenefits reduced emissions and better fuel economy.

2. I n response to this Courtodés order of di
amended the complaint to allege testing of additional representative vehicles, to further allege
that these vehicles are representative for all material purposes of all makes and model years of
the PollutingBMW Vehicles at issue here and to further allege the propriety, accuracy, and
reliabilitprohbhbPkeaEmt 66T 5 as PEWS atgsting.Plendifit Syst e
have also provided detailed information about how the PEMs testingondscted and the

results of the testing in far more detail than before.
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3. Plaintiffs conducted emissions testingfige vehicles that areithin the proposed
class (the e anel one tomparabesghsicas explaired below, the tested
vehicles are representative of the emissions system for the model yearsatnsdue P|1 ai nt i f f .
testing exceeds what BMW performs to obtami r on me nt al Protection Age
approval When applying for a certificate of compliantem EPA BMW usedjust oneX5 and
one 335est vehicle to represent tbatiremodelover the course of the class period

4, Plaintiffs also describe in detail below the scientific basis for using a PEMS
device to measure emissions and the reasons why PEMS results are reliable and used by the EPA
and the California Air Resources Boffsfuther( A CARB
describe the testing process in detalil.

5. When the PollutinddMW Vehicles are not in a test environment, they emit
nitrogen oxide (ANOxO) i n amountTkisdiffenedceat | ev e
demonstrates that the veleiperforms differently in a test environment (on the dynamometer)
than in the real world (PEMS testing), which should not be the case unless the emissions system
has been set up with a device to turn the system off or down duringoddldriving. Plairt i f f s 6
test results and analysis reveal that when Defendants promised that the PBMMihgehicles
were fAcleano and Aenvironmentally friendlyodo a
50 states, 0 they were being untruthful

6. As explained in detail belolB MW6 s representations wer e
to disclose its emissions manipulations, namely that while the vehicles may havefedsssd
and statemissions testing a test environment, software in the vehicles senses when test
conditions are not present, amateriallyreduce or turrs off emissions controls ireal world

driving conditions In contrast tdMWé s pr omi ses, scientidoftheal |y v
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same type used to uncover the VW scamadal by theEPA torecall 500,000 iat Chrysler
Aut omo bi | eechiclds foFe®i8sions issues, has revealed th&dheting BMW
Vehiclesemit levels ofNOx many times higher than (heir gasoline counterparts; (What a
reasonable consumer would expect; (ii) what BMW had advertisedh@®PAO s and cert ai
stat esd maxi mthetevelstset fordheahides o oltain a certificate of
compliance, which allows them to be sold in the United States$ (vi)what gas powered
comparabld8 MW6 s p rFarther,¢hePolluting BMW Ve h i oplomised power, fuel
economyand efficiencyareobtained only byurning off or turning down emission controls
when the software in these vehicles senses that they are not in an emissions testing environment.

7. In the last two years, there have been major sé¢auindalving diesel vehicles
made by all of the leading diesel manufacturers, including Volkswagen, Audi, Pdgddhe,
Mercedes, and Fiat Chrysler Automobiles (FCA). Volkswagen pled guilty to criminal violations
of the Clean Air Act, Mercedes is under istigation by the Department of JustieedEPA has
suedFCA for violating the Clean Air Act for improper emissiongéms of thousands of 20il4
2016 Dodge Ram 1500 and Jeep Grand Cherokee EcoDiesels. General Motors is the subject of a
lawsuitwith asustainedacketeering clainesoncerning the emissions in its Silverado and Sierra
trucks. The diesel vehicles made by alidb manufacturers all have a common flainey evade
emissions standards with the help of certain software (all made by Bosch) that turns off or turns
down emission controls when the vehicles sense that they are not in a test environment.

8. BMW is no different than the above ment
top selling diesel vehicles often emit far more pollution on the road than in the emissions
certification testing environmersind more than comparable gas BMWs fact, BMW knew

that a major reason a typical consumer would purchase a deseleover a gayvehicleis for
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environmental reasongeduced emissions, and better fuel econorhgse vehicles exceed

feder al and state emissi ocestwandatds namdaod wamp lh
controls when each vehicle senses that it is not in the certification test cycle. As used herein, a
defeat device means an auxiliary emission control device that reduces the effectiveness of the
emission control system undawnditions which may reasonably be expected to be encountered

in normal vehicle operation and use. In modern vehicles with electronic engine controls, defeat
devices are al most always activated by ill ega
(ECM)0 the computer that controls the operation of the engine and emission control devices.

9. How and why did all of these manufacturers cheat? Diesel engines pose a difficult
challenge to the environment because they have an inler@abff between power, fuel
efficiency, and emissions. Compared to gasoline engines, diesel engines generally produce
greater torque, lovend power, better drivability, and much higher fuel efficiency. But these
benefits come at the cost of much diraed more harmful emissions.

10.  One byproduct of diesel combustion is NOx, which generally describes two
primary compounds comprised of nitrogen and oxygen atoms, nitric oxide, and nitrogen dioxide.
These compounds are formed in tyneer of the engine during the higlemperature
combustion process. NOx pollution contributes to nitrogen dioxide, particulate matter in the air,
and reacts with sunlight in the atmosphere to form ozone. Exposure to these pollutants has been
linked with serious health dangers, including serious respiratory illnesses and premature death
due to respiratoryelated or cardiovasculaelated effects. The U.S. government, through the
EPA, has passed and enforced laws designed to protect U.S. citizens fremtd@hxeand certain
other chemicals and agents known to cause disease in humans. NO2, which is the pollutant that

NOX is converted to in the atmosphere, is one of the seven criteria pollutants that the Clean Air
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Act est ab | -spehdepsliutants thavere considered harmful to the public and
environment. 0 The National Ambient Air Qualit
clean air regulations designed to protect human health and the environment from criteria
pollutants, regulate these cri@pollutants. Regulation of NOx from diesel engines is one way
that the EPA controls ambient concentrations of this harmful pollutant.

11. The Energy Independence and Security Act (EISA) of 2007 mandated a 40%
increase in fuel econonyy 2020. Tougher fuel economy standards were set to start for model
year 2011 vehicles. Likewise, in Europe new stricter standards were also looming. Automobile
manufacturers began planning to meet these standards. Auto manufacturers saw that the stricter
standards could be met through electric, hylmidliesel vehiclesand saw a market for tens of
millions of cars that could be marketed as vehicles that met the new standards. In response to this
enormous market, almost all of the major automobilensacuft ur er s rushed to de
diesel 06 vehicles and pr ofewitoenkentalyhfresdgand ew di es e
ficlekeaen0 Bosch hel ped coin and mar ket the phrase i
All of these manufacturessomarketed diesel vehicles as having better fuel economy than their
gasoline counterparts. BMW, Volkswagen, Mercedes, Audi, General Matuts$;CAalso
began marketing diesel cars and trucks as mor
also as a environmentally friendly alternative to gasoline vehicles. And the marketing worked,
as over two million diesel vehicles were purchased between 2007 and 2016 in the United States
and over ten million in Europe.

12.  The green bubbleith respect to diesel vehicles began to burst on SeptetBber
2015, when the EPA issued a Notice of Violat.i

Vol kswagen Group of America, Audi AG, and Vol
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d e v i ic 20892015 Volkswagen and Audi diesethiclesequipped with 2 diter diesel
engines. Adefeat deviceas defined by the EPA, is any apparatus that unduly reduces the
effectiveness of emission contsylstems under conditions a vehicle may reasonabdyxbected
to experience on the road. The EPA found that the Volkswagen/Audi defeat devices allowed the
vehicles to pass emissions testing, while in the real world these vehicles polluted far in excess of
emissions standardSARB also announced that it hadtiated an enforcement investigation of
Volkswagen pertaining to the vehicles at issue in the First NOV.

13. On Septembe22, 2015, Volkswagen announced thaiiillion dieselvehicles
worldwide were installed with the same deféavice software that had evaded emissions testing
by U.S. regulators. Volkswagen pled guilty to criminal charges, paid billions in éindssettled
civil class actions for over ten billion dollars.

14. Vol ks wagen oweosgovetnmentlagences began to reveal that many
manufacturers, both in the United States and in Europe, had produced dozens of models that
were exceeding emissions standards. On Decetnber 2016, certain of Pl ai.
case, based on the sauype of expert testing and investigation conducted in this case, filed a
class action alleging that FCAG6s Dodge Ram an
exceeding emissions standards and producing emissions beyond that a reasonable consumer
wouldexpet t o be produced byl2RET7 esenvakylcanforhingthe On
work of Plaintiffsd counsel and expert testin
because it had cheated on its emissions certififatets Dodge Ram and Je€rand Cherokee

EcoDiesel vehicles. And on May 23, 2017, the United States filed a civil suit in the Eastern

! Nathan BomeyYolkswagen Emission Scandal Widens: 11 Million Cars Polluti@A
ToDAY (Sept.22, 2015) http://www.usatoday.coratory/money/cas/2015/09/22/volkswagen
emissionsscandal/72605874/
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District of Michigan against FCA alleging violations of the Clean Air Adti(ed States v. FCA
US LLG No. 17cv-11633(E.D. Mich.). Many of thedefeat devices listed in the Notice of
Violation were identif i edEPRyosdeInddnuaty POLFGAO coun
agreed to pay a fine of $300 million and to settle a consumer class action fon#iz80 In
Europe, watchdog groupdGOs, and government agencies have cited virtually every
manufacturer, including BMW, for violating the lower Europeamssionstandards.
15. To appeal to environmentalgmissiongonscious consuens, compete with rival
and topselling vehicles sold by Volkswagen and Audi, and to comply with new emissions
regulations that became effective in 20B)W mar ket ed its diesel vehicl
emi ssions, 0 and fAcleano diesel technology cou
16. Pl ai n troatlHEMSt eosnt i ng has confirmed that BNM
produce NOx emissions in an amount demonstrat
vehicles that @fAmeet BMWhas progmmmes theavehiclessdthabina r at h
wide range of common driving conditions, the emissions systems are powered down, producing
NOXx far in excess of emissions standaedsl in excess of comparable BMW gas vehicles
Reasonable consunmsawrould not expect their BMW diesel vehicle to spew unmitigated NOXx in
this fashion while driving in the city or on the highway, nor waelasonable consunssxpect
that fuel economy was achieved in part by turning off or derating the emission systems; nor
would reasonable consurs@&xped that if the emissions were ppomisel, the advertised fuel
economy and performance could not be achieved.
17.  Five dieselpowered BMWs were tested to measure their emissions performance
for comparison with certification testing and certification standards.o@d, reaworld

emissions were measured with a PEMS. Laboratory emissions were mlesitiui@Code of

01073311/1053639%/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 20 of 459 PagelD: 2827

Feder al R €ER0 fomplianbchassis @dyinamometer runningdpelicable city driving
test, and highwagertification cycles, two of the main cycles useaertify the vehicles with
CARB and EPA. In addition, eroad testing was also performed on an equivalent gasoline
vehiclefor comparison with the diesel vehicles.

18.  The diesel vehicles were found to have a defeat device tregaudramatic
increase in NOx emissions when operating at ambient temperatures less than 68°F, which
happens to be the lower allowable laboratory temperature limit for the certification test cycles.
At low ambient temperatures, NOx levels are as high3&52ng/mile, or 34 times the standard.
The increases in NOx are the result of software algorithms designed to intentionally reduce or
disable the performance of tk&haust Gas Recirculatigni E G Bnal Belective Catalyst
Reduction( fi S Cdysbens as th@mbient temperature decreases. The low pressure EGR
system is completely disabled at temperatures below 50°F. The high pressure EGR system is
completely disabled at temperatures below 10°F. At all temperatures below 68°F, the
performance of the SCR systésreduced compared to the performance observed in the
certification temperature window. By comparison, testing of the gasoline powered BMW
showed NOx emissions to be at or well below the standard across the same ambient temperature
range, suggesting nemperature adjustments in the control algorithbsabling of the BR
andSCR is only possible through coding of the software that was jointly developed by Mercedes
and Bosch.

19. In city driving conditions, NOx emission resufts the diesel vehicles are 1.4 to
7.5 times the 50 mg/mile emission standard folRleed e r a | TestFTRMxo)Thedur e 75
FTP-75 certification cycle is designed to reflect emissions in city driving conditions. Maximum

emissions for city driving contions range from 454 mg/mile to 3,664 mg/mile, or 9 to 73 times
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the standard. Furthermore, emission results on the road were found to beeméle results
found on the chassis dynamometer for the same conditions for all five diesel vehieteadOn
testing using thé&TP certification test cycle indicates the diesel vehicles can detect that they are
being driven on theertification test cycle. By contrast, the gasoline BMW was found to meet
the emission standard over a wide range of city condjtaemaonstrating that is possible to
achieve the laboratory certification standard performance during real werthdrdrivingif a
manufacturer chooses to da so

20. In highway driving conditions, NOx emission results for fofithe five diesel
vehicles are 1.3 to 3.4 times the 70 mg/mile emission standard fdigheay Fuel Economy
Test( HAWFETO ,)the cycle used to simulate highway driving conditions for certification. Only
one of the five diesel vehicles met the highwand#ad in orroad testing. Maximum emissions
for highway driving conditions range from 269 mg/mile to 2,365 mg/mile, or 3.8 to 34 times the
standard. For all five diesel vehicles;-mad emissions were found to figbstantiallyhigher
compared to laboratgichassis dynamometer testing when operating in the same conditions. The
gasoline powered BMW was found to meet the HWFET standard over a wide range of operating
conditions; in fact, NOx emissiofier the gas vehiclavere well under the standard across all
operating conditions tested. All five diesel powered vehicles showed a very high sensitivity to
road grade, with NOx emissions more than double the standard at road grades as low as 1.0%.
The gasoline powered BMW wdound to be insensitive to road grade, with NOx emissions
below the standard even with gradé®ve3.0%.

21.  Finally, all five diesel vehicles were found to have active diesel particulate filter
(DPF) regeneration rates higher thiha levels submitted in the applications for certification. As

a result, there is a significant increase in NOx and a loss in overall fuel economy. For the X5
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diesels, the overall increase in NOx as a result of active regeneration is some 4.5 to 11 times
higher than the levels indicated by the certification application; for the 335 diesels, the increase
in NOx as a result of active regeneration is some 2.5 to 4 times higher than the value indicated in
the application for certification.

22.  All five BMW diesels use a diesel particulate filter (DPF) to control diesel
particulate matter (soot, or PM) emissions. In normal operation, these DPFs burn off trapped PM
using passive oxidation, a catalytic process that occurs at normal diesesetemperatures.

However, if the passive regeneration performance is insufficient to remove collected PM, the
engine must rely on a process called fAactive
engine heats the exhaust to a temperature of ajppaitely 600°C to remove the collected PM

without the need for a catalyst. These events are generally undesirable because they increase fuel
consumption and result in very high tailpipe NOx emissions. By design, active regenerations are
supposed to be infgeient events because of their emissions and fuel economy impacts.

Regulators account for the increase in overall NOx attributed to active regeneration using an
Infrequent Regeneration Adjustment Factor (IRAF), often callddmmard Adjustment Factor

(UAF), and his active regeneratiois far in excess of the permissible frequency.

23. BMW promoted these vehicles &dswetegvi ng i
active regeneration materially impacts fuel economy, up to 17.9% to 36% in city driving for the
X56s and 25% t o 30 Detetdantsrknet of gridilecty disdlase this n g .
impact on fuel economy.

24.  Thus, he findings of the PEMS testing is summarized as follows: The BMW
diesels demonstrate deliberate adjustments of emissions controls and a resulting increase in NOx

emissions under conditions of low ambient temperature, mild to moderate road grades, and in

-10-
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general operation outside the conditions of the testing laboratory. These behaviors indicate the
presence of defeatdevicesmd ar e i nconsi stent bettertfontheve hi cl es
envi r on me,mand emissiomrsicanalianthe diesels also denstrate diesel particulate

filter regeneration frequencies that are significantly greater than those reported in the

certification documents and allowed by law. This increased regeneration frequency contributes to
yet more excess NOx emissions as welimicrease in fuel consumptiorhere was no

disclosure to consumers of the frequency of active regeneration or its effect on fuel performance.
Unlike the diesel BMWs, testing of an analogous gasqim&ered BMW showed it is possible

to achieve emissits performance at or below the standards over a wide range-ofaral

driving conditions.

25. BMW did not act alone. At the heart of the diesel scandal in the United States and
Europe are Robert Bosch GmbH (ABosch GmbHO) a
(sometimes referred together as ABoscho). I n
manufacturersthe Bosch entities saw a huge market for diesel vehicles in Europe and the United
States. Bosch became a critical player in the diesel market in its role as a supplier of emissions
software for almost all diesel car manufacturers. Bosch GmbH and Bb€ctvére active and
knowing participants in the scheme to evade U.S. emissions requirements. Bosch GmbH and
Bosch LLC developed, manufactured, and tested the electronic diesel control (EDC) that allowed
BMW (and Ford, GM, VolkswagerMercedesand FCA)to implement defeat devices. The
BoschEDC-17i s a perfect enabler for the used fnAdef e
detect conditions when emission controls can be manipdldted conditions outside of the
emissions test cycle. Almost all of thehicles found or alleged to have been manipulating

emissions in the United States (including vehicles by Mercedes, FCA, Volkswagen, Audi,

-11-
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Porsche, and General Motors) use a B&oKk-17 device. As part of its efforts to falsely

promote ficl elpans dd emerhh e&r Bmofsct he fADi esel Technc
dozens of statements to the public and regul a
knowing all of its diesel manufacturing clien

26.  Plaintiffs bring this action individually and on behalf of all other current and
former owners or lessees of the Polluting BMW Vehicles. Plaintiffs seek damages, injunctive
relief, and equitable relief fd e f e n dnsaoridgcbrelatedtthe design, manufacture,
marketing, sale, and lease of the Polluting BMW Vehicles, as alleged in this Complaint.

Il. JURISDICTION

27.  This Court has subject matter jurisdiction over this action under 28 U.33318
because Plaintiffsd cl|l ai ms 192.The €Eouttalsdleas t he RI
diversity jurisdiction because Plaintiffs and Defendants reside in different. sStaee€ourt has
suppl emental jurisdiction over B6raintiffso st

28.  This Court also has original jurisdiction over this lawsuit pursuant to 28 U.S.C.
§1332(a)(1), as modified by the Class ActiairRess Act of 2005, because Plaintiffs and
Defendants are citizens of different states; there are more than 100 members of the Class (as
defined herein); the aggregate amount 1in cont
fees, interest, andsts; and Class members reside across the United States. The citizenship of
each party iIis described further below in the

29.  This Court has personal jurisdiction over each Defendant pursuant to 18 U.S.C.
§1965(b) &(d). This Court has personal jurisdiction over Defendants because they have
minimum contacts with the United States, this judicial district, and this State, and they
intentionally availed themselves of the lagighe United States and thisag by condating a
substantial amant of business throughout thaa&, including the design, manufacture,

-12-
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distribution, testing, sale, lease, and/or warranty of BMW vehicles in this State and District. At

|l east in part because of thsldwsuit, tha Potluin@MWi s condu
VehiclesendeduponthisSat edés roads and in dozens of fran
[l VENUE

30.  Venue is proper in this Court under 28 U.S.@381 because (Defendants
conduct substantial business instBiistrict and have intentionally availed themselves of the laws
and markets of the United States and this District; and/anéi)y of the acts and transactions
giving rise to this action occurred in this District, includimger alia, B MWG6s pr omoti on
marketing, distribution, and sale of the Polluting BMW Vehicles in this District. Defendant
BMW sells a substantial number of automobiles in this District, has dealerships located
throughout this District, and the misconduct occurred in part in thisid@isfenue is also proper
under 18 U.S.C. 8965(a) because Defendants are subject to personal jurisdiction in this
District, as alleged in the preceding paragraph, and Defendants have agents located in this
District.

V. PARTIES

A. Plaintiffs

1. Alabama Plaintiffs

a. Joshua Hu

3. Pl aintiff Joshua Hu (for the purpose of
residing in Vestavia Hills, Alabama. On or around April 13, 2014, Mr. Hu purchased a used
2011 BMW 335d from Benton Nissan of Bessemer in Bessemer, Alabama. Mr. Hu paid
approximately $31,000 for the vehicle and paid a diesel premium of at least $1500. Mr. Hu
purchased and still owns this vehicle. Unknown to him at the time the vehicle was purchased, the

vehicle only achieved its promised fuel economy and performancedaeitavas equipped with

-13-
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an emissions system that, during normal driving conditions, exceeded the allowed level of

poll utants such as NOx. BMWb6s wunfair, unlawfu
manufacturing, marketing, selling, and leasing the vellgout proper emission controls has

caused Mr. Hu oubf-pocket loss in the form of overpayment at the time of purchase of at least
$1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission controls
during normal driving conditins, but did not disclose such facts or their effects to Mr. Hu, so

Mr . Hu purchased his vehicle on the reasonabl
diesel 06 and/ or a Al ow emi ssion dieselyo compl
EPA-certified, and would retain all of its promised fuel economy and performance throughout its
useful life. Mr. Hu selected and ultimately purchased his vehicle, in part, because of the diesel
system, as represented through advertisements and repiessntaade by BMW. Mr. Hu

recalls that before he purchased the vehicle,
representations from the dealership touting the efficiency, fuel economy, and power and
performance of the engine. Had BMW or Bosch ldised this design or the fact that the vehicle

actually emitted unlawfully high levels of pollutants, Mr. Hu would not have purchased the

vehicle or would have paid less for it. Mr. Hu and each Class member has suffered an
ascertainable lossas aresulBoMW6 s omi ssi ons and/ or misrepr ese
operation of a RICO enterprise associated with the BMW diesel engine system, including but not
limited to a high premium for the BMW 335d engine compared to what they would have paid for

a gaspoweaed engine, oubf-pocket losses by overpaying for the vehicles at the time of
purchaseNeither BMW norany of its agents, dealers, or other representatives, or Bosch

informed Mr. Hu or Class members of the existence of the unlawfully high emissions and/or

defective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

-14-
01073311/1053639/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 27 of 459 PagelD: 2834

b. Charles Roges

32. Plaintiff Charles Rogers (for the purpo
individual residing in Deatsville, Alabama. On or around June 17, 2016, Mr. Rogers purchased a
used 2013 BMW X5 Diesel from CarMax of BirminghamBmmingham, Alabama. Mr. Rogers
paid approximately $42,333 for the vehicle and paid a diesel premium of at least $1500. Mr.

Rogers purchased and still owns this vehicle. Unknown to him at the time the vehicle was

purchased, the vehicle only achieved itgmpised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditions, exceeded the allowed

|l evel of pollutants such as NOx. BMWGO&s unfair
manufacturing, rarketing, selling, and leasing the vehicle without proper emission controls has

caused Mr. Rogers cuff-pocket loss in the form of overpayment at the time of purchase of at

least $1500. BMW and Bosch knew about, or recklessly disregarded, the inadetjasiene

controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Rogers, so Mr. Rogers purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a fAcl ean di eoelc®dmpnid/ear wa tfhl dw Sem
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Rogers selected and ultimately purchased his vehicle,

in part, because of the diesesgym, as represented through advertisements and representations

made by BMW. Mr. Rogers recalls that before he purchased the vehicle, he reviewed
advertisements on BMWO6s website and represent
efficiency, fuel economyand power and performance of the engine. Had BMW or Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Rogers would not have purchased the vehicle or would have paid less for it. Mr.
Rogersad each Class member has suffered an ascer

-15-
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omi ssions and/ or misrepresentations and Def en
with the BMW diesel engine system, including but not limited to a high premiumdd@NV

X5 Diesel engine compared to what they would have paid for-amasred engine, ouif-

pocket losses by overpaying for the vehicles at the time of purdieiseer BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Mr. Rogers or Class members of the
existence of the unlawfully high emissions and/or defective nature dfd@kel engine system of

the Polluting Vehicles prior to purchase.

2. Arizona Plaintiff
a. Rickey Evans

33. Pl aintiff Rickey Evans (for tdne purpose
individual residing in Queen Creek, Arizona. On or asbiarch 18, 2017, MEvans
purchased a used 2011 BMW 335d from Chapman BMW in Chandler, Arizona. Mr.{g&dns
approximately $18,829.06 for the vehicle and paid a diesel premium of at least $1r500.
Evans purchased and still owns this vehicle. Unkntmnmim at the time the vehicleas
purchased, the vehicle only achieved its promised fuel economy and performance because it
wasequipped with an emissions system that, during normal driving conditions, exceeded the
allowed level of pollutants suchas NOx BMWé6s wunfair, unlawful, and
designingmanufacturing, marketing, selling, and leasing the vehicle without proper emission
controlshas caused Mr. Evans enft-pocket loss in the form of overpayment at the time of
purchase oéit leas$150Q and based upoexpert work inother diesel caseexpert analysim
this caseawill show overpayment in excess of $5,08MW and Bosch knew about, or
recklessly disregarded, the inadequatession controls during normal driving conditions, but
did not disclose such facts or their effectdito Evans, so Mr. Evans purchased his vehicle on
the reasonable but mistaken beliefthavhsh i cl e was a fAcl ean diesel 0
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di esel , 0 compl i esthndardstwas ptdpeBy. ERxertified saad wouldgetain

all of its promised fuel economy apdrformancehroughout its useful life. Mr. Evans selected

and ultimately purchased his vehiclepart, because of the diesel system, as represented

through advertisements and represeotatimadédy BMW. Mr. Evans recalls that before he

purchased the vehicle, he reviewed advertiseneents BMW6 s website and repr
the dealership touting the efficiency, feelbnomy, and power and performance of the engine.

Had BMW or Bosch didosed this design or tiiact that the vehicle actually emitted

unlawfully high levels of pollutants, Mr. Evans would hate purchased the vehicle or would

have paid less for it. Mr. Evans and each Class mehassuffered an ascertainable loss as a

result of BMWO66s omi ssioansndabdfendmnssépopsent at
enterprise associated with the BMW diesel engiystem, including but not limited to a high

premium for the BMW 335d engine compared to vthay would have paid for aagpowered

engine, oubf-pocket losses by overpaying for the vehiagbe time of purchaseNeither

BMW nor any of its agents, dealers, or other representatives, or Bosch informed Mr. Evans or

Class members of the existence of the unlawfully high emissions and/or defective nature of the

diesel engine system of the Polluting Vehicles prignuichase.

3. California Plaintiff s
a. Brian Beckner

3. Plaintiff Brian Beckner (for f@he purpos
individual residing in Huntington Beach, California. On or around November 20, RID17,
Beckner purchasedused 2010 BMW X5d through a private sale. Mr. Beclraea
approximately $13,250.00 for the vehicle and paid a diesel premium of at least $4500.
Beckner purchased and still owns this vehicle. Unknown to him at the time the vedscle
purchased, theehicle only achieved its promised fuel economy and performance becaase it
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equipped with an emissions system that, during normal driving conditions, exceedialtbd

|l evel of pollutants such as NOx. Bdddgaisyg, unf air
manufacturing, marketing, selling, and leasing the vehicle without proper emission duawsrols

caused Mr. Beckner owif-pocket loss in the form of overpayment at the time of purchaste of

least $1500and based upon other diesel casgpet analysisn this casawill show

overpayment in excess of $5,0@BMW and Bosch knew about, or recklessly disregarded, the
inadequatemission controls during normal driving conditions, but did not disclose such facts or

their effects toMr. Beckner, so M Beckner purchased his vehicle on the reasonable but

mistaken beliefthdti s vehi cl e was a ficlean diesel o and/
with U.S.emissions standards, was properly E¢®4tified, and would retain all of its promised

fuel econamnyand performance throughout its useful life. Mr. Beckner selected and ultimately
purchasedhis vehicle, in part, because of the diesel system, as represented through
advertisementand representations made by BMW. Mr. Beckner recalls that before hagenich

the vehiclehe r evi ewed adverti sements on BMWO6s websi
dealership toutinthe efficiency, fuel economy, and power and performance of the engine. Had

BMW or Bosch disclosed this design or the fact that the vehicle actraitted unlawfully high

levelsof pollutants, Mr. Beckner would not have purchased the vehicle or would have paid less

for it. Mr. Beckner and each Class member has suffered an ascertainable loss as a result of
BMW6s omi ssions andrndrDefi smepnmtes@® nd md ri atnisorm o f
associateavith the BMW diesel engine system, including but not limited to a high premium for
theBMW 335d engine compared to what they would have paid for-p@asred engingut-of-
pocketlosses byverpaying for the vehicles at the time of purchaksther BMW nor any of its

agents, dealers, or oth@presentatives, @osch informed Mr. Beckner or Class members of the
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existence of the unlawfully higkmissions and/or defective nature of the diesel engine system of
the Polluting Vehicles prior fourchase.

b. Chad Maccanelli

35, Plaintiff Chad Maccanel |l (for the purpo:
individual residing in Winnetka, California. On or around May 20, 2015, Mr. Maccanelli
purchased a used 2011 BMW 335d from VW of Puente Hills in Puente Hills, California. Mr.
Maccanelli paid approximately $23,500 for the vehicle and paid a diesel preshatrfeast
$1500 Mr. Maccanelli purchased and still owns this vehicle. Unknown to him at the time the
vehicle was purchased, the vehicle only achieved its promised fuel egamoinperformance
because it was equipped with an emissions system that, during normal driving conditions,
exceeded the all owed | evel of pollutants such
conduct in designing, manufacturing, marketing, sellamgl leasing the vehicle without proper
emission controls has caused Mr. Maccanellafybocket loss in the form of overpayment at
the time of purchase of at least $1580d based upon othexpert analysis idiesel cases
expert analysig this casewill show overpayment in excess of $5,0BMW and Bosctknew
about, or recklessly disregarded, the inadequate emission controls during normal driving
conditions, but did not disclose such facts or their effects to Mr. Maccanelli, so Mr. Maccanelli
purchaed hi s vehicle on the reasonabl e but mista
and/ or a Al ow emission diesel, 0 compl-ied with
certified, and would retain all of its promised fuel economy and perforntarmeghout its
useful life. Mr. Maccanelli selected and ultimately purchased his vehicle, in part, because of the
diesel system, as represented through advertisements and representations made by BMW. Mr.
Maccanelli recalls that before he purchasedthe veh e, he revi ewed advert:i
website and representations from the dealership touting the efficiency, fuel economy, and power
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and performance of the engine. Had BMWBoschdisclosed this design or the fact that the

vehicle actually emitted uawfully high levels of pollutants, Mr. Maccanelli would not have

purchased the vehicle or would have paid less for it. Mr. Maccanelli and each Class member has
suffered an ascertainable | oss as a result of
Defendant sé6 operation of a RI Cdesdenginesygiemj se asso
including but not limited to a high premium for the BMW 335d engine compared to what they

would have paid for a ggsowered engine, owdf-pocket losses by overpaying fibie vehicles at

the time of purchas@&leither BMW nor any of its agents, dealers, or other represesgativ
Boschinformed Mr. Maccanelli or Class members of the existence of the unlawfully high

emissions and/or defective nature of the diesel engine system of the Polluting Vehicles prior to
purchase.

C. Ellis Goldfrit

36. PlaintiffEl | i s Goldfrit (for the purpose of t
individual residing in Santa Cruz, California. On or around October 19, 2011, Mr. Goldfrit
purchased a new 2011 BMW 335d from Stevens Creek BMW, an authorized BMW dealership in
San JoseCalifornia. Mr. Goldfrit paid approximately $46,624 for the vehicle and paid a diesel
premiumof at least $1500Mr. Goldfrit purchased and still owns this vehicle. Unknown to him
at the time the vehicle was purchased, the vehicle only achieved itspdofuel economy and
performance because it was equipped with an emissions system that, during normal driving
conditions, exceeded the allowed | evel of pol
deceptive conduct in designing, manufacturing, mtargeselling, and leasing the vehicle
without proper emission controls has caused Mr. Goldfri#odyttocket loss in the form of
overpayment at the time of purchase of at least §1&td based upon analysis of similar cases
overpayment damages will exce$10,000 at the time of expert disclosusIW and Bosch
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knew about, or recklessly disregarded, the inadequate emission controls during normal driving
conditions, but did not disclose such facts or their effects to Mr. Goldfrit, so Mr. Goldfrit

purchasethi s vehicle on the reasonable but mistake
and/ or a fAilow emission diesel, 0 compl-ied with
certified, and would retain all of its promised fuel economy and performarmaghout its

useful life. Mr. Goldfrit selected and ultimately purchased his vehicle, in part, because of the

diesel system, as represented through advertisements and representations made by BMW. Mr.
Goldfrit recalls that before he purchased the vehitle, r evi ewed adverti semen
website and representations from the dealership touting the efficiency, fuel economy, and power

and performance of the engine. Had BMWBoschdisclosed this design or the fact that the

vehicle actually emitted unlawiylhigh levels of pollutants, Mr. Goldfrit would not have

purchased the vehicle or would have paid less for it. Mr. Goldfrit and each Class member has
suffered an ascertainable | oss as a result of
De f e n dpematiorsoba RICO enterprise associated with the BM&gelengine system,

including but not limited to a high premium for the BMW 335d engine compared to what they

would have paid for a ggsowered engine, owudf-pocket losses by overpaying for the védscat

the time of purchas@&leither BMW nor any of its agents, dealers, or other representatives
Boschinformed Mr. Goldfrit or Class members of the existence of the unlawfully high emissions
and/or defective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

d. Werner Rogmans

37. Plaintiff Werner Rogman§ f or t he purpose of anhis par:
individual residing in East Palo Alto, California. On or around September 27, K017,
Rogmans purchased a used 2011 BMW X5 Diesel from M Sport Motors, locatdrnint
Creek, California. Mr. Rogmarmid approximately $19,367 for the vehicle and paldkael
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premium of at least $1500. Mr. Rogmans purchased and still owns this vehicle. Unkinimun to

at the time the vehicle was purchased, the vehicle only achieved its promised fuel eendomy
perfomance because it was equipped with an emissions system that, duringdrosimgl
conditions, exceeded the all owed | evebndof pol
deceptive conduct in designing, manufacturing, marketing, selling, and |¢asugiicle

without proper emission controls has caused Mr. Rogmansfqudcket loss in the forrof

overpayment at the time of purchase of at least $§1&t based upon other diesel cases expert
analysign this casevill show overpayment in excess d,$00 BMW and Bosch knew about,

or recklessly disregarded, the inadequate emission controls during normal driving cortalitions,

did not disclose such facts or their effects to Mr. Rogmans so Mr. Rogmans purcizased

vehicle on the reasonable but miggak bel i ef that his vehilcow was
emi ssion diesel, 0 complied wit h-catificd,ande mi ssi on
would retain all of its promised fuel economy and performance throughout its usetdrlife.

Rogmans dected and ultimately purchased his vehicle, in part, because of the diesel agstem,
represented through advertisements and representations made by BMW. Mr. Regailéns

that he relied on the deal er shicmd D sl atmed Isisn @ nas
economy, and power and performance of the engine as part of his purchasing decisiomsas well
doing a significant amount of individual research on BMW vehicles. Had BMBdsch

disclosed this design or the fact that the vehiclaadigt emitted unlawfully high levelsf

pollutants, Mr. Rogmans would not have purchased the vehicle or would have paiditess for

Mr. Rogmans and each Class member has suffered an ascertainable loss as 8rbWhtios

omissions and/or misrepresembati s and Def endant sd o pssociaddi on of

with the BMW diesel engine system, including but not limited to a high premium fBMNé
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X5 Diesel engine compared to what they would have paid for-amasred engineut-of-

pocket losseby overpaying for the vehicles at the time of purchiigither BMW nor any of its
agents, dealers, other representatives, or Bosch informed Mr. Rogmans or Class members of
the existence dhe unlawfully high emissions and/or defective nature of the diesel engine
system of th@olluting Vehicles prior tpurchase.

e. Eric Sanchez

38. Plaintiff Eric Sanchez (for tadme purpose
individual residing in West Covina, California. On or around March 2015Skiichez
purchased a used 2010 BMW X5 Diesel from West Coast Rovers, located iRdrakg
California. Mr. Sanchez paid approximately $21,000 for the vehicle and paid apleseaim of
at least $1500. Mr. Sanchez purchased and still owns this vehicle. Unknown tdtnentirae
the vehicle was purchased, the vehicle only achieved its promised fuehgcamd performance
because it was equipped with an emissions system that, during wloirimeg conditions,
exceeded the all owed | evel of polahddeceptive s such
conduct in designing, manufacturing, marketing, sellargl leasing theehicle without proper
emission controls has caused Mr. Sanchezbpbcket loss in the formof overpayment at the
time of purchase of at least $15@0d based upon other diesel cases expert anialyhis case
will show overpaymenin excess of $5,00BMW and Bosch knew abouwdy recklessly
disregarded, the inadequate emission controls during normal driving conditibds] not
disclose such facts or their effects to Mr. Sanchez so Mr. Sanchez purchasickeson the
reasonal e but mistaken belief thatfilhaw veriixdieomw
diesel, 0 complied with U.S. -cerifiedasdiwoulldsetaint andar
all of its promised fuel economy and performance throughout its usefiMtif&anchez
selected and ultimately purchased his vehicle, in part, because of the dieselaystem,
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represented through advertisements and representations made by BMW. Mr. Sanchézatecalls
before he purchased the vehicle, he reviewed representtonthe dealership toutirthe

efficiency, fuel economy, and power and performance of the engine. Had BN8dscin

disclosed this design or the fact that the vehicle actually emitted unlawfully highdévels
pollutants, Mr. Sanchez would not have purelbihe vehicle or would have paid less folit.
Sanchez and each Class member has suffered an ascertainable loss as &rbsWlibos

omi ssions and/ or misrepresentati onasassainted Def en
with the BMW diesel engmsystem, including but not limited to a high premium forBNBV

X5 335d engine compared to what they would have paid for-amasred engin@ut-of-pocket
losses by overpaying for the vehicles at the time of purchisthner BMW nor any of its

agents, dealers, or other representativeBpsch informed Mr. Sanchez or Class members of the
existence of te unlawfully highemissions and/or defective nature of the diesel engine system of
the Polluting Vehicles prior fourchase.

4. Colorado Plaintiff s
a. Jeffrey Price

39. Plaintiff Jeffrey Price (for the purpose of this paragrdp®, | ai nt i f f o) i s
individual residing in Ridgway, Colorado. On or around December 20, 2016, Mr. Price
purchased a used 2009 BMW X5 Diesel from Autonation in Centennial, Colorado. Mr. Price
paid approximately $17,000 for the vehieled paid a diesel pream of at least $1500Mr.
Price purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, dunioigmal driving conditions, exceeded the allowed
| evel of pollutants such as NOx. BMW6és wunfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
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caused Mr. Price atof-pocket loss in the form of overpayment at the time of purobiaaeleast

$150Q and based upon other diesel cases expert analyhis casevill show overpayment in

excess of $5,00BMW and Bosclhknew about, or recklessly disregarded, the inadex

emission controls during normal driving conditions, but did not disclose such facts or their

effects to Mr. Price, so Mr. Price purchased his vehicle on the reasonable but mistaken belief that
his vehicle was a fAcleamrseileDelcomphdldr watiml &
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Price selected and ultimately purchased his vehicle,

in part, because of the diesgktem, as represented through advertisements and representations
made by BMW. Mr. Price recalls that before he purchased the vehicle, he reviewed
advertisements on BMW6s website and represent
efficiency, fuel economyand power and performance of the engine. Had Bdi\Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Price would not have purchased the vehicle or would have paid less for it. Mr.
Priceamd each Class member has suffered an ascer:t
and/ or misrepresentations and Defendantsd ope
BMW dieselengine system, including but not limited to a high premium felBRW X5 Diesel

engine compared to what they would have paid for gpgagered engine, owdf-pocket losses

by overpaying for the vehicles at the time of purchase, and future attempted repairs, future

additional fuel costs, decreased performance of thieleslonce the repair to the emissions

system is madeNeither BMW nor any of its agents, dealers, or other representaiivBesch

informed Mr. Price or Class members of the existence of the unlawfully high emissions and/or

defective nature of the didsengine system of the Polluting Vehicles prior to purchase.
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b. Garner Rickman

40. Pl aintiff Garner Rickman (for the purpo
individual residing in Hayden, Colorado. On or around May 20, 2015, Mkniin purchased a
used 2012 BMW X5 Diesel from Schomp BMW, an authorized BMW dealer in Highlands
Ranch, Colorado. Mr. Rickman paid approximately $43,000 for the vehicle, and paid a diesel
premium of at least $1,500. Mr. Rickman purchased and still owsgehicle. Unknown to
him at the time the vehicle was purchased, the vehicle only achieved its promised fuel economy
and performance because it was equipped with an emissions system that, during normal driving
conditions, exceeded the allowed level ofipolt ant s such as NOx. BMWOGs
deceptive conduct in designing, manufacturing, marketing, selling, and leasing the vehicle
without proper emission controls has caused Mr. Rickmaiofepocket loss in the form of
overpaynent at the time gburchase of at least $150hd based upon analysis of similar cases
overpayment damages will exceed $10,000 at the time of expert discldMidsand Bosch
knew about, or recklessly disregarded, the inadequate emission controls during normal driving
conditions, but did not disclose such facts or their effects to Mr. Rickman, so Mr. Rickman
purchased his vehicle on the reasonable but mistakénibe f t hat hi s wvehicl e
and/ or a Al ow emission diesel, 0 compl-ied with
certified, and would retain all of its promised fuel economy and performance throughout its
useful life. Mr. Rickman seleetl and ultimately purchased his vehicle, in part, because of the
diesel system, as represented through advertisements and representations made by BMW. Mr.
Ri ckman recalls that before he purchased the
websiteandt epr esent ations from BMWO6s authorized de
and power and performance of the engine. Had BMW or Bosch disclosed this design or the fact
that the vehicle actually emitted unlawfully high levels of pollutants, Mr. R&kwould not
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have purchased the vehicle or would have paid less for it, by at least $1,500. Mr. Rickman and
each Class member has suffered an ascertainab
mi srepresentations and Defprseatscated Vith thbepBdMWat i o n
diesel engine system, including but not limited to a high premium for the BMW X5 Diesel

engine compared to what they would havelgar a gagpowered engingut-of-pocket losses

by overpaying for the vehicles at the timfgpurchaseNeither BMW nor any of its agents,

dealers, or other representatives, or Bosch informedRMkman or Class members of the

existence of the unlawfully high emissions and/or defective nature of the diesel engine system of

the Polluting Vehicles prior to purchase.

5. Georgia Plaintiffs
a. Darshan Patel

41.  Plaintiff Darshan Patdl f or t he purpose of this parag
individual residing in Suwanee, Georgia. On or around April 2013, Mr. Patel purchased a nhew
2013 BMW X5 Diesel from Athens BMW, located in Athens, Georgia. Mr. Patel paid
approximately $62,000 for theshicle and paid a diesel premium of at least $1500. Mr. Patel
purchased and still owns this vehicle. Unknown to him at the time the vehicle was purchased, the
vehicle only achieved its promised fuel economy and performance because it was equipped with
anemissions system that, during normal driving conditions, exceeded the allowed level of
poll utants such as NOx. BMW6s wunfair, unlawfu
manufacturing, marketing, selling, and leasing the vehicle without proper emisstooibas
caused Mr. Patel outf-pocket loss in the form of overpayment at the time of purchase of at least
$150Q and based upon analysis of similar cases overpayment damages will exceed $10,000 at
the time of expert disclosureBMW and Bosch knew abguor recklessly disregarded, the
inadequate emission controls during normal driving conditions, but did not disclose such facts or
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their effects to Mr. Patel so Mr. Patel purchased his vehicle on the reasonable but mistaken belief
that his wvwélianl diwasselad fand/ or a Al ow emission
emissions standards, was properly E€&ktified, and would retain all of its promised fuel

economy and performance throughout its useful life. Mr. Patel selected and ultimately purchased

his vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BMW. Mr. Patel recalls that before he purchased the vehicle, he

reviewed representations from the dealership touting the efficiency, fuelragpand power

and performance of the engindad BMW or Bosch disclosed this design or the fact that the

vehicle actually emitted unlawfully high levels of pollutants, Mr. Patel would not have purchased

the vehicle or would have paid less for it. Mr.ét@nd each Class member has suffered an
ascertainable | oss as a result of BMWO6s omiss
operation of a RICO enterprise associated with the BMW diesel engine system, including but not
limited to a high premium fothe BMW X5 335d engine compared to what they would have paid

for a gaspowered engine, owudf-pocket losses by overpaying for the vehicles at the time of
purchaseNeither BMW nor any of its agents, dealers, or other representatives, or Bosch

informed Mr. Patel or Class members of the existence of the unlawfully high emissions and/or
defective nature of thdiesel engine system of the Polluting Vehicles prior to purchase

b. Charles Campbell

42. Pl aintiffs Charles Campbell (for the pu
individual residing in Iva, South Carolina. On or around June 204dtles Campbell purchased
a used 2011 BMW X5 Diesel from Atlanta Luxury Motors, located in Atlanta, Georgia. Charles
Campbell paid approximately $36,000 for the vehicle and paid a diesel premium of at least
$150Q and based upon other diesel cases eqpatysis will show overpayment in excess of
$5,000 Unknown to Plaintiffs at the time the vehicle was purchased, the vehicle only achieved
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its promised fuel economy and performance because it was equipped with an emissions system
that, during normal drimg conditions, exceeded the allowed level of pollutants such as NOx.
BMW6és wunfair, unlawful, and deceptive conduct
and leasing the vehicle without proper emission controls has caused Plaintdfspogke loss

in the form of overpayment at the time of purchase. BMW and Bosch knew about, or recklessly
disregarded, the inadequate emission controls during normal driving conditions, but did not

disclose such facts or their effects to Mr. Campbell so Mr. Cathpbrchased his vehicle on the
reasonabl e but mistaken belief that the vehic
diesel, 0 complied with U.S. -cenifieds and wounldretant andar
all of its promised fuel economy aperformance throughout its useful life. Plaintiffs selected

and ultimately purchased the vehicle, in part, because of the diesel system, as represented

through advertisements and representations made by BMW. Plaintiffs recalls that before he
purchased theehicle, they reviewed representations from the dealership touting the efficiency,

fuel economy, and power and performance of the engine. Had BMW or Bosch disclosed this

design or the fact that the vehicle actually emitted unlawfully high levedslhitants, Plaintiff

would not have purchased the vehicle or would have paid less for it. Plaintiff and each Class
member has suffered an ascertainable | oss as
mi srepresentations and D e preeadsaciatedswith theBBIW at i on
diesel engine system, including but not limited to a high premium for the BMW X5 335d engine
compared to what they would have paid for apgasered engine, owdf-pocket losses by

overpaying for the vehicles at the time ofghaseNeither BMW nor any of its agents, dealers,

or other representatives, or Bosch informed PlagtffClass members of the existence of the

-29-
01073311/1053639/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 42 of 459 PagelD: 2849

unlawfully high emissions and/or defective nature of the diesel engine system of the Polluting
Vehicles prior to purchase.

C. Dr. Alexander VanDamme

43.  Plaintiff Dr. Alexander VanDamme (fortpeur pose of thi s parag!
is an individual residing in Pittsford, New York. On or around June 7, 2016, Dr. VanDamme
purchased a used 2013 BMW X5 Diesel from Executive Auto, located in Loga@aibegia.

Dr. VanDamme paid approximately $237 for the vehicle and paid a diesel premium of at least
$1500. Dr. VanDamme purchased and still owns this vehicle. Unknown to him at the time the
vehicle was purchased, the vehicle only achieved its promised fuel economy and performance
because it was egpped with an emissions system that, during normal driving conditions,
exceeded the all owed | evel of pollutants such
conduct in designing, manufacturing, marketing, selling, and leasing the vehicle withmert pro
emission controls has caused Dr. VanDammeodypiocket loss in the form of overpayment at

the time of purchase of at least $1580d based upon other diesel cases expert analysis will

show overpayment in excess of $5,0BMW and Bosch knew about, tecklessly disregarded,

the inadequate emission controls during normal driving conditions, but did not disclose such

facts or their effects to Dr. VanDamme so Dr. VanDamme purchased his vehicle on the

reasonable but mistaken belief that his vehicle wasa ean di esel 0 and/ or a
diesel , 0 complied with U.S. -certifiedsasd wouldsetagmt and ar
all of its promised fuel economy and performance throughout its useful life. Dr. VanDamme

selected and ultimately purchadad vehicle, in part, because of the diesel system, as

represented through advertisements and representations made by BMW. Dr. VanDamme recalls
that before he purchased the vehicle, he reviewed representations from the dealership touting the
efficiency, fuel economy, and power and performance of the engine. Had BMW or Bosch
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disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Dr. VanDamme would not have purchased the vehicle or would have paid less for it

Dr. VanDamme and each Class member has suffer
omi ssions and/ or misrepresentations and Def en
with the BMW diesel engine system, including but not limited to A prgmium for the BMW

X5 Diesel engine compared to what they would have paid for-am@sred engine, ouif-

pocket losses by overpaying for the vehicles at the time of purdieiseer BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Dr. VanDamme or Class members of
the existence of the unlawfully high emissions and/or diefeoature of the diesel engine

system of the Polluting Vehicles prior to purchase.

6. [llinois Plaintiffs
a. Christine Giriffith

4., Pl aintiff Christine Griffith (for the p
individual residing in Chicago, lllinois. On or around April 20, 2017, Ms. Griffith purchased a
used 2011 BMW X5 Diesel from Luxury Automaxx in Chicago, lllinois. Ms. @hifpaid
approximately $19,500 for the vehicle and paid a diesel premium of at least $1500. Ms. Griffith
purchased and still owns this vehicle. Unknown to her at the time the vehicle was purchased, the
vehicle only achieved its promised fuel economy agrdopmance because it was equipped with
an emissions system that, during normal driving conditions, exceeded the allowed level of
poll utants such as NOx. BMW6s wunfair, unl awf u
manufacturing, marketing, selling, anddew the vehicle without proper emission controls has
caused Ms. Griffith oubf-pocket loss in the form of overpayment at the time of purchase of at
least $1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
controls duringhormal driving conditions, but did not disclose such facts or their effects to Ms.
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Griffith, so Ms. Griffith purchased her vehicle on the reasonable but mistaken belief that her
vehicle was a fAclean diesel 0 and/emissiom il ow em
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
performance throughout its useful life. Ms. Griffith selected and ultimately purchased her

vehicle, in part, because of the diesel system, as repedshnbugh advertisements and

representations made by BMW. Ms. Griffith recalls that before she purchased the vehicle, she
reviewed advertisements on BMW6s website and
efficiency, fuel economy, and power aperformance of the engine. Had BMW or Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Ms. Griffith would not have purchased the vehicle or would have paid less for it. Ms.
GrifithandeachG s s member has suffered an ascertaina
omi ssions and/ or misrepresentations and Def en
with the BMW diesel engine system, including but not limited to a high premium for the BMW

X5 Diesel engine compared to what they would have paid for-agasred engine, ouif-

pocket losses by overpaying for the vehicles at the time of purdieiseer BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Ms. Griffith or Class members of the
existence of the unlawfully high emissions and/or defective nature of the digset system of

the Polluting Vehicles prior to purchase.

b. Gene Quint

45. Pl aintiff Charles Rogers (for the purpo
individual residing in Deatsville, Alabama. On or around June 17, 2016, Mr. Rpgehased a
used 2013 BMW X5 Diesel from CarMax of Birmingham in Birmingham, Alabama. Mr. Rogers
paid approximately $42,333 for the vehicle and paid a diesel premium of at least $1500. Mr.
Rogers purchased and still owns this vehicle. Unknown to hihedime the vehicle was
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purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditions, exceeded the allowed

l evel of pol |l ut ant air, ualanduh and decepti@xcondudt M d&signing, n f
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Rogers owf-pocket loss in the form of overpayment at the time of purchase of at

least $1500. BMV and Bosch knew about, or recklessly disregarded, the inadequate emission
controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Rogers, so Mr. Rogers purchased his vehicle on the reasonable but mistakehaidiisf
vehicle was a fAclean diesel o and/or a filow em
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Rogers selecteditindgately purchased his vehicle,

in part, because of the diesel system, as represented through advertisements and representations
made by BMW. Mr. Rogers recalls that before he purchased the vehicle, he reviewed
advertisements on BMakhsfronwddedletsleip tautngdther e pr e s e
efficiency, fuel economy, and power and performance of the engine. Had BMW or Bosch
disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of
pollutants, Mr. Rogers would not haparchased the vehicle or would have paid less for it. Mr.
Rogers and each Class member has suffered an
omi ssions and/ or misrepresentations and Def en
with the BMW dieskengine system, including but not limited to a high premium for the BMW

X5 Diesel engine compared to what they would have paid for-a@asred engine, of-

pocket losses by overpaying for the vehicles at the time of purdieiseer BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Mr. Rogers or Class members of the
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existerte of the unlawfully high emissions and/or defective nature of the diesel engine system of
the Polluting Vehicles prior to purchase.

7. Indiana Plaintiff
a. Jacob Biggins

46. Pl aintiff Jacob Biggins (fndar ftfloe p wr mms
individual residing in Fort Wayne, Indiana. On or around January 31, 2017, Mr. Biggins
purchased a used 2009 BMW 335d from Unlimited Motors in Indianapolis, Indiana. Mr. Biggins
paid approximately $15,000 for the vehicle and paid a dieselipne of at least $1500. Mr.
Biggins purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system thatjrdunormal driving conditions, exceeded the allowed
|l evel of pollutants such as NOx. BMWG&6s unfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Bigms outof-pocket loss in the form of overpayment at the time of purchase of at
least $1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
controls during normal driving conditions, but did not disclose such facts or tfesitsetio Mr.
Biggins, so Mr. Biggins purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a fAclean diesel o and/or a filow em
standards, was properly ER&rtified, and would retain adif its promised fuel economy and
performance throughout its useful life. Mr. Biggins selected and ultimately purchased his
vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BMW. Mr. Bigginsabs that before he purchased the vehicle, he
reviewed advertisements on BMW6s website and
efficiency, fuel economy, and power and performance of the engine. Had BMW or Bosch
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disclosed this design or the fdbat the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Biggins would not have purchased the vehicle or would have paid less for it. Mr.
Biggins and each Class member has suffered an
omissionsad/ or mi srepresentations and Defendants®b
with the BMW diesel engine system, including but not limited to a high premium for the BMW

335d engine compared to what they would have paid for-pgasred engine, owdf-pocket

losses by overpaying for the vehicles at the time of purchisther BMW nor any of its

agentsdealers, or other representatives, or Bosch informed Mr. Biggins or Class members of the
existence of the unlawfully high emissions and/or defective nature of the diesel engine system of

the Polluting Vehicles prior to purchase.

8. Kentucky Plaintiff
a. Razmir Avic

47. Pl aintiff Razmir Avic (for the purpose
individual residing in St. Louis, Missouri. On or around May 11, 2016, Mr. Avic purchased a
used 2011 BMW X5 Diesel from Volvo of Louisville in Louisville, Kentucky. Mr. Avic paid
approximately $23,000 for the vehicle and paid a diesel premium of at least $1500. Mr. Avic
purchased and still owns this vehicle. Unknown to him at the time the vehicle was purchased, the
vehicle only achieved its promised fuel economy and performatabe it was equipped with
an emissions system that, during normal driving conditions, exceeded the allowed level of
poll utants such as NOx. BMW6s wunfair, unl awf u
manufacturing, marketing, selling, and leasing thackehvithout proper emission controls has
caused Mr. Avic oubf-pocket loss in the form of overpayment at the time of purchase of at least
$1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission controls
during normal driving enditions, but did not disclose such facts or their effects to Mr. Avic, so
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Mr. Avic purchased his vehicle on the reasonable but mistaken belief that his vehicle was a

Aicl ean diesel o and/or a filow emissioam diesel,
properly EPAcertified, and would retain all of its promised fuel economy and performance

throughout its useful life. Mr. Avic selected and ultimately purchased his vehicle, in part,

because of the diesel system, as represented through advertisermdeafsesentations made by

BMW. Mr. Avic recalls that before he purchased the vehicle, he reviewed advertisements on
BMW6s website and representations from the de
and power and performance of the engine. Had BM\Bosch disclosed this design or the fact

that the vehicle actually emitted unlawfully high levels of pollutants, Mr. Avic would not have
purchased the vehicle or would have paid less for it. Mr. Avic and each Class member has
suffered an ascertainabes s as a result of BMWO6s omissions
Defendant sé operation of a RICO enterprise as
including but not limited to a high premium for the BMW X5 Diesel engine compared to what

they would lave paid for a gapowered engine, outf-pocket losses by overpaying for the

vehicles at the time of purchaséeither BMW nor any of its agents, dealers, or other

representatives, or Bosch informed Mr. Avic or Class members of the existence of the unlawfully
high emissions and/or defective nature of the diesel engine system of the Polluting Vehicles prior

to purchase.

9. Louisiana Plaintiff
a. Tarrah Pee

48. Pl ainti ff Tarrah Pee (for the purpose o
residing in Lake Charles, Louisiana. On or around March 2017, Ms. Pee purchased a used 2011
BMW X5 Diesel from HerrirRGear Toyota, 6100 N Frontage Rd-83, Jackson, MS 39211. Ms.

Pee paid approximately $36,760.64 for the vehicle and paid a diesel premium of at least $1500.
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Ms. Pee purchased and still owns this vehicle. Unknown to him at the timehibke weas

purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditions, exceeded the allowed

|l evel of poll utants s uc handadscepiv® gondudsiMigdigningy nf ai r
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Ms. Pee cof-pocket loss in the form of overpayment at the time of purchase of at least
$150Q and based upon othéiesel cases expert analysis will show overpayment in excess of

$5,000 BMW and Bosch knew about, or recklessly disregarded, the inadequate emission

controls during normal driving conditions, but did not disclose such facts or their effects to Ms.

Pee, sMs. Pee purchased her vehicle on the reasonable but mistaken belief that his vehicle was

a Aclean diesel o6 and/or a Al ow emission diese
properly EPAcertified, and would retain all of its promised fuel econ@ng performance

throughout its useful life. Ms. Pee selected and ultimately purchased his vehicle, in part, because

of the diesel system, as represented through advertisements and representations made by BMW.
Ms. Pee recalls that before she purchasesttteh i cl e, she reviewed adver
website and representations from the dealership touting the efficiency, fuel economy, and power

and performance of the engine. Had BMW or Bosch disclosed this design or the fact that the

vehicle actually emitied unlawfully high levels of pollutants, Ms. Pee would not have purchased

the vehicle or would have paid less for it. Ms. Pee and each Class member has suffered an
ascertainable I oss as a result of BMWO6s omiss
operation of a RICO enterprise associated with the BMW diesel engine system, including but not
limited to a high premium for the BMW X5 Diesel engine compared to what they would have

paid for a gapowered engine, owdf-pocket losses by overpaying for thehicles at the time of
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purchaseNeither BMW nor any of its agents, dealers, or other representati@ssoh
informed Ms. Pee or Class members of the existence of the unlawfully high emissions and/or
defective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

10.  Maryland Plaintiff
a. Ziwen Li

Plaintiff Ziwen Li (for the purposedf hi s paragraph, APl aintiffo
in Ocala, Florida. On or around April 27, 2015, Mr. Li purchased a used 2011 BMW X5 Diesel
from Passport BMW, an authorized BMW dealer in Camp Springs, Maryland. Mr. Li paid
approximately $27,000 fohé vehicle and paid a diesel premium of at least $1500. Mr. Li
purchased and still owns this vehicle. Unknown to him at the time the vehicle was purchased, the
vehicle only achieved its promised fuel economy and performance because it was equipped with
anemissions system that, during normal driving conditions, exceeded the allowed level of
poll utants such as NOx. BMW6s wunfair, unlawfu
manufacturing, marketing, selling, and leasing the vehicle without proper emiesinol€ has
caused Mr. Li oubf-pocket loss in the form of overpayment at the time of purobiaateleast
$150Q and based upon other diesel cases expert analysis will show overpayment in excess of
$5,000 BMW and Bosclknew about, or recklessly disredad, the inadequate emission
controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Li, so Mr. Li purchased his vehicle on the reasonable but mistaken belief that his vehicle was a
Acl ean dieselidosainadd odi as éll oawv eonmpl i ed with U.
properly EPAcertified, and would retain all of its promised fuel economy and performance
throughout its useful life. Mr. Li selected and ultimately purchased his vehicle, in part, because
of thediesel system, as represented through advertisements and representations made by BMW.
Mr . Li recalls that before he purchased the v
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website and representations from BM@&dmMy@aut hor
and power and performance of the engine. Had BdM\Boschdisclosed this design or the fact

that the vehicle actually emitted unlawfully high levels of pollutants, Mr. Li would not have

purchased the vehicle or would have paid less for it.Li/and each Class member has suffered

an ascertainable | oss as a result of BMWOs om
operation of a RICO enterprise associated with the Bdi#®¥elengine system, including but not

limited to a high premiunfor the BMW X5 Diesel engine compared to what they would have

paid for a gagppowered engine, owdf-pocket losses by overpaying for the vehicles at the time of
purchaseNeither BMW nor any of its agents, dealers, or other representativBssch

informed Mr. Li or Class members of the existence of the unlawfully high emissions and/or

defective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

11. Minnesota Plaintiff
a. Irving Cohen

49. PlaintiffvingCohen (for the purpose of this pa
individual residing in Eden Prairie, Minnesota. On or around August 2013, Mr. Cohen purchased
a 2013 BMW X5 Diesel from Auto Source, Inc., which at that time was located in Eden Prairie,
Minnesda. Mr. Cohen paid approximately $ 51,000 for the vehicle and paid a diesel premium of
at least $1500. Mr. Cohen purchased and still owns this vehicle. Unknown to him at the time the
vehicle was purchased, the vehicle only achieved its promised fuel egamonperformance
because it was equipped with an emissions system that, during normal driving conditions,
exceeded the all owed | evel of pollutants such
conduct in designing, manufacturing, marketing, sellamgl leasing the vehicle without proper
emission controls has caused Mr. Cohenaftgocket loss in the form of overpayment at the
time of purchase of at least $15@hd based upon analysis of similar cases overpayment
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damages will exceed $10,000 at timeet of expert disclosureBMW and Bosch knew about, or

recklessly disregarded, the inadequate emission controls during normal driving conditions, but

did not disclose such facts or their effects to Mr. Cohen so Mr. Cohen purchased his vehicle on
thereasnabl e but mistaken belief that his vehicle
diesel, 0 complied with U.S. -certifiecdsand wouldsetammt andar
all of its promised fuel economy and performance throughout its usefuMifécCohen selected

and ultimately purchased his vehicle, in part, because of the diesel system, as represented
throughadvertisements and representations made by BMW. Mr. Cohen recalls that before he
purchased the vehicle, he reviewed representationstfre dealership touting the efficiency,

fuel economy, and power and performance of the engine. Had BMW or Bosch disclosed this

design or the fact that the vehicle actually emitted unlawfully high levels of pollutants, Mr.

Cohen would not have purchased trehicle or would have paid less for it. Mr. Cohen and each
Class member has suffered an ascertainable 1o
mi srepresentations and Defendantsdé operation
diesel engine sysate, including but not limited to a high premium for the BMW X5 Diesel

engine compared to what they would have paid for gpgagered engine, owdf-pocket losses

by overpaying for the vehicles at the time of purchBisgther BMW nor any of its agents,

dealers, or other representatives, or Bosch informed Mr. Cohen or Class members of the

existence of the unlawlly high emissions and/or defective nature of the diesel engine system of

the Polluting Vehicles prior to purchase.

12.  Mississippi Plaintiff
a. Angela Hughes
50. Pl aintiff Angela Hughes (for the purpos
individual residing in Heidelberg, Mississippi. On or around January 9, 2018, Ms. Hughes
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purchased a used 2012 BMW X5 35d from Specialty Auto in Gulf Coast, Mississippi. Ms.

Hughes paid approximately $15,595.00 for the vehicle and paid a diesel premium of at least

$1500. Ms. Hughes purchased and still owns this vehicle. Unknown to him at the time the

vehicle was purchased, the vehicle only achieved its promised fuel econongrfamchance

because it was equipped with an emissions system that, during normal driving conditions,
exceeded the all owed | evel of pollutants such
conduct in designing, manufacturing, marketing, selling, argingdahe vehicle without proper

emission controls has caused Ms. Hughesobyocket loss in the form of overpayment at the

time of purchase of at least $15@hd based upon other diesel cases expert analysis will show
overpayment in excess of $5,0@BMW and Bosch knew about, or recklessly disregarded, the
inadequate emission controls during normal driving conditions, but did not disclose such facts or
their effects to Ms. Hughes, so Ms. Hughes purchased her vehicle on the reasonable but mistaken
belieft hat hi s vehicle was a fAclean diesel o and/ g
emissions standards, was properly E€84tified, and would retain all of its promised fuel

economy and performance throughout its useful life. Ms. Hughes selectalliaradely

purchased her vehicle, in part, because of the diesel system, as represented through
advertisements and representations made by BMW. Ms. Hughes recalls that before she
purchased the vehicle, she revi ewsedationgdfmmr t i se
the dealership touting the efficiency, fuel economy, and power and performance of the engine.

Had BMW or Bosch disclosed this design or the fact that the vehicle actually emitted unlawfully

high levels of pollutants, Ms. Hughes would noté@urchased the vehicle or would have paid

less for it. Ms. Hughes and each Class member has suffered an ascertainable loss as a result of

BMW6s omi ssions and/ or misrepresentations and
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associated with the BMW dsel engine system, including but not limited to a high premium for

the BMW X5 35d engine compared to what they would have paid for-payeered engine, out
of-pocket losses by overpaying for the vehicles at the time of purdiesieer BMW nor any of

its agents, dealers, or other representatives, or Bosch informed Ms. Hughes or Class members of
the existene of the unlawfully high emissions and/or defective nature of the diesel engine

system of the Polluting Vehicles prior to purchase.

13. Montana Plaintiff
a. Carlos Buendia

51. PIlaintiff Carlos Buendia (for the purpose of this paragrépR,l ai nt i f f 6) i s
individual residing in Belgrade, Montana. On or around November 2016, Mr. Buendia purchased
a used 2010 BMW X5 Diesel from Billion Auto Group, in Bozeman, Montana. Mr. Buendia
paid approximately $17,500 for the vehicle and paid a dpsetium of at least $1500. Mr.
Buendia purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system tdating normal driving conditions, exceeded the allowed
|l evel of pollutants such as NOx. BMWG&és unfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Bendia ouof-pocket loss in the form of overpayment at the time of purchase of at
least $1500and based upon other diesel cases expert analysis will show overpayment in excess
of $5,000 BMW and Bosch knew about, or recklessly disregarded, the inadesoistson
controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Buendia so Mr. Buendia purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a fclean disedelod camepl or da wilt hw Ue 18
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
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performance throughout its useful life. Mr. Buendia selected and ultimately purchased his

vehicle, in part, because of the diesgstem, as represented through advertisements and
representations made by BMW. Mr. Buendia recalls that before he purchased the vehicle, he
reviewed representations from the dealership touting the efficiency, fuel economy, and power

and performance of éhengine. Had BMW or Bosch disclosed this design or the fact that the

vehicle actually emitted unlawfully high levels of pollutants, Mr. Buendia would not have

purchased the vehicle or would have paid less for it. Mr. Buendia and each Class member has
sufer ed an ascertainable | oss as a result of BN
Defendant sé operation of a RICO enterprise as
including but not limited to a high premium for the BMW X5 Diesel engine coaaptar what

they would have paid for a ga®wered engine, outf-pocket losses by overpaying for the

vehicles at the time of purchaséeither BMW nor any of its agents, dealers, or other

representatives, or Bosch informed Mr. Buendia or Class members of the existence of the

unlawfully high emissions and/or defective nature of the diesel engine systenPalltiteng

Vehicles prior to purchase.

14.  New Jersey Plaintiffs
a. William Berbaum

52 Pl aintiff William Berbaum (for the purp
individual residing in Bloomfield, New Jersey. On or around M&y2D13,Mr. Berbaum
purchased a used 2011 BMW 335d from Crown BMW in Greensboro, North Carolina. Mr.
Berbaum paid approximately $35,000 for the vehicle and paid a diesel prefmaifeast
$1500 On or around May 6, 2016, Mr. Berbaum purchased a used 2010 BB/NeXel from
John Johnson Dodge LLC in Hackettstown, New Jersey. Mr. Berbaum paid approximately
$15,000 for the vehicle and paid a diesel premidiat least $1500Mr. Berbaum purchased
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and still owns these vehicles. Unknown to him at the time thésele® were purchased, the

vehicles only achieved their promised fuel economy and performance because they were

equipped with emissions systems that, during normal driving conditions, exceeded the allowed

|l evel of poll utants s wiulhanddscepiv® gonduddiMigdigningy nf ai r
manufacturing, marketing, selling, and leasing these vehicles without proper emission controls

has caused Mr. Berbaum enftpocket loss in the form of overpayment at the time of purchase

of at least $1500 for eastehicle and based upon other diesel cases expert analysis will show
overpayment in excess of $5,0@BMW and Bosctknew about, or recklessly disregarded, the
inadequate emission controls during normal driving conditions, but did not disclose such facts o

their effects to Mr. Berbaum, so Mr. Berbaum purchased his vehicles on the reasonable but

mi staken belief that his vehicles were fAcl ean
complied with U.S. emissions standards, they were properlydePified, and would retain all

of their promised fuel economy and performance throughout their useful lives. Mr. Berbaum

selected and ultimately purchased his vehicles, in part, because of the diesel system, as
represented through advertisements and represgrganade by BMW. Mr. Berbaum recalls

t hat before he purchased the vehicles, he rev
representations from the dealership touting the efficiency, fuel economy, and power and
performance of the engine. Had BMaW Bost disclosed this design or the fact that the vehicle

actually emitted unlawfully high levels of pollutants, Mr. Berbaum would not have purchased the
vehicles or would have paid less for them. Mr. Berbaum and each Class member has suffered an
ascertainable oss as a result of BMWO6s omissions and/
operation of a RICO enterprise associated with the Biild¥elengine systemncluding but not

limited to a high premiums for the BMW 335d engine and the BMW X5 Diesel engingacec
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to what they would have paid for a gaswered engines, owif-pocket losses by overpaying for
the vehicles at the time of purchabkeither BMW nor any of its agents, dealers, or other
representativeor Boschinformed Mr. Berbaum or Class members of the existence of the
unlawfully high emissions and/or defective nature of the diesel engine systeenRilluting
Vehicles prior to purchase.

b. Charles Chapman

53. Plaintiff Charles Chapman (for the purp
individual residing in Glen Rock, New Jersey. On or around January 21, 2011, Mr. Chapman
purchased a used 2010 BMW X5 Diesel from BMW of Roxbury, an authorized BMW dealer in
Kenvil, New Jersey. Mr. Chapman paid approximately $56,657 for the vehicle and paid a diesel
premiumof at least $1500Mr. Chapman purchased and still owns this vehigt&known to
him at the time the vehicle was purchased, the vehicle only achieved its promised fuel economy
and performance because it was equipped with an emissions system that, during normal driving
conditions, exceeded the allowed level of pollutanthsua s NOX . BMW6s wunfair,
deceptive conduct in designing, manufacturing, marketing, selling, and leasing the vehicle
without proper emission controls has caused Mr. Chapmaofqagdcket loss in the form of
overpayment at the time of purchagebleast $1500and based upon analysis of similar cases
overpayment damages will exceed $10,000 at the time of expert discl@Miésand Bosch
knew about, or recklessly disregarded, the inadequate emission controls during normal driving
conditions, budid not disclose such facts or their effects to Mr. Chapman, so Mr. Chapman
purchased his vehicle on the reasonabl e but m
and/ or a Al ow emission diesel, 0 cerlpnpPAi ed wi t h
certified, and would retain all of its promised fuel economy and performance throughout its
useful life. Mr. Chapman selected and ultimately purchased his vehicle, in part, because of the
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diesel system, as represented through advertisementspaeskerations made by BM&s a

graduate of the School of Environmental Science at Ramapo College of NJ (BS Human Ecology
-1982),t he fAcl ean diesel o6 technologies BMW promot
role i n Mr. Chap rasethé BMWXS DiessMr.cChaprhaa reqalls that h

before he purchased the vehicle, he reviewed
representations from the dealership touting the efficiency, fuel economy, and power and
performance of the enginklr. Chapmars el ect ed hi s vehicle explici!
mar keting promoted their Aclean diesel o0 and B
Exhaust Fluid and a diesel particulates filter to turn nitric oxides into environmentally

compatible nitrogen and wateaporo BMW al so clearly promoted t
power of a V8 with efficiency of a-dylinder engine.Had BMW or Boschdisclosed this design

or the fact that the vehicle actually emitted unlawfully high levels of pollutants, Mr. Chapman

would not have purchased the vehicle or would have paid less for it. Mr. Chapman and each
Class member has suffered an ascertainable 1o
mi srepresentations and Defendantsdé &8MWTrati on
X5 dieselengine system, including but not limited to a high premium for the BMW X5 Diesel

engine compared to what they would have paid for gpgagered engine, owdf-pocket losses

by overpaying for the vehicles at the time of purchBisgther BMW nor any of its agents,

dealers, or other representativesBoschinformed Mr. Chapman or Class membefrshe

existence of the unlawfully high emissions and/or defective nature of the diesel engine system of

the Polluting Vehicles prior to purchase.
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15. New York Plaintiffs
a. Mark Messina

54.  Plaintiff Mark Messina (for the purpose of thispag r aph, APl ainti ffo
individual residing in Carlsbad, California. On or around August 18, 2014, Mr. Messina
purchased a used 2011 BMW 335d from a private seller in Staten Island, New York. Mr.
Messina paid approximately $15,000 for the vehicle aindi godiesel premium of at least $1500.
Mr. Messina purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissiongstem that, during normal driving conditions, exceeded the allowed
|l evel of pollutants such as NOx. BMWG&6s unfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Messina owff-pocket loss in the form of overpayment at the time of purchase of at
least $1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
controls during normal driving conditions, but did not disclose suxis ta their effects to Mr.
Messina, so Mr. Messina purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a fAclean diesel o and/or a filow em
standards, was properly ER&rtified, and wald retain all of its promised fuel economy and
performance throughout its useful life. Mr. Messina selected and ultimately purchased his
vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BM\Mr. Messina recalls that before he purchased the vehicle, he
reviewed advertisements on BMWO6s website tout
and performance of the engine. Had BMW or Bosch disclosed this design or the fact that the
vehicle actudy emitted unlawfully high levels of pollutants, Mr. Messina would not have
purchased the vehicle or would have paid less for it. Mr. Messina and each Class member has
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suffered an ascertainable | oss as a anekesult of
Defendant sé operation of a RICO enterprise as
including but not limited to a high premium for the BMW 335d engine compared to what they

would have paid for a ggsowered engine, owdf-pocket losses by overpayg for the vehicles at

the time of purchas@&leither BMW nor any of its agents, dealers, or other reptasives, or

Bosch informed Mr. Messina or Class members of the existence of the unlawfully high

emissions and/or defective nature of the diesel engine system of the Polluting Vehicles prior to
purchase.

b. Jesse White

55. PlaintiffJes e White (for the purpose of this |
individual residing in White House, Tennessee. On or around September 7, 2016, Mr. White
purchased a used 2011 BMW 335d from Gault Auto Sport in Endwell, New York. Mr. White
paid approximatel$s20,000 for the vehicle and paid a diesel premium of at least $1500. Mr.

White purchased and still owns this vehicle. Unknown to him at the time the vehicle was

purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditions, exceeded the allowed

|l evel of pollutants such as NOx. BMWG&6s wunfair
manufacturing, marketing, selling, and leasing the vehicle witwayter emission controls has

caused Mr. White oudf-pocket loss in the form of overpayment at the time of purchase of at

least $1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
controls during normal driving conditionstdid not disclose such facts or their effects to Mr.

White, so Mr. White purchased his vehicle on the reasonable but mistaken belief that his vehicle
was a fAclean dieselo and/or a Al ow emission d
was propest EPA-certified, and would retain all of its promised fuel economy and performance
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throughout its useful life. Mr. White selected and ultimately purchased his vehicle, in part,

because of the diesel system, as represented through advertisements andagpnesmade by

BMW. Mr. White recalls that before he purchased the vehicle, he reviewed advertisements on
BMW6s website and representations from the de
and power and performance of the engine. Had BMW oriBdsclosed this design or the fact

that the vehicle actually emitted unlawfully high levels of pollutants, Mr. White would not have
purchased the vehicle or would have paid less for it. Mr. White and each Class member has

suffered an ascertainable losssasr esul t of BMW6s omi ssions and/
Defendant sé operation of a RICO enterprise as
including but not limited to a high premium for the BMW 335d engine compared to what they

would have paid foa gaspowered engine, owdf-pocket losses by overpaying for the vehicles at

the time of purchas@&leither BMW nor any of its agents, dealers, or other representatives, or

Bosch informed Mr. White or Class members of the existence of the unlawfully high emissions
and/or defective nature of the diesel engine system of the Polluting Vehicles prior to purchase

16. North Carolina Plaintiffs
a. Seth Davis

56. Pl aintiff Seth Davis (for the purpose o
residing in Lexington, North Carolina. On or around March 12, 2017, Mr. Davis purchased a
used 2011 BMWB35d from Webber Automotive in Lexington, North Carolina. Mr. Davis paid
approximately $16,000 for the vehicle and paid a diesel premium of at least $1500. Mr. Davis
purchased and still owns this vehicle. Unknown to him at the time the vehicle was pdr¢has
vehicle only achieved its promised fuel economy and performance because it was equipped with
an emissions system that, during normal driving conditions, exceeded the allowed level of
poll utants such as NOx. B MWadsct in dedigaingr unl awf u
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manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Davis outf-pocket loss in the form of overpayment at the time of purchase of at

least $1500. BMW and Bosch knew about, or resffiedisregarded, the inadequate emission

controls during normal driving conditions, but did not disclose such facts or their effects to Mr.

Davis, so Mr. Davis purchased his vehicle on the reasonable but mistaken belief that his vehicle
was a fNdloeamddioease il ow emi ssion diesel, 0 comn
was properly EPAcertified, and would retain all of its promised fuel economy and performance
throughout its useful life. Mr. Davis selected and ultimately purchased his vehigéet,in

because of the diesel system, as represented through advertisements and representations made by
BMW. Mr. Dauvis recalls that before he purchased the vehicle, he reviewed advertisements on
BMW6s website and r epr es e nthaefficiemay,Juelfecomomy, t he de
and power and performance of the engine. Had BMW or Bosch disclosed this design or the fact

that the vehicle actually emitted unlawfully high levels of pollutants, Mr. Davis would not have
purchased the vehicle or would hawadless for it. Mr. Davis and each Class member has
suffered an ascertainable | oss as a result of
Defendant sé operation of a RICO enterprise as
including but not limied to a high premium for the BMW 335d engine compared to what they

would have paid for a ggsowered engine, owdf-pocket losses by overpaying for the vehicles at

the time of purchas@&leither BMW nor any of its agents, dealers, or other representatives, or

Bosch informed Mr. Davis or Class members of the existence of the unlawfully high emissions
and/ordefective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

b. Miguel Fragoso

57 Pl aintiff Miguel Fragoso (for the purpo

individual residing in Apex, North Carolina. On or around February 4, 2013, Mr. Fragoso
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purchased a used 2010 BMW X5 Diesel from Leith BMW in Raleigh, North Carolina. Mr.

Frageso paid approximately $45,249 for the vehicle and paid a diesel premium of at least $1500.

Mr. Fragoso sold this vehicle in May 2014. On or around September 29, 2017, Mr. Fragoso
purchased a used 2014 BMW 535d from Carvana. Mr. Fragoso paid approxin3atelygsfor

the vehicle and paid a diesel premium of at least $1500. Mr. Fragoso purchased and still owns

this vehicle. Mr. Fragoso also purchased an extended warranty for the 2014 BMW 535d from

Leith BMW for $4300. Unknown to him at the time he purchaked2010 BMW X5 Diesel and

the 2014 BMW 535d, these vehicles only achieved the promised fuel economy and performance
because they were equipped with emissions systems that, during normal driving conditions,

exceeded the allowed level of pollutants sucN&x . BMW&6s unfair, unl awf u
conduct in designing, manufacturing, marketing, selling, and leasing these vehicles without

proper emission controls has caused Mr. Fragosofepicket loss in the form of overpayment

at the time of purchase af least $1500 for each vehicle. BMW and Bosch knew about, or

recklessly disregarded, the inadequate emission controls during normal driving conditions, but

did not disclose such facts or their effects to Mr. Fragoso, so Mr. Fragoso purchased these

vehicls on the reasonabl e but mistaken belief th:
emi ssion diesels, 0 they complied w-cettified U. S. em
and would retain all of their promised fuel economy and performance throupkouigeful

lives. Mr. Fragoso selected and ultimately purchased these vehicles, in part, because of the diesel
system, as represented through advertisements and representations made by BMW. Mr. Fragoso
recalls that before he purchased the vehicles,heeewe d adverti sements on E
touting the efficiency, fuel economy, and power and performance of their engines. Had BMW or

Bosch disclosed this design or the fact that the vehicles actually emitted unlawfully high levels
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of pollutants, Mr. Fragoswould not have purchased the vehicles or would have paid less for

them. Mr. Fragoso and each Class member has suffered an ascertainable loss as a result of
BMW6s omi ssions and/ or misrepresentations and
associateavith the BMW diesel engine system, including but not limited to a high premium for

the BMW X5 Diesel and BMW 535d engines compared to what they would have paid fer a gas
powered engine, owutf-pocket losses by overpaying for the vehicles at the time chpee

Neither BMW nor any of its agents, dealers, or other representatives, or Bosch informed Mr.

Frago® or Class members of the existence of the unlawfully high emissions and/or defective

nature of the diesel engine system of the Polluting Vehicles prior to purchase.

17. Ohio Plaintiff s
a. Tahani Ibrahim

58. Plaintiff Tahani Ibrahim (forthe ur pose of this paragraph,
individual residing in Rocky River, Ohio. On or around May 2016, Ms. Ibrahim purchased a
used 2010 BMW X5 35d from Nick Mayer Lincoln Mercury Inc. in Westlake, Ohio. Ms.
Ibrahim paid approximately $24,000.06r the vehicle and paid a diesel premium of at least
$1500. Ms. Ibrahim purchased and still owns this vehicle. Unknown to him at the time the
vehicle was purchased, the vehicle only achieved its promised fuel economy and performance
because it was equipp®dth an emissions system that, during normal driving conditions,
exceeded the all owed | evel of pollutants such
conduct in designing, manufacturing, marketing, selling, and leasing the vehicle without proper
emission controls has caused Ms. Ibrahim-ofipocket loss in the form of overpayment at the
time of purchase of at least $15@0d based upon other diesel cases expert analysis will show
overpayment in excess of $5,0BMW and Bosch knew about, or reckity disregarded, the
inadequate emission controls during normal driving conditions, but did not disclose such facts or
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their effects to Ms. Ibrahim, so Ms. Ibrahim purchased his vehicle on the reasonable but

mi staken belief thatesheilso vaenhdi/colre awafsl oaw fiecnhiesasni
with U.S. emissions standards, was properly ERAified, and would retain all of its promised

fuel economy and performance throughout its useful life. Ms. Ibrahim selected and ultimately
purchased his veH, in part, because of the diesel system, as represented through

advertisements and representations made by BMW. Ms. Ibrahim recalls that before he purchased
the vehicle, he reviewed advertisements on BM
dealershigouting the efficiency, fuel economy, and power and performance of the engine. Had

BMW or Bosch disclosed this design or the fact that the vehicle actually emitted unlawfully high
levels of pollutants, Ms. Ibrahim would not have purchased the vehicleudd Wwave paid less

for it. Ms. Ibrahim and each Class member has suffered an ascertainable loss as a result of
BMW6s omi ssions and/or misrepresentations and
associated with the BMW diesel engine system, includirtghot limited to a high premium for

the BMW X5 35d engine compared to what they would have paid for-payeered engine, out

of-pocket losses by overpaying for the vehicles at the time of purdiesleer BMW nor any of

its agents, dealers, or other representatives, or Bosch informed Ms. Ibrahim or Class members of

the existence of the unlawfully high e&sions and/or defective nature of the diesel engine

system of the Polluting Vehicles prior to purchase.

b. lon Niculescu

5. Plaintiff lon Niculescu (for the purpos
individual residing in Parma Hghts, Ohio. On or around June 29, 2010, Mr. Niculescu
purchased a new 2011 BMW 335d from Ganley BMW, an authorized BMW dealer in
Middleburg Heights, Ohio. Mr. Niculescu paid approximately $55,400 for the vehicle and paid a
diesel premiunof at least $1500Mr. Niculescu purchased and still owns this vehicle. Unknown
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to him at the time the vehicle was purchased, the vehicle only achieved its promised fuel

economy and performance because it was equipped with an emissions system that, during normal
drivingcnmdi ti ons, exceeded the all owed | evel of p
unlawful, and deceptive conduct in designing, manufacturing, marketing, selling, and leasing the
vehicle without proper emission controls has caused Mr. Niculesenf-gaicket bss in the

form of overpayment at the time of purchase of at least $@Dbased upon analysis of

similar cases overpayment damages will exceed $10,000 at the time of expert disdBduves

and Bosctknew about, or recklessly disregarded, the inadegemission controls during

normal driving conditions, but did not disclose such facts or their effects to Mr. Niculescu, so

Mr. Niculescu purchased his vehicle on the reasonable but mistaken belief that his vehicle was a
Acl ean diesel cooandieseda, Bl comemi esdi with U.S.
properly EPAcertified, and would retain all of its promised fuel economy and performance
throughout its useful life. Mr. Niculescu selected and ultimately purchased his vehicle, in part,
because ofite diesel system, as represented through advertisements and representations made by
BMW. Mr. Niculescu recalls that before he purchased the vehicle, he reviewed advertisements

on BMW6és website and representati tuelscofromypm t he
and power and performance of the engine. Had BdM\Boschdisclosed this design or the fact

that the vehicle actually emitted unlawfully high levels of pollutants, Mr. Niculescu would not

have purchased the vehicle or would have paid less Mdr. Niculescu and each Class member

has suffered an ascertainable | oss as a resul
Defendantsd operation of a RIdéeglengimetsystenpr i se as
including but not limited t@ high premium for the BMW 335d engine compared to what they

would have paid for a ggsowered engine, owdf-pocket losses by overpaying for the vehicles at
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the time of purchas@&leither BMW nor any of its agents, dealers, or other representatives
Boschinformed Mr. Niculescu or Class members of the existence of the unlawfully high
emissions and/or defective nature of the diesel engine system of the Polluting Vehicles prior to
purchase.

C. Mark Smith

Plaintiff Mark Smith (for the purpose of this paragrapi? | ai nt i ff o) i s an i
residing in Columbus, Ohio. On or around November 2013, Mr. Smith purchased a new 2012
BMW X5 35d from Dave Walter, Inc. (how known as BMW of Akron) in Akron, Ohio. Mr.
Smith paid approximately $49,500.00 for the vehicle aid p diesel premium of at least
$1500. Mr. Smith purchased and still owns this vehicle. Unknown to him at the time the vehicle
was purchased, the vehicle only achieved its promised fuel economy and performance because it
was equipped with an emissionstsys that, during normal driving conditions, exceeded the
all owed | evel of pollutants such as NOx. B MW©O
designing, manufacturing, marketing, selling, and leasing the vehicle without proper emission
controls has assed Mr. Smith oubf-pocket loss in the form of overpayment at the time of
purchase of at least $1500, and based upon other diesel cases expert analysis will show
overpayment in excess of $5,0@Md based upon analysis of similar cases overpayment
damags will exceed $10,000 at the time of expert disclosilB&WN and Bosch knew about, or
recklessly disregarded, the inadequate emission controls during normal driving conditions, but
did not disclose such facts or their effects to Mr. Smith, so Mr. Smitthased his vehicle on
the reasonabl e but mistaken belief that his v
diesel, 0 complied with U.S. -certifiecdsand wouldseta;mmt andar
all of its promised fuel economy and perfamee throughout its useful life. Mr. Smith selected
and ultimately purchased his vehicle, in part, because of the diesel system, as represented
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through advertisements and representations made by BMW. Mr. Smith recalls that before he
purchased the vehicle,e r evi ewed adverti sements on BMWOGs
the dealership touting the efficiency, fuel economy, and power and performance of the engine.

Had BMW or Bosch disclosed this design or the fact that the vehicle actually emitted uglawful

high levels of pollutants, Mr. Smith would not have purchased the vehicle or would have paid

less for it. Mr. Smith and each Class member has suffered an ascertainable loss as a result of
BMW6s omissions and/ or mi sr eopnroeaRECO entetpiise ns and
associated with the BMW diesel engine system, including but not limited to a high premium for

the BMW X5 35d engine compared to what they would have paid for-payeered engine, out
of-pocket losses by overpaying for the vehiadethe time of purchasbleither BMW nor any of

its agents, dealers, or other representatives, or Bokerimed Mr. Smith or Class members of

the existence of the unlawfully high emissions and/or defective nature of the diesel engine

system of the Polluting Vehicles prior to purchase.

18.  Oregon Plaintiff
a. Tom Hoffman

60. Plaintiff Tom Hoffman (f or the purpose of this par
individual residing in Portland, Oregon. On or around July 1, 2016, Mr. Hoffman purchased a
used 2011 BMW 335d from Toyota of Portland in Portland, Oregon. Mr. Hoffman paid
approximately $18,500 fdhe vehicle and paid a diesel premium of at least $1500. Mr.
Hoffman purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equippedvith an emissions system that, during normal driving conditions, exceeded the allowed
| evel of pollutants such as NOx. BMW6és wunfair
manufacturing, marketing, selling, and leasing the vehicle without propssiemcontrols has
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caused Mr. Hoffman outf-pocket loss in the form of overpayment at the time of purchase of at

least $1500. BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
controls during normal driving conditions, but didt disclose such facts or their effects to Mr.

Hoffman, so Mr. Hoffman purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a Adclean diesel o and/or a Al ow em
standards, was properlyPB-certified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Hoffman selected and ultimately purchased his

vehicle, in part, because of the diesel system, as represented through advertisements and
represetations made by BMW. Mr. Hoffman recalls that before he purchased the vehicle, he
reviewed advertisements on BMW6s website and
efficiency, fuel economy, and power and performance of the engine. Had BMWalr Bos

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Hoffman would not have purchased the vehicle or would have paid less for it. Mr.
Hoffman and each Class member has suffered an ascertaimlslelmas a result of B
omi ssions and/ or misrepresentations and Def en
with the BMW diesel engine system, including but not limited to a high premium for the BMW

335d engine compared to what they would have foa a gaspowered engine, owutf-pocket

losses by overpaying for the vehicles at the time of purchisthner BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Mr. Hoffman or Class members of

the existence of the unlawfully high emissions and/or defective nature of the diesel engine

system of the Polluting Vehicles prior targhase.
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19. Pennsylvania Plaintiff
a. Gary Reising

61. Pl aintiff Gary Reising (for the purpose
individual residing in Chalfont, Pennsylvania. On or around May 28, 2016, Mr. Reising
purchased a used 20BMW 335d from Philly Auto in Philadelphia, Pennsylvania. Mr. Reising
paid approximately $26,000 for the vehicle and paid a diesel premium of at least $1500. Mr.
Reising purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditions, exceeded the allowed
l evel of pollutants such as NQ@onductBdesignsg, unf air
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Reising owutf-pocket loss in the form of overpayment at the time of purchase of at
least $1500and based upon other diesates expert analysis will show overpayment in excess
of $5,000 BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Reising, so MrReising purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a fAclean diesel o and/or a filow em
standards, was properly ER&rtified, and would retain all of its promised fuel econ@ng
performance throughout its useful life. Mr. Reising selected and ultimately purchased his
vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BMW. Mr. Reising recalls that before he puldhaseehicle, he
reviewed advertisements on BMW6s website and
touting the efficiency, fuel economy, and power and performance of the engine. HacbbBMW
Boschdisclosed this design or the fact that the vehictaaly emitted unlawfully high levels of
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pollutants, Mr. Reising would not have purchased the vehicle or would have paid less for it. Mr.
Reising and each Class member has suffered an
omissions and/or misrepresentai ns and Def endantsd operation o0
with the BMW dieselengine system, including but not limited to a high premium for the BMW

335d engine compared to what they would have paid for-pgasred engine, owtdf-pocket

losses by ogrpaying for the vehicles at the time of purchase, and future attempted repairs, future
additional fuel costs, decreased performance of the veloisteEsa repair to the emissions

system is madéNeither BMW nor any of its agents, dealers, or other reptasees or Bosch

informed Mr. Reising or Class members of the existence of the unlawfully high emissions and/or
defective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

20. Tennessee Plaintiff
a. James Turner

62. Pl aintiff James Turner (for the purpose
individual residing in Franklin, Tennessee. On or around December 2011, Mr. Turner purchased
a new 2011 BMW 335d from Peoria BMW, in Peoria, lllinois. Mr. Turner paidoxopately
$47,500 for the vehicle and paid a diesel premium of at least $1500. Mr. Turner purchased and
still owns this vehicle. Unknown to him at the time the vehicle was purchased, the vehicle only
achieved its promised fuel economy and performanceubedawas equipped with an emissions
system that, during normal driving conditions, exceeded the allowed level of pollutants such as
NOXx . BMW6s wunfair, unl awful , and deceptive co
selling, and leasing the vehaclvithout proper emission controls has caused Mr. Turnesfeut
pocket loss in the form of overpayment at the time of purchase of at least $h80fased upon
analysis of similar cases overpayment damages will exceed $10,000 at the time of expert
disclosures BMW and Bosch knew about, or recklessly disregarded, the inadequate emission
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controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Turner, so Mr. Turner purchased his vehicle on the reasonable but mibtief that his

vehicle was a fAclean diesel o and/or a Al ow em
standards, was properly EPgertified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Turneresétd and ultimately purchased his vehicle,

in part, because of the diesel system, as represented through advertisements and representations
made by BMW. Mr. Turner recalls that before he purchased the vehicle, he reviewed
advertisement s ndnepré&dhiiions frenetieslealership souting the

efficiency, fuel economy, and power and performance of the engine. Had BMW or Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Turner wodl not have purchased the vehicle or would have paid less for it. Mr.
Turner and each Class member has suffered an
omi ssions and/ or misrepresentations and Def en
with theBMW diesel engine system, including but not limited to a high premium for the BMW

335d engine compared to what they would have paid for-pgasred engine, owutf-pocket

losses by overpaying for the vehicles at the time of purchisthner BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Mr. Turner or Class members of the
existence of the unlawfully high emissions and/or defective nature of the diesel engine system of

the Polluting Vehicles prior to purchase.

21.  Texas Plaintiffs
a. Salomon Campos
63.  Plaintiff Salomon Campos (for the purpose of this paragfagh] ai nt i f f o) i
individual residing in Harlingen, Texas. On or around March 2015 Mr. Campos purchased a
certified preowned 2012 BMW X5 Diesel from BMW of Corpus Christi, located in Corpus
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Christi, Texas. Mr. Campos paid approximately $38,000 for ¢hécle and paid a diesel

premium of at least $1500. Mr. Campos purchased and still owns this vehicle. Unknown to him

at the time the vehicle was purchased, the vehicle only achieved its promised fuel economy and
performance because it was equipped witkerrssions system that, during normal driving
conditions, exceeded the all owed | evel of pol
deceptive conduct in designing, manufacturing, marketing, selling, and leasing the vehicle

without proper emission otrols has caused Mr. Campos-of{pocket loss in the form of

overpayment at the time of purchase of at least $§1&t based upon analysis of similar cases
overpayment damages will exceed $10,000 at the time of expert discl&Midsand Bosch

knew abait, or recklessly disregarded, the inadequate emission controls during normal driving
conditions, but did not disclose such facts or their effects to Mr. Campos so Mr. Campos

purchased his vehicle on the reasonable but mistaken belief that his vehielewas | ean di es
and/ or a filow emission diesel, 0 compl-ied with
certified, and would retain all of its promised fuel economy and performance throughout its

useful life. Mr. Campos selected and ultimately purchasegehicle, in part, because of the

diesel system, as represented through advertisements and representations made by BMW. Mr.
Campos recalls that before he purchased the vehicle, he reviewed representations from the
dealership touting the efficiency, fustonomy, and power and performance of the engine. Had

BMW or Bosch disclosed this design or the fact that the vehicle actually emitted unlawfully high
levels of pollutants, Mr. Campos would not have purchased the vehicle or would have paid less

for it. Mr. Campos and each Class member has suffered an ascertainable loss as a result of
BMW6s omi ssions and/ or misrepresentations and

associated with the BMW diesel engine system, including but not limited to a highupréon

-61-
01073311/1053639/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 74 of 459 PagelD: 2881

the BMW X5 Diesel engine compared to what they would have paid forpogered engine,
out-of- pocket losses by overpaying for the vehicles at the time of purdidesieer BMW nor

any of its agents, dealers, or other representatives, or Bosch informed Mr. Campos or Class
members of the existence of the unlawfully high emissions and/or defective nathe diesel
engine system of the Polluting Vehicles prior to purchase.

b. Brian Hembling

64. Pl aintiff Brian Hembling (for the purpo
individual residing in San Antonio, Texas. On or aroblodyember 25, 2014, Mr. Hembling
purchased a used 2011 BMW 335d from Bluebonnet Chrysler Dodge Ram in New Braunfels,
Texas. Mr. Hembling paid approximately $29,000.0 for the vehicle and paid a diesel premium of
at least $1500. Mr. Hembling purchased antiatins this vehicle. Unknown to him at the time
the vehicle was purchased, the vehicle only achieved its promised fuel economy and
performance because it was equipped with an emissions system that, during normal driving
conditions, exceeded the allowegtle | of pol |l utants such as NOx.
deceptive conduct in designing, manufacturing, marketing, selling, and leasing the vehicle
without proper emission controls has caused Mr. HemblingBpocket loss in the form of
overpayment ahe time of purchase of at least $1580d based upon other diesel cases expert
analysis will show overpayment in excess of $5,MW and Bosch knew about, or recklessly
disregarded, the inadequate emission controls during normal driving conditiod&] bat
disclose such facts or their effects to Mr. Hembling, so Mr. Hembling purchased his vehicle on
the reasonabl e but mistaken belief that his v
diesel, 0 complied with perlyEPAcertifiedsaad wouldseta;mmt andar
all of its promised fuel economy and performance throughout its useful life. Mr. Hembling
selected and ultimately purchased his vehicle, in part, because of the diesel system, as
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represented through advertisements r@pidesentations made by BMW. Mr. Hembling recalls

t hat before he purchased the vehicle, he revi
representations from the dealership touting the efficiency, fuel economy, and power and
performance of the engine. Had/iBV or Bosch disclosed this design or the fact that the vehicle
actually emitted unlawfully high levels of pollutants, Mr. Hembling would not have purchased

the vehicle or would have paid less for it. Mr. Hembling and each Class member has suffered an
ascet ai nable | oss as a result of BMWG6s omission
operation of a RICO enterprise associated with the BMW diesel engine system, including but not
limited to a high premium for the BMW 335d engine compared to what thaldwave paid for

a gaspowered engine, owutdf-pocket losses by overpaying for the vehicles at the time of
purchaseNeither BMW nor any of its agents, dealers, or other representatives, or Bosch

informed Mr. Hembling or Class members of the existence of the unlawfully high emissions

and/or defective nature of the diesel engine system of the Polluting \&piae to purchase.

C. Dean Werner

65. Pl aintiff Dean Werner (for the purpose
individual residing in Panhandle, Texas. On or around July 28, 2014, Mr. Werner purchased a
2011 BMW X5 Diesel from Momentum BMW, located in Houston, Texas. Mr. Werner paid
approxmately $32,900 for the vehicle and paid a diesel premium of at least $1500. Mr. Werner
purchased and still owns this vehicle. Unknown to him at the time the vehicle was purchased, the
vehicle only achieved its promised fuel economy and performance bécaaseequipped with
an emissions system that, during normal driving conditions, exceeded the allowed level of
poll utants such as NOx. BMWo6s wunfair, unlawfu
manufacturing, marketing, selling, and leasing the vehitleowt proper emission controls has
caused Mr. Werner owtf-pocket loss in the form of overpayment at the time of purchase of at
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least $1500and based upon other diesel cases expert analysis will show overpayment in excess
of $5,000 BMW and Bosch knewksut, or recklessly disregarded, the inadequate emission

controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Werner so Mr. Werner purchased his vehicle on the reasonable but mistaken belief that his
vehiclews a fAcl ean diesel o and/or a filow emission
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Werner selected and ultimately pedchias

vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BMW. Mr. Werner recalls that before he purchased the vehicle, he
revi ewed advertisements on BMWadealershiptbwingthe and
efficiency, fuel economy, and power and performance of the engine. Had BMW or Bosch
disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of
pollutants, Mr. Werner would not have purchased thécleebr would have paid less for it. Mr.
Werner and each Class member has suffered an
omi ssions and/ or misrepresentations and Def en
with the BMW diesel engine systemgciuding but not limited to a high premium for the BMW

X5 Diesel engine compared to what they would have paid for-am@asred engine, ouif-

pocket losses by overpaying for the vehicles at the time of purdieiseer BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Mr. Werner or Class members of the
existence of the unlawily high emissions and/or defective nature of the diesel engine system of

the Polluting Vehicles prior to purchase.

d. Lukas Wildner

66. Pl aintiff Lukas Wildner (for the purpos

individual residingm Palos Hills, Illinois. On or around April 2012, Mr. Wildner purchased a
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used 2011 BMW 335d from Insurance Auto Auctions Inc. in Austin, Texas. Mr. Wildner paid
approximately $27,000.00 for the vehicle and paid a diesel premium of at least $1500. Mr.

Wildner purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditiacegaded the allowed

|l evel of pollutants such as NOx. BMWG&6s unfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Wildner oubf-pocket loss in the fon of overpayment at the time of purchase of at

least $1500and based upon other diesel cases expert analysis will show overpayment in excess

of $5,000 BMW and Bosch knew about, or recklessly disregarded, the inadequate emission

controls during normal dring conditions, but did not disclose such facts or their effects to Mr.
Wildner, so Mr. Wildner purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a fAclean diesel o and/or a filow em
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
performance throughout its useful life. Mr. Wildner selected and ultimately purchased his

vehicle, in part, because of the diesel system, as represented threedisechents and

representations made by BMW. Mr. Wildner recalls that before he purchased the vehicle, he
reviewed advertisements on BMW6s website and
efficiency, fuel economy, and power and performancé®®ngine. Had BMW or Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Wildner would not have purchased the vehicle or would have paid less for it. Mr.
Wildner and each Class memberhagsefr ed an ascertainable | oss a

omi ssions and/ or misrepresentations and Def en
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with the BMW diesel engine system, including but not limited to a high premium for the BMW
335d engine compared what they would have paid for a gaswered engine, owdf-pocket
losses by overpaying for the vehicles at the time of purchisther BMW nor any of its
agents, dealers, or other representatives, or Bosch informed Mr. Wildner or Class members of the
existence of the unlawfully high emissions and/or defective nature of the diesel engine system of
the Polluting Vehicles prior to purchase.

22.  Virginia Plaintiff

a. Alfredo Arias

67. Pl aintiff Alfredo Arias (for the pur
individual residing in Midlothian, Virginia. On or around May 1, 2015, Mr. Arias
purchased a certified prewned 2012 BMW X5 35d from Richmond BMW in
Midlothian, Virginia. Mr. Arias paid approximately $38,000.00 for the vehicle and paid a
diesel premium of at least $1500. Mr. Arias purchased and still owns this vehicle.
Unknown to him athe time the vehicle was purchased, the vehicle only achieved its
promised fuel economy and performance because it was equipped with an emissions
system that, during normal driving conditions, exceeded the allowed level of pollutants,
such as NO fair, unBaMGasd deceptive conduct in designing,
manufacturing, marketing, selling, and leasing the vehicle without proper emission
controls has caused Mr. Arias eaftpocket loss in the form of overpayment at the time
of purchase of at least $15G0d based upon analysis of similar cases overpayment damages
will exceed $10,000 at the time of expert disclosulB8W and Bosch knew about, or

recklessly disregarded, the inadequate emission controls during normal driving
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conditions, but did not discloseich facts or their effects to Mr. Arias, so Mr. Arias
purchased his vehicle on the reasonabl e bu
di esel 06 and/ or a Al ow emission diesel, o0 co
properly EPAcertified, andvould retain all of its promised fuel economy and

performance throughout its useful life. Mr. Arias selected and ultimately purchased his
vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BMWIr. Arias recalls that before he purchased the vehicle, he
reviewed advertisements on BMWO0s website a
touting the efficiency, fuel economy, and power and performance of the engine. Had

BMW or Bosch disclosed this dga or the fact that the vehicle actually emitted

unlawfully high levels of pollutants, Mr. Arias would not have purchased the vehicle or

would have paid less for it. Mr. Arias and each Class member has suffered an
ascertainabl e | o smissians and/or misrepredentatiang andd MWO s 0
Defendantsdé operation of a RICO enterprise
system, including but not limited to a high premium for the BMW X5 35d engine

compared to what they would have paid for apg@asered egine, outof-pocket losses

by overpaying for the vehicles at the time of purchBisither BMW nor any oits

agents, dealers, or other representatives, or Bosch informed Mr. Arias or Class members

of the existence of the unlawfully high emissions and/or defective nature of the diesel

engine system of the Polluting Vehicles prior to purchase.

23.  Washington Plaintiffs
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a. Kyle Kern

68. Pl aintiff Kyle Kern (for the purpose of
residing in Bonney Lake, Washington. On or around March 2016, Mr. Kern purchased a certified
preowned 2012 BMW X5 Diesel from &initive Motors, located in Bellevue, Washington. Mr.

Kern paid approximately $35,000 for the vehicle and paid a diesel premium of at least $1500.

Mr. Kern purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the Wécle only achieved its promised fuel economy and performance because it was
equipped with an emissions system that, during normal driving conditions, exceeded the allowed

|l evel of pollutants such as NOx. BMWOlIgy, unfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Kern oubf-pocket loss in the form of overpayment at the time of purchase of at least
$150Q and based upon analysis of similar cases ayengnt damages will exceed $10,000 at

the time of expert disclosureBMW and Bosch knew about, or recklessly disregarded, the
inadequate emission controls during normal driving conditions, but did not disclose such facts or
their effects to Mr. Kern so MKern purchased his vehicle on the reasonable but mistaken belief
that his vehicle was a ficlean diesel o0 and/ or
emissions standards, was properly E€84tified, and would retain all of its promised fuel

economy ad performance throughout its useful life. Mr. Kern selected and ultimately purchased
his vehicle, in part, because of the diesel system, as represented through advertisements and
representations made by BMW. Mr. Kern recalls that before he purchasezhitie vhe

reviewed representations from the dealership touting the efficiency, fuel economy, and power

and performance of the engine. Had BMW or Bosch disclosed this design or the fact that the
vehicle actually emitted unlawfully high levels of pollutaris. Kern would not have purchased

the vehicle or would have paid less for it. Mr. Kern and each Class member has suffered an
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ascertainable | oss as a result of BMWO6s omiss
operation of a RICO enterprise asstbed with the BMW diesel engine system, including but not

limited to a high premium for the BMW X5 Diesel engine compared to what they would have

paid for a gagpowered engine, owdf-pocket losses by overpaying for the vehicles at the time of
purchaseNeither BMW nor any of its agents, dealers, or other representatives, or Bosch

informed Mr. Kern or Class embers of the existence of the unlawfully high emissions and/or
defective nature of the diesel engine system of the Polluting Vehicles prior to purchase.

b. John Saviano

69. Pl aintiff John Saviano (fiomt itthfed)p uirpoasr
individual residing in Hermon, Maine. On or around June 30, 2016, Mr. Saviano purchased a
used 2011 BMW 335d from Roy Robinson Chevrolet in Marysville, Washington. Mr. Saviano
paid approximately $21,685.00 for the vehicle and paid a dieselipm of at least $1500. Mr.
Saviano purchased and still owns this vehicle. Unknown to him at the time the vehicle was
purchased, the vehicle only achieved its promised fuel economy and performance because it was
equipped with an emissions system thatjrdpunormal driving conditions, exceeded the allowed
|l evel of pollutants such as NOx. BMWGO6s unfair
manufacturing, marketing, selling, and leasing the vehicle without proper emission controls has
caused Mr. Saano outof-pocket loss in the form of overpayment at the time of purchase of at
least $1500and based upon other diesel cases expert analysis will show overpayment in excess
of $5,000 BMW and Bosch knew about, or recklessly disregarded, the inadequiatéom
controls during normal driving conditions, but did not disclose such facts or their effects to Mr.
Saviano, so Mr. Saviano purchased his vehicle on the reasonable but mistaken belief that his
vehicle was a ficl ean dieels,ed oc cammpdl/ioerd awiftl ho wJ.eSn
standards, was properly ER&rtified, and would retain all of its promised fuel economy and
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performance throughout its useful life. Mr. Saviano selected and ultimately purchased his

vehicle, in part, because of the diesgdtem, as represented through advertisements and
representations made by BMW. Mr. Saviano recalls that before he purchased the vehicle, he
reviewed advertisements on BMW6s website and
efficiency, fuel econmy, and power and performance of the engine. Had BMW or Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Mr. Saviano would not have purchased the vehicle or would have paid less for it. Mr.

Sav ano and each Class member has suffered an a
omi ssions and/ or misrepresentations and Def en
with the BMW diesel engine system, including but not limited to a high prefduthe BMW

335d engine compared to what they would have paid for-pgasred engine, owdf-pocket

losses by overpaying for the vehicles at the time of purchisthner BMW nor any of its

agents, dealers, or other representatives, or Bosch informed Mr. Saviano or Class members of the
existence of the unlawfully high emissions and/or defective nature afi¢sel engine system of

the Polluting Vehicles prior to purchase.

24.  Wisconsin Plaintiffs
a. Erica Olson and Eric Stenglein

70.  Plaintiffs Erica Olson and Eric Stenglein (for the purpose of this paragraph,
APl aintiffsod) are individuals residing in DekF
Olson and Mr. Stenglein jointly leased a 2013 BMW X5 Diesel from Zimbrick BMW, |ddate
Madison, Wisconsin. Unknown to Plaintiffs at the time the vehicle was leased, the vehicle only
achieved its promised fuel economy and performance because it was equipped with an emissions
system that, during normal driving conditions, exceeded tbevedl level of pollutants such as
NOXx . BMW6s wunfair, unl awful , and deceptive co
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selling, and leasing the vehicle without proper emission controls has caused Plainbtfts out

pocket loss in the form of overpaymtaduring the time of the lease. BMW and Bosch knew

about, or recklessly disregarded, the inadequate emission controls during normal driving

conditions, but did not disclose such facts or their effects to Plaintiffs so Plaintiffs leased the
vehicleonthe easonabl e but mistaken belief that the
emi ssion diesel, 0 complied wit h-catified,,ande mi ssi on
would retain all of its promised fuel economy and performance throughout its lifeeful

Plaintiffs selected and ultimately leased the vehicle, in part, because of the diesel system, as
represented through advertisements and representations made by BMW. Plaintiffs recall that

before they leased the vehicle, they reviewed represergdtam the dealership touting the

efficiency, fuel economy, and power and performance of the engine. Had BMW or Bosch

disclosed this design or the fact that the vehicle actually emitted unlawfully high levels of

pollutants, Plaintiffs would not have leagbé vehicle or would have paid less fqoraihd based

upon analysis of similar cases overpayment damages will exceed $10,000 at the time of expert
disclosuresPlaintiffs and each Class member have suffered an ascertainable loss as a result of
BMWG6s ioomms sand/ or misrepresentations and Def el
associated with the BMW diesel engine system, including but not limited to a high premium for

the BMW X5 Diesel engine compared to what they would have paid forpogeered enige

and outof-pocket losses by overpaying for the vehicles at the time of purchase or lease. Neither
BMW nor any of its agents, dealers, or other representatives, or Bosch informed Plaintiffs or

Class members of the existence of the unlawfully high eamssand/or defective nature of the

diesel engine system of the Polluting Vehicles prior to purchase or lease.
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B. Defendants
1. BMW North America LLC (ABMW USAO0)

71. BMW USA is a corporation doing business in all 50 states and the Didtrict o
Columbia, and is organized under the laws of the State of Delaware, with its principal place of
business in Woodcliff Lake, New Jersey.

72.  Atall times relevant to this action, BMW USA manufactured, sold, and warranted
the Polluthg BMW USA Vehicles throughout the United States. BMW USA and BMW AG
and/or its agents, divisions, or subsidiaries designed, manufactured, and installed the diesel
engine systems on the Polluting BMW Vehicles. BMW USA also developed and disseminated
theowner 6s manual s, supplements, warranty bookI e
materials relating tthe Polluting BMW VehiclesBMW USA, with the consent of BMW AG
provided these to its authorized dealers for the express purpose of having dhesepdess such
materials to potential purchasers at the point of sale. BMW USA and BMW AG also created,
designed, and disseminated information about the quality of the Polluting BMW Vehicles to
various agents of various publications for the express pagifdsaving that information reach
potential consumers.

2. Bayerische Motoren Werke Aktiengessellschaft

73.  Bayerische Motoren Werke Aktiengessellschaft (BMW AG), based in Munich,
Germany, is the parent company of the BMW Group. BMWi&& German company with its
principal place of business at Petuelring 130, 80809 Munich, Germany. The general purpose of
BMW AG is the development, production and sale of engines, eeguipped vehicles, related
accessories and products of the machiaey metalworking industry as well as the rendering
of services related to the aforementioned items. The BMW Group-digidied into the
Automotive, Motorcycles, Financial Services and Other Entities segments (the latter primarily
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comprising holding comanies and Group financing companieshe BMW Group operates on a
global scale and is represented in more than 150 countries worldwide. BMW AG supervised the
manufacturing and advertisements of BMW polluting vehicles in the USA.

3. The Bosch Defendants

74.  From at least 2005 until 2015, Robert Bosch GmbH, Robert Bosch LLC, and
currently unnamed Bosch employees (together,
in the creation, development, marketing, and sale of illegal defeadespecifically designed
to evade U.S. emissions requirements in vehicles sold solely in the United States and Europe.
These vehicles include the BMW vehicles in this case and the Dodge Ram 1500 EcoDiesel and
Jeep Grand Cherokee EcoDiesel, as well as laodade by Volkswagen, Audi, Porsche,

General Motors, and Mercedes.

75.  The following is a list, excluding the Polluting BMW Vehicles in this case, of all
diesel models in the United States with Besapplied software whose emissions exceed federal
and California emission standards and whose emissions are beyond what ableasmsumer

would expect fronvehiclesmar ket ed as fAcl eand or Al ow emi ssi
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VOLKSWAGEN:

FC/\ FIAT CHRYSLER: P
eep Grand Cherokee EcaDiesel 2014-16 Jeep @

Dodge Ram 1500 EcoDiesel 2014-16

m GENERAL MOTORS: CsvIC

F-250 Super Duty 2011-17

76.  The Bosch entities participated not just in the development of the defeat device,
but also in the scheme to prevent U.S. regulators from uncotetmg devi cebds true f
Moreover, each Bosch entitiesd participation
a collaboration described as unusually close). Rather, Bosch GmbH and Bosch LLC marketed
Afcl ean di es el 0andcoommunieateditsalf brehcougb tradetosganizations, with
the public and U. S. regul ators about the bene
activity for a mere supplier. This promotional activity helped create the demand for diesel
vehicles ad the premium sum vehicles commanded. These marketing efforts, taken together

with evidence of each Bosch entitiesd actual
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defeat device and participation in concealing the true functionality of the demice).S.

regulators, can be interpreted only one way under U.S. law: each Bosch entity was a knowing
andactive participant in a massigenspiracy with BMW, Volkswagen, Audi, Mercedes, Ford,
General Motors, and others to defraud U.S. consumers, regulana diesel car purchasers or
lessees. Bosch had a powerful motive in doing so. With new environmental regulations effective
in 2009, Bosch saw the enormous potential ofemC Diesel movement in the United Statesd
needed a tool to motivate as ngananufacturers as possible to use Bosch as a supplier. Bosch
was hugely successful. Bosch GmbH and Bosch LLC have enabled approximately two million
polluting diesel vehicles to be on the road in the United States polluting at levels that exceed
emissiors standards and which use software that manipulate emission controls in a manner not
expected by a reasonable consumer, and as manynas 20l i on cars i n Europe.
complicity has contributed to respiratory illness and death.

77. Robert Bosch GmbH is a German multinational engineering and electronics
company headquartered in Gerlingen, Germany. Robert Bosch GmbH is the parent company of
Robert Bosch LLC. Robert Bosch GmbH, directly and/or through its North American suhsidiary
Robert Bosch LLC, at all material times, designed, manufactured, and supplied elements of the
defeat device to BMW for use in the Polluting BMW Vehicles. Bosch GmbH is subject to the
personal jurisdiction of this Court because it has availed itself ddtvseof the United States
through its management and control over Bosch LLC and over the design, development,
manufacture, distribution, testing, and sale of hundreds of thousands of the defeat devices
installed in the Polluting BMW Vehicles sold or ledse the United States. Employees of Bosch
GmbH and Bosch LLC have collaborated in the emissions scheme with BMW in this judicial

district and have been present in this district.
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78. Robert Bosch LLC is a Delaware limited liabilityrapany with its principal
place of business located at 38000 Hills Tech Drive, Farmington Hills, Michigan. Robert Bosch
LLC is a wholly owned subsidiary of Robert Bosch GmbH. Robert Bosch LLC, directly and/or
in conjunction with its parent Robert Bosch Gmlaitiall material times, designed,
manufactured, and supplied elements of the defeat deViRld\é for use in the Polluting BMW
Vehicles.

79. Both Bosch GmbH and Bosch LLC (coll ecti
umbrella of the Bodt Group, which encompasses some 340 subsidiaries and companies. The
ABosch Groupo is divided into four business s
Technology), Industrial Technology, Consumer Goods, and Energy and Building Technology.

The Molility Solutions sector, which supplies parts to the automotive industry, and its Diesel

Systems division, which develops, manufacturers and applies diesel systems, are particularly at

issue here and include the relevant individuals at both Bosch GmbHoaedecBh L L C. Bosc h
sectors and divisions are grouped not by location, but by subject matter. Mobility Solutions

includes the individuals involved in the RICO enterprise and conspiracy at both Bosch GmbH

and Bosch LLC. Some individuals worked at both Bosc@@ nd Bosch GmbH during the

course of the RICO conspiracy. The acts of individuals described in this Complaint have been
associated with Bosch GmbH and Bosch LLC whenever possible. Regardless of whether an
individual works for Bosch LLC in the United S¢ator Bosch GmbH in Germany, the
individuals often hold themselves out as worKk

captured by Boschés mission statement: nWe ar
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entity and person within the Bosch Grouposch documents and press releases often refer to the
source of the document as ABoscho without i de
identity of which Bosch defendant was the author of such documents and press releases cannot

be ascertainedith certainty until Bosch GmbH and Bosch LLC respond to discovery requests in

this matter.

80. Bosch holds itself out to the world as
Systems division, which developed tBBC-17, is descriled as part of the Bosch Group. In the
case of the Mobility Solutions sector, which oversees the Diesel Systems Group, the Bosch
Group competes with other large automotive suppfiers.

81. The Bosch publicatioBosch in North Americeepr esent s t hat f@ABosc
...Cleandi esel fuel technology for cars and truck
North American operations, the comparfy refers

82. TheBosch in Mrth Americadocument proclaims that Automotive Technology is
ABoschdéds | argest business sector in North Ame
the actions of any separate Bosch legal entity, like Bosch LLC, when describing its business, but

ad ways holds itself®> out as fithe Bosch Group. 0

2 Bosch 2014 Annual Report, availablehétp://www.bosch.com/en/
com/bosch_group/bosch_figw/publications/archive/archivegl2.php

S3Boschos 2016 atA3availablé ahtpe/fassetstbosch.com/
media/global/bosch_group/odigures/pdf/boscltannualreport2016.pdf

4Bosch in North Americat 2(May 2007), available dtttp://www.bosch.us/
content/languagel/downloads/BINAQ7.pdf

51d. at 5.
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83.  German authorities are now investigating Bosch GmbH and the role in the
emissions scandal and are focusing on certain Bosch empfbyees:

Three Bosch Managers Targeted as German Diesetdbe
Expands

A German probe into whether Robert Bosch GmbH
helpedVolkswagenAG cheat on emissions tests intensified as
Stuttgart prosecutors said they were focusinghoee managers at
the carparts maker.

Whil e Stuttgart prosecutors didndét i den
indicates that investigators may have found specific evidence in

the probe. Previously, prosecutors have said they were looking into

the rolte fiivendiodeBosch empl oyees may have
providing software that was used to cheat on emission tests.

AWe have opened a probe against all thr
fraud in connection to possible manipulation in emissions

treat ment s iHolznerVd spokesnsan for thé ageancy,

said in an emailed statement. AAIIl of t
highest in middle management . 0

Bosch, which is also being investigated by the U.S. Department of

Justice, has been caught up in the VW diesel scandariexged

in 2015 over allegations its employees may have helped rig

software that helped the carmaker to cheat emission tests. Earlier

this year, Stuttgart prosecutors opened
role in connection with emission tests of Daimlarsc

A spokesman for Bosch said that whil e h
individual employees, the company 6t ake
diesel cases seriously and has been cooperating fully from the

beginning of the probes. 0

The Stuttgart probe is running pde&ko the central criminal

investigation in Braunschweig, closer t
investigation is targeting nearly 40 people on fraud allegations

related to dieseémission software, including former VW Chief

Executive Officer Martin Winterkorn

Prosecutorsé interest exteqnds to multip
including luxury brands Audi and Porsche. In addition, Stuttgart
prosecutors are also reviewing a third

® ThreeBosch Managers Targeted as German Diesel Probe ExpBndsMBERG (June 29,
2007),https://www.bloomberg.com/news/articles/2806-29/threeboschmanagerdargetedas
germandieselprobeexpands
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cooperation withiat ChryslerAutomobilesNV on software for
diesel engines.

84.  As reported by Bloomberg on September 16, 2017, U.S. prosecutors are
examining Boscho €£DG1@tb manufaturess otpepthayp Boschy: i t s

u. S. prosecutors are investigating whet
Bosch GmbH, which provided software to Volkswagen AG,

conspired with the automaker to engineer diesel cars that would

cheat U.S. emissions testing, according to two efgwhiliar with

the matter.

Among the questions the Justice Department is asking in the

criminal probe, one of them said, is whether automakers in

addition to VW used Bosch software to skirt environmental

standards. Bosch, which is also under US. Civibprand German

inquiry, is cooperating in investigatio
them, said spokesman Rene Ziegler.

The line of inquiry broadens what is already the costliest scandal in

US. automaking history. Wolfsbutgased VW faces an industry

record $16.%illion, and counting, in criminal and civil litigation

fines after admitting last year that its diesel cars were outfitted with

a Adefeat deviceodo that | owered emi ssi on
it detected the vehicle was being tested.

More than a half ozen big manufacturers sell diepeiwered
vehicles in the U.S. The people familiar with the matter declined to
say whether specific makers are under scrutiny.

85. Recently, researchers from Rdbniversitat in Bochum, Germany, and
University of CalifornaSan Di ego uncovered Boschés role in
of emission controls in certain Volkswagen &@A vehicles. The researchers found no
evidencehat Volkswagen anBCA wrote the code that allowed the operation of defeat devices.

All the code they analyzed was found in documents copyrighted by Robert Bosch GmbH. These
researchers found that in the fAf u6GmbHjthen sheet
code to cheat the emissions test was | abel ed

a label that helped the cheat fly under the radar. Given that BMW vehicles have &Basch
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17, as did the cheating Volkswagdébeneral MotorsMercedes, FordandFCA vehicles, and

given testing by Plaintiffsd experts describe
it is plausible to allege that Bosch was a patrticipant in the scheme to hide the true emissions of

BMW Polluting Vehiclesand supplied a similar #Afunction st
emission deception.

V. FACTUAL ALLEGATIONS

A. The environmental challenges posed by diesel engines and the U.S. regulatory
response thereto

86. The U.S. government, througiie EPA, has passed and enforced lavesyaed to
protect US. citizens from pollution and, in particular, certain chemicals and agents known to
cause disease in humans. Automobile manufacturers must abide by these laws and must adhere
to EPA rules and reggations.

87. The Clean Air Act has strict emissions standards for vehicles, and it requires
vehicle manufacturers to certify to the EPA that the vehicles sold in the United States meet
applicable federal emissions standards to cobatrgollution. Every vehicle sold in the United
States must be covered by an EBgued certificate of conformity.

88. There is a very good reason that these laws and regulations exist, particularly in
regards to vehicles with didsngines: in 2012, the World Health Organization declared diesel
vehicle emissions to be carcinogenic and about as dangerous as asbestos.

89. Diesel engines pose a particularly difficult challenge to the environment because
they havean inherent tradeff between power, fuel efficiency, and NOx emissibrise greater
the power and fuel efficiency, the dirtier and more harmful the emissions.

90. Instead of using a spark plug to combust highly refined fuel witht shor

hydrocarbon chains, as gasoline engines do, diesel engines compress a mist of liquid fuel and air
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to very high temperatures and pressures, which causes the diesel to spontaneously combust. This
causes a more powerful compression of the pistons, whiclupes greater engine torguee.,
more power.

91. The diesel engine is able to do this both because it operates at a higher
compression ratio than a gasoline engine and because diesel fuel contains more energy than
gasoline.

92.  But this greater energy and fuel efficiency comes at a cost: diesel produces dirtier
and more dangerous emissions. One byproduct of diesel combustion is a combination of nitric
oxide and nitrogen dioxide, collectively called NOx, compouhds form at high temperature in
the cylinder during combustion.

93. NOx pollution contributes to nitrogen dioxide, particulate matter in the air, and
reacts with sunlight in the atmosphere to form ozone. Exposure to these polatahten
linked with serious health dangers, including asthma attacks and other respiratory illnesses
serious enough to send people to the hospital. Ozone and particulate matter exposure have been
associated with premature death due to respiradagedor cardiovascularelated effects.

Children, the elderly, and people with fristing respiratory illness are at acute risk of health
effects from these pollutants. As a ground level pollutant, NO2, a common byproduct of NOx
reduction systems using anidation catalyst, is highly toxic in comparison to nitric oxide (NO).

If overall NOx levels are not sufficiently controlled, then concentrations of NO2 levels at ground
level can be quite high, where they have adverse acute health effects.

94. Though more efficient, diesel engines come with their own set of challenges, as
emissions from diesel engines can include higher levels of NOx and particulate matter (PM) or

soot than emissions from gas@ engines due to the differences in fe@nbusion andhow the
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resulting emissions are treated following combustion. NOx emissions can be reduced through
exhaust gas recirculation (EGR), whereby exhaust gases are routed back into the intake of the
engine and mixed with fresh incoming air. Exsiagias recirculation lowers NOx by reducing the
available oxygen, increasing the heat capacity of the exhaust gas mixture, and by reducing
maximum combustion temperatures; however, EGR can also lead to an increase in PM as well.
NOx and PM emissions carsalbe reduced through expensive exhaust gastedsgment
devices, primarily catalytic converters, which use catalyzed chemical reactions to transform the
chemical composition of a vehicleds NOx and P
nitrogen gas (N), water (RO) and carbon dioxide (G

95. Diesel engines thus operate according to this tadflleetween price, NOx, and
PM; and for the EPA to designate a diesel car
andlow NOx. In 2000, the EPA announced stricter emissions standards requiring all diesel
models starting in 2007 to produce drastically less NOx and PM than years prior. Before
introducing affected vehicles into the U.S. stream of commerce (or causing &eBisivi was
required to first apply for, and obtain, an EBAministered certificate of conformity (COC)
certifying that the vehicle comported with the emissions standards for pollutants enumerated in
40 C.F.R. 88 86.18104, 86.181109, and 86.181-10. The Clean Air Act expressly prohibits
automakers, like BMW, from introducing a new vehicle into the stream of commerce without a
valid COC from the EPA. Moreover, vehicles must be accurately described in the COC
application fAin aldenmed ecavadr erde shpye ca svoa Itiod b&OC
emission standards are even more stringent than those of the EPA. The California Air Resources

Board (CARB), the State of Californiads regul
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automakers to obtain an Exeau# Or der confirming compliance wi
regul ations before allowing the vehicle onto

96. The United States has two sets of parallel standards that affect fuel economy: (1)
the corporate averagediveconomy (CAFE) standards adopted by the National Highway Traffic
Safety Administration (NHTSA), an agency within the Department of Transportation (DOT);
and (2) greenhouse gas (GHG) emissions standards adopted by the EPA. The first CAFE
standards weredapted in the 1970s in response to the Arab oil embargo. The first GHG
emission standards became effective in model year 2012.

97. The Energy Policy Conservation Act of 1975 established the first CAFE standards
for light-duty vehicles Separate sets of standards were adopted for cars and for light trucks. For
cars, the standards aimed to double the average fuel economy from 13.6 miles per gallon (mpg)
in 1974 to 27.5 mpg by 1985. Vehicle manufacturers almost met this target, reatRimgp2
by 1985. While the CAFE program remained in force for a number of years, its fuel economy
target for cars stagnated at 27.5 mpg through 2010.

98. In 2007, the stage was set for more progressive fuel economy and GHG emission
regulations. The Energy Independence and Security Act (EISA) of 2007 mandated a 40%
increase in fuel economy by 2020. Tougher fuel economy standards were to be set starting with
model year 2011, until the standards achieve a combined average fuel economy of 35 mpg for
model year 2020.

99. In April 2010, NHTSA and EPA finalized new, harmonized CAFE and GHG
emission rules for model year 2062916 lightduty vehicles. These rules have been designed to
result in an average CAFE fuel economy of 34.1 mpg (6.9 L/100 km) apeé@Ssions of 250

mg/mile in model year 2016 vehicles.
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100. These new model year 2011 rules presented manufacturinghbsitacles and
opportunity. The opportunity was capturing new markets by promoting technology that complied
with new emission regulations. Manufacturers adopted several strategies, including the
introduction of electric and diesel models.

B. Both the X5 and 35d share a common diesel engirend were promoted by BMW
as providing a better emissions footprint and fuel economy

101. To meet the EPA emissions requirements applicable to model year 2011 vehicles,
BMW introduced a diesel X&nd 33D in 2009, an idine 6-cylinder, 3.0 liter engine with an
internal designation code AM57.0

102. BMW announced the introduction of these vehicles with fanfare, claiming the
vehicles would meet the 0sadftheNotthAmeritea ust emi ss
aut omobi lamdmamkiétddo have fAexempl ary fuel econom

BMW X5 xDrive35d and BMW 335d to Make US Debut
Woodcliff Lake, N.Ji 01/02/2008

BMW Advanced Diesel with BluePerformance

Entering a new er a i divetulbimatecompany®és mi s
driving machines that combine superior performanmitle

exemplary fuel economythe BMW Group will debut two vehicle

models equipped with the BMW Advanced Diesel with

BluePerformance at the 2008 North American International Auto

Show (NAIAS)in Detroiti the X5 xDrive35d and the 335d.

Successfully meeting the strict exhaust emissions requirements of
the North American automobile mark&MW Advanced Diesél
slated to hit US roadways in late 200&ill be available in all 50
states. The widavailability of these vehicles marks a significant
milestone in the BMW EfficientDynamics strategy, whggeks to
offer customers in automobile markets around the world maximum
driving pleasure with minimum fuel consumption and emissions

BMW Advanced Desel technology is being introduced into the
US market in the form of the 3l@er inline-six featuring Variable
Twin Turbo Technology an engine widely acknowledged as the
unchallenged benchmark for sporting performance, motoring
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refinement and superi@fficiency in other markets around the
world. At the 2008 NAIAS, BMW is presenting this 26p high
performance diesel engine in both the BMW X5 xDrive35d and the
BMW 335d. To ensure full compliance with the demanding
emission standards in California amither US state8MW uses

SCR technology to reduce nitric oxid@$0X), enabling

nationwide introduction of BMW Advanced Diesel with
BluePerformance as a Sfate model (BIN5).

Leading the way:
BMW diesel competence for the US.

The history of BMW diesetngines began in 1983 when the BMW

524td was introduced as the fastest diesel in the world. From that

starting point, BMW has spent 25 years continuously developing

di esel technology. Todayodos BMW Diesel s
dramatically improved power amerformance, fuel consumption

and emissions levelsreflecting the principle of BMW

EfficientDynamics in every respect.

Through their superior motoring refinement alone, BMW diesel
engines have helped to significantly eliminate any reservations
regardingthe acoustic properties of a diesel engine. Indeed, great
demand for BMW diesel engines has helped BMW achieve
increased market share not just in Europe, but in regions across the
world. Today no less than 67 percent of all new BMWs delivered

to customer#n Europe are powered by a diesel engine.

While diesel engines of today represent an impressive standard for
fuel efficiency and emissions on the whdsMW Advanced

Diesel engines take this a step further, setting the standard for
torque and pulling powehat could never be achieved by a similar
displacement gasoline enginevhile consuming 25 percent less

fuel on average than an equally powerful gasoline engine.

103. BMW in its announcement touted its SCR catalyst WRHdBIlue injectionp a
technol ogy BMW cl ai med all owed a reduction of
nitrogen and vapor o0:

Most advanced exhaust gas management: SCR catalyst with
AdBlue injection.

To optimize emission management, Advanced Diesel with
BluePerfomance incorporates an oxidation catalyst placed just
downstream of the exhaust manifold, a diesel particulates filter
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104.

housed in the same unit and an SCR catalyst with the urea
injection. In addition to filtering out even the smallest particles
from the flov of exhaust gases, this combination ensures effective
reduction of nitric oxides (NOX) by way of a chemical reaction
within the exhaust system initiated by the injection of a small dose
of urea referred to as AdBlue. The ammonia (NH3) generated in
this piocess within the SCR catalyst subsequently converts the
nitric oxides (NO and, respectively, NO2) in the exhaust gas into
environmentally compatible nitrogen (N2) and vapor (H20).

Both the X5 and 335d shared the use of atavdk system to allegedly control

dosing and ultimately emissions:

To introduce AdBlue technology into the car, BMW has developed
a twotank system ensuring convenient use of this new technology
with all the benefits and ease required by the customer. The
amountof AdBlue required in each case is injected from the active
tank (approximately 1.6 gallons in volume) by means of a dosage
pump. And since the urea solution would freeze at a temperature of
12.2°F, this active tank, as well as the dosage pipes, aredheate

The active tank is connected to a second reservoir, referred to as
the passive tank. With its additional capacity of approximately 4.5
gallons, this passive tank offers a plentiful supply of the urea
solution. The average range provided with this supapacity is
indeed sufficient to have the tank system replenished only when
the driver needs to change the engine oil. Hence, the large amount
of AdBlue stored in the reservoir enables the customer to enjoy
continuous driving, without having to change/hes service
intervals.The driver therefore benefits from the advantages of this
environmentally friendly emission technology throughout the
entire running life of the cawithout any additional service or

visits to the workshop. Since all BMWs sold iretUS benefit

from The BMW Maintenance Program, the refilling of the AdBlue
tanks will be a neharge service for 4 years or 50,000 miles.

AdBIlue from the active tank is delivered to the dosing valve and
atomize into the exhaust system. Consistent digtobwf AdBlue
within the flow of exhaust is ensured by the SCR miXée

ammonia generated in the hot exhaust flow subsequently acts as a
reduction agent in the SCR catalyst and converts environmentally
harmful nitric oxides into nitrogen and water vapoa process
referred to as a selective catalytic reaction (STRis process

gives the special SCR catalyst its name.
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The contr ol of the SCR system is master
powerful engine management compufenitric oxide sensor

downstream of the SC&atalyst provides feedback on the

concentration of NOX in the exhaust emissions

105. In the above quoted announcement, BMW called out the fact that Hsihko
system allowed the driver to change the urea only when an enginerajecisaneeded. As

discussed below, this is true only because as part of its deceptive c@MWtand Bosch

programmed the use of less urea to allow for greater emissions outside test conditions.

106. The critical emission control cqmnents in the BMW engines are as follows:

Core Components:

Urea Tank
Dosing Module = i Urea Tank
Mixer C
SCR-Catalyst
NOx-Sensor
Control Unit/ ECU

Oxi-Catalyst

1. Injection timing and in-cylinder controls

107. Fuel is metered into the engine during the power stroke using an injector with an

electronic controller. Fuel can be delivered either betoegotston reaches the top of its stroke

-1

(top dead center, or TDCo), which is called
TDC, which is called fAretarded timing. o6 Furth
delivered in distinct psles rather than a single pulse, with the goal being to reduce emissions and
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improve efficiency. Generally speaking, advanced timing will increase NOx emissions and
reduce particulate matter (PM) emissions (but improve fuel economy), while retarded tithing w
reduce NOx emissions and increase PM emissionsylinder controls like injection timing play
a critical role in the overall NOx emissions performance of the engine, as the emissions coming
out of the cylinder must be low enough that the otheremissi cont r ol systems ar
beyond their technical limits. If engirat emissions of NOx are too high, the EGR and SCR
systems may not be able to reduce NOXx sufficiently to meet the standard.

108. The fuel system is also capablieinjecting fuel very late in the combustion cycle,
up to 140 degrees after engine top dead center. This late cycle fuel injection allows fuel to leave
the cylinder unburned so it can react over the DOC to provide hot exhaust for the purpose of
regeneratig the DPF.

2. EGR i Exhaust Gas Recirculation

109. Exhaust gas recirculation is used to reduce NOx emissions by introducing part of
the exhaust exiting the engine back into the engine intake. Since oxides of nitrogen form in
oxygen rich high temperature environments, introducing exhaust gases back into the intake air
charge reduces the amount of these compounds that form primarily by reducing the oxygen
concentration and increasing the overall heat capacity of the combustion gas r&i&Rre.
results in lower peak temperatures during combustion and, in turn, lower NOx concentrations.
Exhaust gas recirculation is not a new technology and has been regularly used on diesel and
gasoline engines for many years. Generally, the higher the EERheagreater the reduction in
NOx emi ssions, though PM emissions are also g
upo more frequently and complicates the overa
110. The M57 engine employs botligh and low pressure EGR strategies for the X5,
pictured below. In high pressure EGR, exhaust from the manifold is routed through an EGR
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cooler and into the intake manifold. High pressure EGR rate is controlled by an EGR valve
downstream of the cooler. Siarly, low pressure EGR is routed from the exit of the DPF
through a cooler, and into the suction side of the tgH@rger. Low pressure EGR rate is also
controlled by an EGR valve. The 335d does not use low pressure EGR because of its lower

weight.

~N

""V'

oA

25)

3. DOC i Diesel Oxidation Catalyst
111. The diesel oxidation catalyst converts hydrocarbons and carbon monoxide into
water and carbon dioxide through an oxidization reaction. The DOC also converts nitric oxide to
nitrogen dioxide to genate favorable conditions for the reduction of NOx in the SCR system
downstream of the DOC. The nitrogen dioxide generated by the DOC is also critical for proper

function of the DPF, as nitrogen dioxide is used to remove captured PM from the DPF in a
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proces called passive regeneration. If insufficient nitrogen dioxide is available for passive
regeneration, the engine may be forced to perform an active regeneration, a process that
negatively impacts fuel economy and performance. Higher nitrogen dioxide &reehlso
important in the SCR system for higher SCR conversion rate.

112. Also, the DOC is used to oxidize late cycle injected fuel in order to provide heat
to assist in active DPF regeneration.

4, DPFi Diesel Particulate Filter

113. After exiting the DOC, the exhaust travels through the diesel particulate filter
(DPF), where particulate matter (soot) is trapped and stored. The captured material is cleaned
through a process known as regeneration, which igdetivinto two strategiegirst, passive
regeneration occurs any time the vehicle is being operated, provided nitrogen dioxide
concentrations are relatively high and the exhaust gas temperature is high enough. If those two
conditions are met, nitrogen diaa (NO2) will react with captured PM and oxidize it to CO2,
thus cleaning out the DPF. It is a continuously occurring process, meaning that it occurs any time
the conditions are met under normal operation, but the rate of regeneration is limited by the
exhaust temperature and the concentration of NO2. Ideal DPF operation relies almost entirely on
passive regeneration. Very low NO2 concentrations or very low exhaust temperatures can
prevent passive regeneration from occurrldgcondactive regeneration ogcs only when the
engine senses that the DPF needs to be cleaned as the DPF is approaching maximum capacity
and generating too much exhaust backpressure (usually as a result of insufficient passive
regeneration). During this process, the primary injediiomg is retarded, which causes higher
temperature exhaust to leave the cylinder. These higher temperatures theatghe DOC such
that the late cycle fuel will react and generate sufficient heat for regeneration, approximately
600°C. This process @tes very high temperatures that allow captured PM to oxidize in the
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DPF without the use a catalyst or NO2, thus i
Afactive regeneration. o0 Active regeneration dr
used for purposes other than moving the vehicle. For this reason, it is generally desirable to

reduce the need for active regeneration and create conditions that are favorable for passive
regeneration. Higher exhaust temperatures are also detrimertal3C€R catalyst as they can

cause hydrothermal degradation of the catalyst over time. Thus, it is desirable to have relatively

high NO2 (and, as a result, high NOx) concentrations entering the DPF to maximize the amount

of passive regeneration.

5. DEF Injector

114. Diesel exhaust fluid (DEF) is an integral part of the SCR system, as it provides
the necessary reactant to allow the SCR system to reduce NOx. DEF is injected upstream of the
SCR. DEF is composed of 32.5% urea, its active tigre, distilled water, and a very small
amount of additives. DEF is required for the selective catalytic reduction process to occur. The
heat of the exhaust and reactions on the SCR catalyst convert the DEF into ammonia, which in
turn reacts with NOx inhte SCR system. Generally speaking, within the design limits of the SCR
system, higher DEF injection rates lead to larger reductions in NOx over the SCR system.

6. SCRI1 Selective Catalytic Reduction

115. Once DEF is added to the exhalitstrravels through the selective catalytic
reduction catalyst. Here, oxides of nitrogen (NOx) are converted to nitrogenyasNvater
(H20) by means of a reduction reaction. The SCR system significantly reduces NOx emissions
which allows for more fregom in the calibration of the engine. The drawback of SCR is its

increased complexity and the need to carry and replenish the DEF.
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7. U.S. NOx Emissions Standards

116. The purpose of the Clean Air Act and its implementing regulationgavaotect
human health and the environment by, among other things, reducing emissions of pollutants
from new motor vehicles, including nitrogen o

117. The Clean Air Act requires the U.S. Environmental Protection AGénGyE P A 0 )
to promulgate emissions standards for new motor vehicles. The EPA established standards and
test procedures for lightuty motor vehicles sold in the United States, including emission
standards for NOx.

118. The Clean Air Act pohibits manufacturers of new motor vehicles from selling,
offering for sale, introducing or delivering for introduction into U.S. commerce, or importing (or
causing the foregoing with respect to) any new motor vehicle unless the vehicle complied with
U.S.emissions standards, including NOx emissions standards, and was issued an. EPA
certificate of conformity.

119. To obtain a certificate of conformity, a manufacturer is required to submit an
application to the EPA for each model yead dor each test group of vehicles that it intended to
sell in the United States. The application is required to be in writing, to be signed by an
authorized representative of the manufacturer, and to include, among other things, the results of
testing doe pursuant to the published Federal Test Procedures that measure NOx emissions, and
a description of the engine, emissions control system, and fuel system components, including a
detailed description of each AuxiidstalladogtheE mi s si
vehicle.

120. The EPA will not certify motor vehicles equipped with defeat devices.

Manufacturers could not sell motor vehicles in the United States without a certificate of
conformity from the EPA.
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121. CARB (together with the EPA, AU.S. regul
called executive orders, for the sale of motor vehicles in the State of California. To obtain such a
certificate, the manufacturer is required to satisfy the standarfistbetby the State of
California, which were equal to or more stringent than those of the EPA.

122. As part of the application for a certification process, manufacturers often worked
in parallel with the EPA and CARB. To obtain a dferate of conformity from the EPA,
manufacturers are required to demonstrate that thedigiigtvehicles were equipped with an-on
board diagnostic (AOBDO0O) systradaedsysemad| e of mo
components.

123. Manufacturers could demonstrate compliance with California OBD standards in
order to meet federal requirements. CARB reviews applications from manufacturers, including
BMW, to determine whether their OBD systems were in compliance with California OBD
stadar ds, and CARBOGs conclusion would be incluc
submitted to the EPA.

124. 1In 1998, the United States established new federal emissions standards that would
be implemented in separate steps, or TiBEs. I| emissions standards, including for NOx
emissions, were significantly stricter than Tier I. For lidhty vehicles, the regulations required
manufacturers to begin to phase in compliance with the new, stricter NOx emissions standards in
2004 and equired manufacturers to fully comply with the stricter standards for model year 2007.
These strict U.S. NOx emissions standards were applicable specifically to vehicles in the United
States.

8. Test Cycles

125. An emissions test cycldefines a protocol that enables repeatable and comparable

measurements of exhaust emissions to evaluate compliance. The protocol specifies all conditions
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under which the engine is tested, including lab temperature and vehicle conditions. Most

importantly, he test cycle defines the vehicle speed over time that is used to simulate a typical

driving scenario. An example of a driving cycle is shown in Figure A. This graph represents the

FTP-75 (Federal Test Procedure) cycle that has been created by the ERBAised for emission

certification and fuel economy testing of passenger vehicles in the United States. The cycle

simulates an urban route with frequent stops, combined with both-aacolé hosstart transient

phase. The cycle lasts 1,877 seconds (abbminutes) and covers a distance of 11.04 miles

(17.77 km) at an average speed of 21.2 mph (34.12 km/h).
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126. To assess conformance, these tests are carried out on a chassis dynamometer, a

fixture that holds a car in place while allowing its driven wheels to turn with varying resistance

meant to simulate the actual load on the engine durifrgaxh driving. Emissins are measured

during the test and compared to an emissions standard that defines the maximum pollutant levels

that can be released during such a test. In the United States, emissions standards are managed on

a national level by the EPA. In addition, @alnia has its own emissions standards that are

01073311/1053639%/1

-94-



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 107 of 459 PagelD: 2914

defined and enforced by CARB. California standards are also adopted by a number of other
states (fiSe c’fTagether with7Calibornis, tthase state cover a significant fraction
of the U.S. marketmaking them a de facto second national standard.

127. The FTR75 is the primary dynamometer cycle used to certify lightt mediumn
duty passenger cars/trucks. This cycle is primarily a dynamic cycle, with rapid changes in speed
andacceleration meant to reflect city driving along with some steadier higher speed sections
meant to account for some highway driving.

128. One critically important thing to understand about the#T® i s t hat 1t 6s
st ar t dhatamgand tlee.vehicle starts the cycle with the engine having been off for at least
eight hours and in a completely cold state. T
diesel engines like the BMW engine employing SCR because catalysistmeantrol
emissions are not yet at temperatures wheretheywerk ( above -¢thfed rt émpeghat u
The FTR7 5 al so includes a Ahot starto phase, whi
of catalysts before this phase begins.

C. BMW promoted the X5 and 355d vehicles as clean and environmentally friendly

because BMW knew the environment and fuel economy are material to a reasonable
consumerof a diesel car

129. BMW understood thatdieselv e hi c| e 6 s p bahdfueltecooomydreo ot pr i
factors in a reasonabl e c¢ons umeordyadvangageiofsai on t
diesel versus gas car is a better pollution footprint and improved fuel economyBMWS,in
press rel eases, chureethaditdntendadtareathshe eyasroticonsumers,

promoted the X5 and 335d engine as delivering

" Those states are: Connecticut, Maine, Maryland, Massachusetts, New Jersey, New Mexico,
New York, Oregon, Pennsylvania, Rhode Island, Vermont, Washington, Delaware, Georgia, and
North Caplina.
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emi ssi asreas¢G lovelicle 06 These promoti onal materi al s w
dealers for distribution to pspective buyersr were disseminated directly to potential
consumers

130. BMW also understood that fuel economy was material to the average consumer
and was a material feature for prospective diesel buyers because of claims ésbbiasn
better mileage than gas cars.

131. In2009BMW announced the introduction of t6F
Model so for the United States that included t
According to a 2009 BMW press release, the mo

BMW Group Diesel in the U.S.
Technology and Market situation

In 2009, the BMW Group presented more proof of its

EfficientDynamics engineering philosophy with the introduction of

two BMW Advanced Diesel models for the UThe 335d and the

X5 xDrive35d models feature a 50 tgt@mission complaint

version of BMWG6s avwmbo8Oliteidesei ng sequent.i
engine This is the first performaneariented Advanced Diesel

engine in BMW&ds North American model |
the most fuel efficient internadlombustionvehicle BMW has ever

sold in the United States.

132. According to the BMW release, the AnAdva
Technologyo all owed for dramatically Ai mprove
i mpr ovesd ofmesmilsevel so:

Leading the way:
BMW diesel competence for the US

Todaydés BMW Diesels are characterized b
power and performance; fuel consumption and emissions levels

reflecting the principle of BMW EfficientDynamics in every

respet

Through their refinement alone, BMW diesel engines have helped
to significantly eliminate reservations regarding the acoustic
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properties of a diesel engine. In fact, great demand for BMW
diesel engines has helped BMW achieve increased market share
not just in Europe, but in regions all around the world. In 2009 no
less than 63 percent of all new BMWs delivered to customers in
Europe are powered by a diesel engine.

BMW Advanced Diesel engines take this a step further, setting the
standard for torque arulling power that could never be achieved
by a similar displacement gasoline endinghile consuming 25
percent less fuel on average than an equally powerful gasoline
engine.

133. BMW al so c¢cl ai med its techmaolsdgpynsal lwadawehd
Aenvironmentally compatibleo byproduct:

New generation of diesel technology:
Maximum responsivenessminimum emissions

Maximum power, outstanding efficiency: The first BMW
Advanced Diesel with BluePerformance is particularly vgeited
to combine the driving dynamics and refinement of a premium
automobilewith the most current and demanding standards for
preserving resources and reducing emissibaaturing
exceptional power and torque, the 3.0 liter inlgme diesel is one
of the mosfuel-efficient engines in its clasgemphasis added.)

Most advanced exhaust gas management:
Selective Catalytic Reduction.

To optimize emission management, Advanced Diesel with
BluePerformance incorporates an oxidation catalyst placed just
downstream ofhe exhaust manifold with a diesel particulate filter
housed in the same unit and a Selective Catalytic Reduction
catalyst with urea injectiorin addition to filtering out even the
smallest particles from the flow of exhaust gases, this combination
ensues effective reduction of nitric oxides (NOX) by way of a
chemical reaction within the exhaust system initiated by the
injection of a small dose of urea referred to as Diesel Exhaust
Fluid. The ammonia (NH3) generated in this process within the
SCR catalyssubsequentlgonverts the nitric oxides (NO and,
respectively, NO2) in the exhaust gas into environmentally
compatible nitrogen (N2) and water vapor (H2@@mphasis
added.)

-97-
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134.

In sales literature directed to consumers through Bié&alersBMW

emphasized the emissions compliance and emissions characteristics of its diesel vehicles.

B MWO s

promi ses

regarding

t

he

emi ssi ons

acknowledgement that low emissions are material to a reasonable con$ardiesel car

meet s

e mi

135. Thus, for example, in the brochure for the 2010 BW promised that the X5

SSi

i emi

SSi

onso:

Thisis how much has gone in.

ALBANRY, we create dynamic vehicles that thril you with quick acceleration, preciciable handing and unshakadle control. We are 2is0 busy finding ways to sustan 1his level of performance

ons

requirements in al/l

while ncorporating innovative faels ad technalogies 19 help preserve the environment, This s what we refer 1o 35 * EfficiantDysam s This god has led to the viscnary ClearEnsagy hycrogen-

powered enging, which is currently used in the BMW Hydrogen 7 Sedan. BNW Advancad Dissel with BiuePerformancs, which offers diese! power with quick scosieration, ncreased fuel

efficiency anc reduced emssions, & being riroduced fothe U.S. in select modeisin 2009, nchuding the X5 xDrive35d. infact, every BMWY on the road today comes standeed with technology

that b e whiesim

sshy recucing fus! cor

Advanced Diesel with BluePerformance

The X5 xDrive35d benefits from the massive power and
extraorginary efficiency of BMW's Advanced Diesel
engine, while meeting the emissions standards of all

Valvetronic

Instezd of using 3 tradtonal throtde,
Vahatronic lachnology m the X5
sDeivel0: ard X5 sDrivedB: kets the
engine beeathe more easily by varying
the ift height of the valves to requlate
avintahe The result:improved cold
starts, smeother running, and 2 signif-
icant drop in fuel consumption. Using
resgitionary technology sech as this,
BMW has improved ts overall average
fuel conomy roee thn aty ather
manufacturer,

01073311/105363%1

Double-VANOS

VANOS 5 BIW's vahve tming system
thal can “sheplessly” vary the pants in
the combustion oytle when valves epen
andciose, Deuble-VANDS refers 1o the
fact that it operates on bath the intake
and exhaust camshafts. Electionically
controlled in response to engine speed,
load and temperature, VANOS recuces
emissions, and enhances low- fo
medum-speed torque, 36 well as
fueleffcisncy.

and CO; emssions,

Efficient atomatic transmission

A highty efficient 6-speed STEPTRONC
astomaic fransmsson with Adagtive
Transmissicn Control and Spoct mode
enhzrces performance, comfort and
fuel efficiency.

-908-

The more smaothly that a1 flows ower 3 vehicle,

the more efficently t can operzte. Al BWWs are
designed for alow coefficent of aerodyramic drag,
which transhtes info quicker acosieralion, more
stable handing, quister operaton and greater fuel
efficiency. ABNW'S intogratad freet spoilers reduce
she amount of ar fowing undernzath, minmizng
front-end ¥ft. This allovs a BAWY to hug the road

at nigher speeds for encelent stabilty.

And this is what comes out.

Thanks to innovative features of
EfficientDynamics, BMW has been able

* to significantly reduce CO, emissions

in many models. But that's just for starters.
We're carrying on our research with
EfficientDynamics - in the quest to bring you
more driving pleasure and less emissions,

perfor

stateso
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136. In the brahure for the 2011 BMW X5, recognizing the materiality of the

emissions issue, trewverpago r omi ses fALess emi ssionso:

2012 BMW X5
Sports Activity by,
Vehicle™

The Ultimate _
Driving Machine®

THE BMW X5.

JOY BRINGS THE WHOLE CROWD ALONG.

BMW EfficientDynamics

Less emissions. More driving pleasure.

-99-
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137. A reasonable consumer would believe tha
comparable gas BMW.

138. And BMW promised that its fAAdvanced Die

more efficient that previous generation diese

THE BMW X5 SAV’S
EFFICIENT DYNAMICS INITIATIVE AT A GLANCE.

High Precision direct fuel injection. BMW Advanced Diesel with BluePerformance Technology.

In this latest-generation direct fuel injection system, the pieze injectors Cleaner, quicker and far more efficient than previous generation diesel,

are positioned very clese o the spark plugs. They inject fuel at high BMW Advanced Diese! with BluePerformance Technology vehicles

pressure, with extreme precision, for very efficient combustion. achieve up 1o 36 mpg, for a range of 580 miles per tank. They emit 20%
less CO» than conventional vehicles, while posting pewerful 0-60 mph

Valvetronic. numbers. IU's diesel reinvented.

BMW's Valvetronic valve control system improves engine response and

refinement, while also helping to recduce fuel consumption, The system Electric Power Steering.

helps the engine “breatne” better by providing fully variable litt adjustment  Unlike conventional, hydraulic steering systems, electric power steering

of the inlet valves. draws power only during actual steering movements. When the steering

wheel position is constant, the electric motor is inactive.
Brake Energy Regeneration.

In vehicles with Brake Energy Regeneration, the alternator generates 8-speed Automatic transmission.
electricity only when the driver takes his or her foot off the accelerator. This transmission provides extremely fast shifting in both automatic and
Kinetic energy that was previously unharnessed is transformed into STEPTRONIC shift modes. By increasing the number of gears to eight, the
electrical energy, then fed into the battery. In this way, electricity is transmission provides a more efficient shifting sequence and improved
generated without consuming fuel. fuel economy.

- 100-
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139. Inits brochures BMW further promised that its dlesewas A Envi r onment
Friendlyd such that it turned Anitric oxides

nitrogen and water vapor, o0 and that i1t met em

BMW Advanced Diesel
with BluePerformance
Technology.

BMW's breed of diesel
power is guiet and smooth-
running. Environmentally
friendly, too, thanks to its
use of ultra-low sulfur
diesel (ULSD) fuel and ===
BMW's BluePerformance [ 3
Technology. Using Diesel i
Exhaust Fluid and a ciesel
particulate filter, it turns
the nitric oxides in the
exhaust gas into environ-
mentally compatible
nitrogen and water vapor.
As a result, this engine
meets the emissions
standards in all 50 states.

LOW CONSUMPTION.
HIGH PERFORMANCE.

-101-
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140. Continuing on the theme otdreased emissions with better fuel economy BMW

brochures stated:

Engines that power innovation. Year after year, numerous BMW engines
have garnered accolades for their output, refinement and high-revving ability.
All are designed to deliver on BMW'’s EfficientDynamics philosophy: increased
power with decreased fuel consumption and emissions. Choose between

two gasoline-powered TwinPower Turbocharged engines, or opt for BMW'’s
Advanced Diesel with BluePerformance Technology. Whichever you select,
you'll enjoy the thrill of BMW performance while helping to protect the
environment every day.

-102-
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141. The 2012 brochure on its covwichigmage al s

BMW X5
Sports Activity >
Vehicle®

The Ultimate

reference to a comparable BMW gas vehicle

Driving Machine®

THE BMW X5.

PERFORMANCE HEAVEN FOR SEVEN.

BMW EfficientDynamics

Less emissions. More driving pleasure.

- 103-
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142. Again, BMW piomised less emissions:

BMW EfficientDynamics

Less emissions. More driving pleasure.

Every road offers an opportunity for discovery. And no vehicle
excels at discovering these pleasurable moments quite like
the BMW X5. Brimming with the latest technologies, armed
with precision handling, powered by a thrilling, highly refined
enging, the X5 driving experience is inspiring, vigorous, and
altogether breathtaking. It's also supremely controllgble,
thanks to exceptional directional stability from a chassis and
double wishbone front suspension built for performance as
well as practicality,. BMW EfficientDynamics technologies
give it an impressive power-to-efficiency ratio. The result is a
vehicle of unsurpassed capabilities that offers best-in-class
performance and efficiency — especially the BMW Advanced
Diesel-powered X5 xDrive35d. The BMW X5. Discovery
awaits at every tumn.

- S, —
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143. BMW understood the environment was important to consumers and stressed its

commitment to sustainabiiynd a goal of fAemissions free mob

BMW EfficientDynamics

Less emissions. More driving pleasure.

BMW EFFICIENT DYNAMICS:
VEHICLES THAT REQUIRE LITTLE AND GIVEALOT.

BMW was one of the first automotive manufacturers to pursue efficient Eco-friendly technology.
driving technologies — one part of our award-winning sustainability strat-  The development of more efficient vehicles powered by conventional
egy. Our commitment to EfficientDynamics means we are continuously  diesel and gasoline engines are continuing challenges. A comprehensive
developing innovative systems that bring us closer to our long-termgoal  technology directive enables the reduction of fuel consumption and
of emissions-free mobility. However, we remain egually committed to emissions, while at the same time increasing power output and driving
driving pleasure, which is being pursued in different ways. First, there is enjoyment. These advances are based on innovetions such as BMW
the continuing eptimization of conventional diesel- and gasoline-powered  TwinPower Turbo technology, Brake Energy Regeneration, air curtain
models. Second, BMW hybrid vehicles are already on the road. Third, front apron design, ané many others.
the first 100 percent electrically powered BMW — the BMW Activel —
is being distributed in a field trizl to customers. And fourth, the fleet of BMW ActiveHybrid.
BMW Hydrogen 7 vehicles impressively demonstrated the potential for With the BMW ActiveHybrid 7, BMW ActiveHybrid X6 and the BMW
combining hydrogen drive with a combustion engine. ActiveHybric 5, BMW has impressive hybrid production models in its
line. Soon the BMW ActiveHybric 3 will be joining the team. All these
Since 1995 BMW has been able to reduce the CO, emissions of its entire  models combine outstanding efficiency with superlative dynamic ability.
fleet by approximately 30 percent. BMW has rolled out more than two
million vehicles equipped with EfficientDynamics: 31 models already BMW Electric Vehicles.
produce less than 225¢g of CO; per mile, and BMW intends to achieve The BMW ActiveE is the first 100% electric - 100% BMW vehicle. A
a further 25 percent reduction by 2020. BMW EfficientDynamics repre- milestone for EfficientDynamics, the BMW ActiveE achieves emissions-
sents the most comprenhensive package of innovative technologies free moebility without compromising the gerformance that is a BMW
currently in production, for reducing fuel consumption and emissicns trademark. Based on the 1 Series Coupe, it launched in early 2012.
while simultanecusly creating The Ultimate Driving Machine®
The BMW i brand will launch two completely new vehicle concepis

Different paths to the same destination: for sustainable mobility in an urban environment. Key features of the
unmistakable BMW driving pleasure. BMW i3 anc BMW i8 incluce the use of lightweight materials such
Under the umbrella of the BMW EfficientDynamics project, BMW is as Carbon Fiber Reinforced Plastic (CFRP), electric drive systems,
continuously developing innovative systems that will bring us closer to powerful battery technology and eco-friendly production methods,
the goal of emissions-free mobility in the long term. This BMW program  The BMW i3 launches in 2013 and the i8 in 2014; both are an important
for more driving pleasure is based on several pillars: part of BMW EfficientDynamics technologies.

Pl bmwactivatethefuture.com
# bmw-i-usa.com
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THE BMW X5 SAV’S
EFFICIENT DYNAMICS INITIATIVE AT A GLANCE.

High Precision Direct Injection. BMW Advanced Diesel with BluePerformance Technology.
In this latest-generation direct fuel injection system, the piezo injectors Cleaner, quicker and far more efficient than previous generation diesel,
are positicned very close to the spark plugs. They inject fuel at high BMW Advanced Diesel with BiuePerformance Technology vehicles
oressure, with extreme precision, for very efficient combustion achieve up to 36 mpg, for a range of 580 miles per tank. Thay emit

20 percent less CO, than conventional vehicles, while posting powerful
Valvetronic. 0-60 mph numbers. It's diesel reinvented
BMW's Valvetronic velve control system improves engine response
and refinement, while alsc helping to reduce fuel consumption. The Electric Power Steering.
system helps the engine “breathe” better by providing fully variable Unlike conventional, hycraulic steering systems, electric power steering
ift adjustment of the inlet valves, draws power only during actual steering movements. When the steering

wheel position is constant, the electric motor is inactive.
Brake Energy Regeneration.

In vehicles with Breke Energy Regeneration, the altemator generates 8-speed automatic transmission.
electricity only when the driver takes his or her foot off the accelerator. This transmission provides extremely fast shifting in both automatic and
Kinetic energy that was previously unhamessed is transformed into STEPTRONIC shift modes. By increasing the number of gears to eight, the
electrical energy, then fed into the battery. In this way, electricity is transmission provides a more efficient shifting sequence and improved
generated without consuming fuel. fuel economy.
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144. In brochures for 2013 arldter, BMW promised its emissions system reduce
NOx to environmentally compatiblatrogen and water vapor and met emissions standards in all

50 states

BMW Advanced Diesel
with BluePerformance
Technology.

BMW'’s breed of diesel
power is quiel and smooth-
running. Environmentally
friendly, too, thanks to its
use of ultra-low sulfur
desel (ULSD) fuel and
BMW’s BluePerformance
Technology. Using Diesel
Exhaust Fluid and a diesel
particulate filter, it turns
the nitric oxides in the
exhaust gas into environ-
mentally compatible
nitrogen and water vapor.
As a result, this engine
meets the emissions
standards in all 50 states.

LOW CONSUMPTION.
HIGH PERFORMANCE.
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145. BMW promised in its 2013 brochure that its engines helped protect the

environmentwi t h Adecreasednduemi s®ohsnusmPti on

Engines that power innovation. Year after year, numerous BMW engines
have garnered accolades for their output, refinement and high-revving ability.
All are designed to deliver on BMW'’s EfficientDynamics philosophy: increased
power with decreased fuel consumption and emissions. Choose between

two gasoline-powered TwinPower Turbocharged engines, or opt for BMW’s
Advanced Diesel with BluePerformance Technology. Whichever you select,
you'll enjoy the thrill of BMW performance while helping to protect the
environment every day.
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146. The same types of representations were on the 2014 brochure showingsBMW

belief that environment, emissigrad fuel economy were material to consumers:

THE NEW BMW X5.

MAKE A MORE POWERFUL IMPRESSION.

BMW EfficientDynamics

Less emissions. More driving pleasure.

-109-
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BMW EFFICIENT DYNAMICS:
MAKING A LITTLE GO A LONG WAY.

BMW was one of the first automotive manufacturers to pursue efficient driving technologies — one part of our award-winning sustainability strategy.
BWMW EfficientDynamics represents the most comprehensive package of inncvative technologies currently in oroduction for reducing fuel consumption
and emissions. Cur commitment to EfficientDynamics means we are continucusly developing innovative systems that bring us closer to our long-term
goal of emissions-free mobility. Since 1985 BMW has been able to reduce the CO, emissions of its entire fleel by approximalely 30 percent, and
intends to achieve a further 25 percent recuction by 2020. However, we remain committed to driving pleasure, which is being pursued in different ways.

Eco-friendly technology. The cevelcpment of more efficient vehicles pecwered by conventional gasoline and diesel engines are continuing
challenges. A comorehensive tecnnology directive enables the reduction of fuel consumption and emissions, while at the same time increzsing power
output and driving enjoyment. These advances are based on innovations such as BMW TwinPower Turbo technology, Brake Energy Regeneration,
Air Curtain front apron design, and many others.

BMW ActiveHybrid. With the BMW ActiveHybrid 7, BMW Activebybrid 5 and BMW ActiveHybrid 3, BMW has impressive hybrid production mocels
inits line. All combine cutstanding efficiency with superlative dynamic ability.

BMW i. The all-new BMW i brand is launching two completely new vehicle cancepts for sustainable mebility in an urban environment; both are an
important part of BMW EfficientDynamics technologies. Key features of the BMW i3 and BMW i8 include the use of lightweight materials such as
carbon-fiber-reinforced plastic (CFRP), electric drive systems, powerful batiery technology and ece-friendly production methods,

abmwusa.com/i
#bmwusa.com/EfficientDynamics

BMW ENGINE TECHNOLOGY: A HERITAGE OF INNOVATION.
A FUTURE OF SUSTAINABLE EXHILARATION.

From its inception almaost a century ago as a manufacturer of aircraft engines, Bavarian Motor Works has been a world leader in engine design. In fact,
the innovetions shown below were so ahead of their time, BMW engineers still incorporate this technology into today's award-winning powerplants.
Over the decades, BMW engines have led to countless wins at the racetrack. Even more impartant, their smooth, oowerful and efficient performance
has won over generations of driving enthusiasts. Today, adhering to the EfficientDynamics philosophy, BMW engineers are setting even higher goals:
creating an engine template that can be scaled in size and adapted to new fuel sources - all while maintaining legendary BMW performance and
efficiency. It's a revolutionary concept that is now becoming reality. Welcome to the exciting future of BMW power.

SEMI-HEMISPHERICAL
VALVE DESIGN.

A design so advanced it helped the
BMW 328 Mille Miglie win races in
1936 - and it's still in use today.

1936

‘] 955 ALL-ALUMINUM V-8 ENGINE.
The BMW 502 applied what is now called
“intelligent lightweight engineering” to its
then-awesome 160-hp V-8 engine.

-110-
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TODAY: THE BMW TWIN POWER TURBO ENGINE.
Introduced in 2007, TwinPower Turbo technology is incorporated into every
new BMW engine, whether gasoline-, diesel- or hybrid-powered. Utilizing
BMW high-precision direct injection, Double-VANOS continuously variable
camshaft timing, and Valvetronic individual intake valve control, TwinPower
Turbo technology delivers vastly increased power, torque and efficiency
when compared Lo normally aspirated engines of Lhe same size.

BMW GASOLINE-POWERED ENGINES.
Whether configured with feur, six, eight
or 12 cylinders, the latest BMW gasoline-
combustion engines are cesigned to
generate the highest ratio of power
and thrilling performance 1o fuel
consumption and emissions.

BMW ADVANCED DIESEL.
Powerful, fast, quiet and
fuel-efficient: these are the
traits of BMW Advanced
Diesel engines. Thanks to
BluePerformance Technclogy,
BMW diesel engines meet
emissions standards in al

50 states. Managed by a high-
performance electronic engine
control unit, the turbocharger
develops boost and extra
power in immediate response
to the smallest tap of the
acceleralor pecal, and slays
strong throughout the rev
range where you do most )
of your driving. e M M
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445-hp BMW TwinPower Turbo V-8 ergine

147. BMW also offered a diesel option in its 3 Series Sedan, called the 335d. BMW

promi sed that its AAdvanced

50 stlateso:

82009 Brochure.

-111-
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This is how much has gone in. And this is what comes out.

At BMW, we create dynamic vehicles that thrill you with cuick acceleration, prediclable handling and urshakable control. We 2re also busy
fincing ways to sustain this level of performance while incoroorating innovativa fuels and technologies to help preserve the environment,
This is whal we refer to as “EfficientDynamics.” This goal has led lo the visionary CleanEnergy fydregen-powered engine, which is currently
used in the emission-frae BMW Hydrogen 7 Sedan. BMW Advanced Diesel with BluePerformance, which offers diesel power with quick

ion, i d fuel efficiency and reduced s being introduced to the U.S. in select models in 2009, inclucing the 335d.
In fact, evary BMW on the road today comes stancard with technelogy that boosts perfarmance while simu/taneoushy reducing fuel consump-
tion 2nd COz emissions.

Valvetronic

Insteac of using a rraditional throti'e, Valvetronic technalogy in
the 328i and 328i xDrive lets the engine breatha more easily by
varying the lift he:ght of the valves to regulate air intake. The
result: improved cold starts. smoother running, and a significant
dropin fuel consumption. Using revolutionary technelogy such
s this, BMW has improved its overzll average fuel econony

Aerodynamics

The more smoothly that air flows over avehicle,
the more efficiently it can coerate. All BMWs are
designed for 2 low coefficient of aerodynamic

drag, which translates into cuicker acceleration,
more stable hancling, quieter operation and greater

mare than any other manufacturer. fuel efficiency. A BMW's integrated front spoilers
reduce the amount of &« flowving undemeath,
Double-VANOS minimizing front-end lift. This allows 2 BMW © hug

VANOS is BMW!s valve timing system that can “steplessly”

vary the points in the combustion cycle when valves open and
close. Double-VANOS refers to the fact that it operates on

both the inteke and exhaust camshafts. Electronically conirolied
in response 1o eng ne speed, load and temperature, VANOS
reduces emissions, and enhances low- 1o medium-speed torgue
&s well as fuel efficiency, {not eveilable in 3354)

the road at higher speeds for axcellent stahility.

BIMW models have low CO, emissions today.
But that's just for starters. We're camying on
our research in the quest to bring you greater
driving pleasure, with fewer emissions and

Efficient transmissions
The 2009 3 Series Sedans channel

Twin-turbocharged engines
Benefiting from BMY's twin-turoccharging

Lightweight construction
Cur engi use lightweight .

Cl

technology, the 335i, 3351 xDrive and
3350 deliver guick accelerstion without
2ny “turbo-lag * Fugl economy is srong,
25 well, thanks te precise piezo direct
fue! injection.

Advanced Diesel with BluePerformance

their pawer through one of two 6-speed
transmissions: a smooth-shifting manual,
and an equally fusl-afficient STEPTRONIC
automatic, Recent refinements to the
automatic transnvssion include a torque
converter that slips less; quicker shifting;
and finer aclaptation to driving style and
conditions. (333 STEPTRONIC autematic
transmission only)

taroughout aur vehicles -in the front section,
for example, or for the suspension, BMWW's
inline six-cylinder twin-turbo engine is all
aluminum; the naturally aspirated inine six

is an aluminumimagnesium composite- the
lightestin its class. Taken together, these
wieight savings leac to lowser fuel consump-
tion and better axle lozd cistribution for more

decreased fuel consumption,

The 335d Sedan benefits from the massive agilty - especially n curves.
power and extraordinary efficiency of BMW's
Advanced Diesel engine, while mesting the

emissions standards of all 50 states, thanks

toits BluePerformance technology.

01073311/105363%1
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148. Like the X5, BMW knewthat prospective buyers of the 335d were interested in

environmental and emissions issues, hence, the 2011 3 Series brochure on its cover focused on

2011 BMW

3 Series Sedan @
328i e

33

33 o The Ultimate
335d Driving Machine®

fLess emissionso:

THE BMW 3 SERIES SEDAN.

JOY HAS NO FINISH LINE.

BMW EfficientDynamics ;:y/
Less omissi More driving pl 4
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149.

THIS IS HOW MUCH HAS GONE IN.

At BMW, we crezte dynamic vehicles that thrill you with quick aceeleration, predictable handling and unshakable control. We are also busy
finding innovative fuels and techrologies that help preserve the environment while delivering legendary performance. This is what we refer
to as “EfficientDynamics." This geal led to the visionary CleanEnergy nydrogen-powered engine ir the BMW Hydrogen 7 Secan. In 2009,
BMW introduced Advanced Diesel with BluePerformance in the U.S,, offering diese! power with quick acceleration, increased fuel efficiency
and reduced emissions. And noiv, BMW's ActiveHybrid X6 and ActiveHybrid 7 venic'es combine combustion and electric power to boost
perfermance while simultzneously reducing fuel consumption and CO, emissions. At BMWY, we ara driven to co much mora wiith less.

BMW again promised that its 335d met emissions requiremeai$ states:

AND THIS IS WHAT COMES OUT.

Valvetronic

Instead of using a traditional throttle, Valvetranic technology in
the 328i/328i xDrwve and TwinPower Turoo 33503351 xDrive lats the
engine breathe more easily by varying the lift height of the vahes
to regulate air intake, The result: improved cold starts, smoother
running, and a significant drop in fuel consumption. Using revo-
lutionary technology such as this, BMW has improved its overall
average fusl economy more than any other manufaclurer,

Aerodynamics

The more smoothly that air flows over a vehicle,

the more efficiently it can operate, All BMWs are
designed for alow coefficient of aerocynamic

dreg, which translates into quicker acceleration,
more stable handling, quieter operation and greater
fuel efficiency. A BMW's integrated front spoilers
reduce the amount of air flowing underneath,
minimizing front-end Iift. This allows a BMW to hug
Double-VANOS the road at higher speeds for excellent stabiity,
VANOS is BMW's valve timing system that can “steplessty”

vary the points in the combustion cycle when valves open and

close, Double-VANOS refers to the fact that it operates on

both the intake and exhaust hafts. Electroniczlly controlied

in response to engine speed, load and temperature, VANOS
reduces emissions, and enhances low- to medium-speed
torque, as well s fuel efficiency. (Not available in 3350 )

BMW models have low CO, emissions today,
But that's just for starters, We're camying on
our research in the quest to bring you greater

TwinPower Turbocharged engines
Benefiting from BMW's new TwinPower

Efficient transmissions
The 3 Series Sedans channel their

power through one of two 6-speed
transmissions: a smooth-shifting manual,
and an equally fuel-efficient STEPTRONC
automalic, Refinements to the automatic
transmission include z terque converter
that slips less; quicker shifting; and finer

Turbo with Valvetronic technology, the

335i and 335i xDrive Sedans deliver quick
acceleration while virtually eliminating turbo
lag. Fue! econcmy is strong, as well, thanks
to High Precision piezo direct fuel injection.

Advanced Diesel with BluePerformance (335q: sreprronic automatic transmis-
In addition to the massive power ofits ~ sionon’y)

TwinPower Turbo engine, the 335d Sedan

benefits from the extraordinary efficiency

of BMW's Advanced Diesel. Thanks toits

BluePerformance technology, it also mests

the emissions standards of all 50 states.

01073311/105363%1

adaptation to driving style and conditions.

Lightvieight construction

Ourengineers use lightvieight aluminum
threughout our vehicles - in the front section,
for example, or for the suspension. BMW's
inline six-cylinder TwinPower Turbo engine is
2ll aluminum; the naturally aspirated inline six
is an alumnum/magnesium composite - the
lightest in its class. Taken tegether, these
weight savings lead to lower fuel consump-
tion and better axle load distribution for more
agility - especially in curves.
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driving pleasure, with fewer emissions and
decreased fuel consumption.
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BMW BLUE PERFORMANCE IS

GREENING DIESEL POWER.

In 1983, BMW introduced the 524td, powered by the fastest diesel
engine in the world at the time. In those days, the common perception
of diesel engines was that they were noisy, ran erratically, and léft a trail
of toxic pollution in theirwake. However, BMW engineers were already
imagining the possibilities of a diesel-powered future.

With the start of the BMW EfficientDynamics program, and fueled by
the desire to explore a new power source for its vehicles, BMW beganits
modem diesel program. Not content with the previously lower standards
for diesel engines, BMW engineers pledged to pursue a cleaner, smoother,
quieter, and more efficient diesel engine. As a result, many of their
diesel-power solutions break new ground - not only for BMW, but for
the entire auto industry, helping to shape the standards of diesel power
for this century.

Today, BMW is not only renowned for its Advanced Diesel engines,
we're winning awards with them. In 2005 and again in 2006, the 3.0-liter
inline six-cylinder Advanced Diesel engine with twin-turbo technology
won “Intemational Engine of the Year” honors in the 2.5-liter to 3.0-liter
category.! And BMW Advanced Diesel with BluePerformance is the same
technology that helped us win “2008 World Green Car of the Year.”2

151.

With BMW diesel engines, there's no sacrificing performance - it's
pure power, through and through. But not all benefits are merely
performance-related. From an environmental standpoint, our diesel
engineshave never been deaner. Take, for instance, our approach to
emissions. Our advanced catalyst system uses Diesel Exhaust Fluid
(DEF), a specially injected ammonia-based fluid, to convert the released
nitric oxides into environmentally compatible nitrogen and vapor. An
additional exhaust filter screens out other particles. To see just how
clean a BMW Advanced Diesel vehicle is, hold a white handkerchief to
the exhaust pipe. It will stay white — afar cry from the days of black diesel
clouds wafting from the exhaust.

High Precision piezo direct-injection technology helps make BMW
Advanced Diesel engines fuel-efficient, as well. In fact, one tank takes
the 335d Sedan up to 585 miles before stopping to refuel.

Now it’s time to imagine the possibilities of your own diesel-powered
future in the BMW 335d Sedan.

* Intemational Engine of the Yearawards.
2The same Advanced Diesel technology as the 118d, winner of the *2008 World Green Car
ofthe Year” award.

xbmwusa.com/EfficientDynamics

BMW promised efficiency and low emissions:

THE BMW ADVANCED DIESEL ENGINE WITH
BLUE PERFORMANCE TECHNOLOGY. IT’S DIESEL,
THROUGH THE LENS OF BMW EFFICIENT DYNAMICS.

Anyone can make a more powerful engine - but trust BMW to make
a more powerful engine that is also more fuel efficient. By adhering
to the principles of EfficientDynamics, BMW is crafting some of the
world’s most innovative powerplants that deliver maximum driving
pleasure with minimum fuel consumption and emissions.

BMW is pleased to offer the 335d - featuring BMW's award-winning
Advanced Diesel engine with BluePerformance. Named the “Inter-
national Engine of the Year” in 2005 and 2006, this 265-hp engine
incorporates the same technologies used ina BMW awarded the title
“2008 World Green Car.” A new breed of diesel power, it's quiet and
smooth-running. Environmentally friendly, too. Thanks to BMW's
BluePerformance Technology, it's 99 percent cleaner than previous
diesels - while remaining 100 percent BMW. As a result, BMW
Advanced Diesel engines meet the emissions standards in all 50
states. Simply put, it'’s the cleanest, most powerful diesel in Americal

BMW Advanced Diesel engines are also highly fuel efficient.
Combining ultra-low sulfur diesel (ULSD) fuel and BMW's precise
fuel injection technology, the 335d’s fuel economy is estimated at
23 mpg city, 36 highway? And while many other new diesel engines
also offer efficiency and low emissions, BMW Advanced Diesel
engines set the standard for torque and pulling power. The 335d
inline six-cylinder engine delivers maximum torque that's worthy
of a V-8: 425 Ib-ft at 1750 through 2250 rpm. It's turbocharged,
also, so it's quick off the mark, accelerating from 0 to 60 mph in
just 6 seconds: The TwinPower Turbocharger is controlled by a
high-performance electronic engine control unit: the turbocharger
develops boost and extra power in immediate response to the small-
est tap of the accelerator pedal. As the engine speed increases up
to the 1750 rpm range, the turbocharger develops maximum torque.
Only one thing is more impressive: how the initial kick of acceleration
is transformed into sheer driving pleasure.
' Claim based on 335d achieving the best CARB emission test results in more categories
than the nearest competitor and published competitor horsepower ratings.
2 EPA-estimated figures are for comparison purposes only. Your actual mileage will vary,
depending on speed, driving habits, trip length and driving conditions; actual mileage may
be lower.

3BMW AG test results. BMW urges you to obey all posted speed laws and always wear
safety belts.
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D. The BMW emission deception= emission nanipulation in real world driving
conditions.

1. Accuracy of PEMS Testing

152. The vehicls weretested over a variety of conditions using a portable emission
measurement system (PEM85 explained below, S i s essentially a fdpo
that allows measurement of emissions outside of a laboratory setting used for certification
testing.

153. PEMS is a collection of measurement devices that has been used since the 1990s
to measte realworld vehicle emissions performance outside of a laboratory. PEMS measures
oxides of nitrogen, total hydrocarbon, methane, carbon monoxide, and carbon dioxide as well as
particulate matter (PM) emissions duringraad driving of light and heavguty vehicles

154. PEMSsystems are highly accurate when compared to chassis dynambasstdr
tests used for vehicle emissions certification. In fact, their accuracy is such that they are currently
integrated into the European vehielmission certification process to test RDE (real driving
emissions). Both EPA and CARB employ PEMS as part of the heavy dusginompliance
program to measure emissions against the not to exceed (NTE) standards, where procedures have
been codified in th code of federal regulations. Furthermore, both CARB and EPA make wide
use of PEMS to evaluate vehicles for the presence of defeat devices. One such study, published
by the Center for Alternative Fudihginesand Emissions (CAFEE) in collaboration with
CARB, made heavy use of PEMS to discover the presence of defeat devices in Volkswagen

diesels’

® Thompson, Gregory Jet. al.fi I-Use Emissions Testing of Ligimuty Diesel Vehicles in
the United States, 0 CAFEE publication, May 15
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155. PEMS has been used since the 1990s to measwwaddlvehicle emissions
performance. These systems are manufactured by highly red@ed weHlestablished
emissions measurement equipment suppliers like AVL, Horiba, and Sensors Incorporated. All
three of these companies are leading suppliers of emissions measurement systems used for
vehicle and engine certification, and they bringrtb&perience in conventional emissions
analyzers to bear in designing PEMS. Conventional gas analysis systems are very large and
complex. Since the years when chassis dynamometer testing was originally introduced, advances
in analyzer technologies overtipast three decades have allowed for the miniaturization of
conventional laboratory analyzers, yielding major size and weight reductions. The introduction
of powerful laptop computers capable of controlling and capturing data from these systems was
also esential their introduction. These technological advances made it possible for high
accuracy emissions analyzers to be deployed on vehicles while driving on the road outside of the
laboratory setting.

156. Conventional emissions tesgimsed for certification of vehicles is performed on a
chassis dynamometeks mentioned abovehte dynamomet er i s a fAtreadm
wheels of a vehicle. The driven wheels are placed on rollers attached to an electric motor capable
of simulatingthe forces on the vehicle during rerdrld driving on the road (in certain instances,
flywheels may also be used to simulate vehicle inertia). The chassis dynamometer simulates
inertial forcesi(e., the resistance to acceleration or deceleration framtlv e hi cl eds wei gl
static friction, rolling resistance, and aerodynamic drag. When properly calibrated, the chassis
dynamometer will simulaterealor | d dri ving with a high degree
procedure is used to verify that rolling rearste and drag are accurately simulated. However,

the inertial load simulation requires very rapid and precise response from the electric motor for

- 117-
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high accuracy. Slow responding systems can uludet the vehicle during acceleration. By
contrast, realorld inertial forces on the vehicle are inherent in PEMS testing since this testing
is conducted on the road in normal driving.

157. The analyzers used to measure gaseous emissions in the chassis dynamometer
setting are accurate to withiL% of the full measurement scale. These analyzers are calibrated
before and after each emissions test to ensure they deliver a high level of accuracy and that the
calibration does not appreciably change (or drift) during the emissions test. Furthermore,
analyzers undergo monthly -p@int calibrations to ensure their response is accurate throughout
the measurement range of each analyzer. These measurements are supplemented with high
precision measurement of ambient temperature and relative humidity. M@xissed for those
values.

158. PEMS analyzers are subject to the same requirements. In fact, analyzers used by
Pl aintiffsd experts have an accuracy of 0. 3%
for chassis dynamometerapzers. These analyzers are also subject to the same monthly 10
point calibration to ensure accuracy throughout the measurement range. The analyzers are also
calibrated before and after each test to ensure they are both accurate and free of excessive drif
Drift has been shown to be far less than 1% even after several hours of testing. PEMS also
employs high accuracy temperature and relative humidity measurements to adjust NOx.

159. Put simply, the analyzers used in chassis dynamorestiing and PEMS testing
have virtually identical levels of accuracy and are subject to the same strict requirements for
calibration and drift.

160. Notably, because PEMS testing is designed for and is conducted on the road in

actual driving, it is potentially more accurate than chassis dynamometer testing in certain
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respects. The chassis dynamometer simulates inertial foeeth€ resistance taeeleration or
decel eration from the vehiclebs weight), stat
When properly calibrated, the chassis dynamometer will simulatevoeld driving with a high
degree of accuracy. uAedibwvearifythdt rdllngresistanee andcdead ur e i
are accurately simulated. However, the inertial load simulation requires very rapid and precise
responses from the electric motor for high accuracy. Slow responding systems caoaohties
vehicle duringacceleration. By contrast, reabrld inertial forces on the vehicle are inherent in
PEMS testing since this testing is conducted on the road in normal driving.

161. One primary difference between PEMS and chassis dynamometer emissions
testing is that the latter mixes the raw exhaust with ambient air in a dilution tunnel to simulate
the effects of vehicle exhaust mixing with ambient air immediately after emission from the
tailpipe. In the case of PEMS, the raw exhaust emissions aremeaghe dilution tunnel has
the largest effect on particulate matter measurements, where sulfate and hydrocarbon aerosols
may be formed during the dilution process, thereby increasing PM emissions. In modern diesels
using lowsulfur fuels, these effecege much less important than in the past, where hydrocarbon
and sulfate formation was much higher. The effect on gaseous pollutants, and in particular NOX,
is negligible. Therefore, the raw gas measurement of NOx taken during PEMS testing will
closely math the diluted exhaust measurement taken in a dilution tunnel.

162. A wide variety of studies have been performed over the years to validate the
accuracy of PEMS. One such study, conducted b

|l eading vehicle research and devel opment comp
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withinD1 0 % acr oss a williwhenrcansidpring that defead devicessresuit in
emissions that are often several times, or even orders of magnitude, higher than the relevant
emissions standards, this level of agreement with chassis dynamemetsions measurement

is more than sufficient to identify the presence of defeat devices and to quantify the effects.

163. A well-designed PEMS test program can account for ambient temperature, traffic
variability, relative positive aeleration (RPA i.e,t he fihardnesso or fAsoftn
driving style), road quality, and wind speed. The effect of wind speed, in particular, can be
averaged out by conducting a large number of tests with variable wind conditions. Tests are
typically repeated dozens of times, with careful attention paid to, among other things, the
average cycle speed, ambient temperature, RPA
extensive experience with chassis dynamometer and PEMS testing, took ma@fures to
ensure tests were conducted properly and according to best practice, with awareness of the
variety of variables to be considered and factored into the interpretation of the results.

164. Notably, chassis dynamomefeasel testing also depends on data collected
through realworld driving. To perform chassis dynamometer testing to certify a vehiclepaah
data must be coll ected for each vehicle that
rolling resistanceah aer odynamic drag (called the vehicl
is conducted over the road and must be repeated multiple times to account for the effects of
variable wind speeds and directions. This kind of repetition is no different thaedbatd to
average out the effects of wind speed during PEMS testing. In order for the chassis dynamometer

to simulate reaWorld driving accurately, the testing conducted over the road to create the road

10 Anderson, Joret. al,  AROad and Chassis Dynamometer Evaluations of Emissions
fromTwo Eur o 6 Di esel-01-¢86 Oatobee2140 SAE 2014
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load model must be generated with great care,stcwy for effects like tire pressure, drive train
resistance, state of maintenance, vehicle inertial load, #te.same issues that must be
addressed when conducting PEMS tests.

165. Furthermore, it is possible to-oeeate virtualy any chassis dynamometer
certification cycle over the road using a PEMS by simply following the same vehicle speed cycle
in a carefully controlled setting. Special te
to allow these test cycles to befeemed on the road.

166. There is a weakness in chassis dynamometer tegtingyas discovered during
t he Vol kswagen diesel scandal, the vehiclebs
vehicle is being tested on a chasifsamometer. In addition to being able to detect that a
certification test cycle is being run, as with Volkswagen, vehicles can use various sensors to
determine the vehicle is on a chassis dynamometer. Types of algorithms used to detect a chassis
dynamometdr include, but are not limited to, the following:

a) Driven wheels are moving but the front wheels are not turning, a condition only

experienced on a chassis dynamometer. All modern vehicles are equipped with

steering wheel angle sensors and can deteenwle steering wheel is being
turned.

b) On a 2wheel drive vehicle, the driven wheels are moving but thednwen
wheels are not, a condition only experience on a chassis dynamometer.

C) On a vehicle equipped with Gk$heGRShe veh
position is not changing.

167. For this reason, while testing on a chassis dynamometer for defeat devices, it can
never be ruled out that the vehicle can detect it is being tested on a chassis dynamometer.
Therefore, rests from chassis dynamometer testing may be dramatically different than those

measured in realorld driving. In contrast to chassis dynamometer testing, the vehicle cannot
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detect the presence of a PEMS. PEMS is not only accurate for detection and qiantidic
defeat devicest is essential.

168. PEMS testing was also used by CAFEE at West Virginia University to test light

duty vehicles under a contract from the Inter

CAFEE relied pimarily on PEMs testing and in the process uncovered the fact that Volkswagen

vehicles were not meeting emissions standards. The ICCT contract with CAFEE mandates that

CAFEE use PEMs.

2. Overview of Testing

169. PEMS and dynamometer testing was performed on two model year 2012 BMW
X5 xDrive3d35ddos (diesel X5), one model year
year 2011 BMW 335d6s (diesel 335), and one
specifics for each vehicle are detailedTiable1 below.

Table 1: List of Vehicles Tested

Vehicle ID Year Model Starting Mileage | EPA/CARB Test Group
2012 X5 Diesel A 2012 X5 xDrive35d 58,323 CBMXT03.0M57
2012 X5 Diesel B 2012 X5 xDrive35d 60,100 CBMXT03.0M57

2011 X5 Diesel 2011 X5 xDrive35d 44,439 BBMXT03.0M57
2011 335 Diesel A| 2011 335d 70,984 BBMXV03.0M57
2011 335 Diesel B| 2011 335d 62,890 BBMXV03.0M57
2012 X5 Gasoline 2012 X5 xDrive35i 73,029 CBMXTO03.0E70

170. All six of these vehicles are certified to EPA Tier 2 Bin 5 and California LEV Il
SULEV standards. The NOx certification limits associated with those standards are shown in
Table2 below. The useful life for all six vehicles is 120,000 miles. The listed test cycles are
explained in greater detail in the next section. In general, the FTP reflects city driving while the

HWEFET reflects highway drivingAs can be seen, the standard is established at both 50,000

-122-
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miles, which is part way through full useful life, and at 120,000. The higher limits at full useful
life allow for some degradation of the emission control system performance.

Table 2: Tier 2 Bin5/SULEV NOx Emission Standards Applicable to All Vehicles

FTP Test Cycle NOx Standard| HWFET Test Cycle NOx Standard
Mileage (City Driving) (Highway Driving)
50,000 50 mg/mile 70 mg/mile
120,000 70 mg/mile 90 mg/mile

171. All six test vehicles were selected to be close to the 50,000 mile standard within
practical limits. The vehicles were carefully screened prior to testing to ensure they had been
properly maintained according to the BMW recommezhdervice guidelines. The vehicles were
also screened for fault codes to ensure the emission control system was operating as intended and
without active faults.

172. All six vehicles are subject to rigorous-board diagnostics (OBD) requirements
that constantly monitor the emission control system. These standards were put in place to ensure
that the vehicle can detect a degraded emission control system. OBD staedairésthat the
vehicle illuminate the malfunction indicator lamp (MIL) if deterioration is detected in the
emission control system. Given that the vehicles are certified to a standard at 50,000 miles, the
assumption should be that any vehicle near thiage and without any active fault codes
should meet those emission standards. The vehicles were deliberately selected with mileage near
the 50,000 mile standard to enstlratdirect comparison with the emission standanehlid.

Every attempt was made select representative vehicles that were free from any potential
emission control system defects.

173. Furthermore, it should be noted that BMW used only one vehicle to certify the
entire model year of each vehicle. For the rangesofliesels from 2009 to 201BMW used

vehicle number LJ95006 as representative of emissions for all model years. For the range of 335
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diesels from 2009 to 201BMW usedvehicle number A26501asrepresentative of emissions
for all model yeard! So eachime BMW applied for a certificate for a new model year, it used
the test results from the same Xi5%d same 335. It was allowed to do so if it certified there was
no material change in the prior mogelarto the new modejear.

3. Dynamometer Testing

174. All five of the diesel vehicles were tested over the #bRand HWFET
dynamomete( fi d y tesb aycles used for vehicle certification using a CFR compliant
laboratory. The test cycles are described below.

a. FTP-75

175. The test cycle for the FFP5, shown as target speed versus time, is shown in
Figure1.*?> The cycle simulates an urban route with frequent stops, combined with both a cold
and a hot start transient phase. The cycle lasts 1,877 seconds (about 31 min) and covers a
distance of 11.04 miles at an average speed of 21.2 mph.

176. The cycle begins with a fiCold Start Pha
the vehicle is tested after sitting without running until all components cool down to the test cell
temperature (i.e. the engine is completely cold). This portion of thpdsss challenges from an
emissions standpoint because it takes some time for the catalysts in the aftertreatment system to
reach the operating temperatures needed to reduce emissions. In the portion of the cycle before
the catalysts reach their minimumesgting temperature (also called the lightoff temperature),
emissions of NOx and other pollutants are relatively high. This phase of the test is meant to

guantify the impact of emissions when a vehicle is started from a completely cold state.

1 https://www.epa.gov/complianandfuel-economydata/annuatertificationdata
vehiclesenginesandequipment

12 hitps://www.epa.gov/sites/production/files/201&/ftpdds. gif
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177. During

the ATransi ent

Phasebo

(Phase

2) .,

operating temperature. The speed profile is largely reflective of stop and go traffic in city driving

conditions.

178. After completion of Phase 2,d@lengine is turned off and the vehicle is allowed to

sit for 9 t

(Phase 3) begins. The test trace for Phase 3 is identical to Phase 1. Phase 3 is meant to quantify

theemissions of starting a vehicle that is already mostly warmed up. The challenges of a hot start

(0]

11 minutes. After

this

wai ti

are similar to a cold start, though less severe because most of the exhaust systems remain

relatively hot during the-41 minute waiting period.

179. Regulations require th#tis test must be conducted at a laboratory temperature

ranging from 68 to 86°F

A0
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Figure 1: FTP-75 emissions test cycle.
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b. HWFET

180. The HWFET (Highway Fuel Economy Test) is primarily designed to represent
highway driving conditions under 60 mph, $égure2.1* Although, as the name implies, the test
is used to assess highway fuel economy, vehicles are subject to emission standards on this cycle
as well. The vehicle is first preconditioned by running one HWFET cycle. After 15 seconds of
idle, the emissions teist started and the HWFET is run ag&in.

181. The cycle lasts 765 seconds (about 12.75 min) and covers a distance of 10.26
miles at an average speed of 48.3 mph. Compared to th&%; TRe test operates at relatively
constant speed, dngh there are a number of small acceleration events.

182. This test can be conducted at any laboratory temperature ranging from 68 to

86°F13

EPA Highway Fuel Economy Test Driving Schedule

Length V&5 seconds - Ddstance = 10.26 miles - Awverage Speed = 483 mph

=d
(]

Yehicle Speed, mph
i
O

(]

(]

o o o - o N - O o0~ ot My - O M 0 - w0 o
o B0 — % = O Mo = g = O Mo ™ N 0 O MO I N
- — — & & & & MMMt 4+ s+ DWW o o - -

Test Time, secs

Figure 2. HWFET emissions test cycle.

¥ https:/lwww.epa.gov/sites/production/files/201&/hwfetdds.gif
1540 CFR § 1066.840
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183. The individual phase and composite results are stumilrable3 below. The
composite result is compared to the 50,000 mile standard, which is deemed to be most relevant to

the test vehicles. Note that dynamometer testing was not performed on the 20kt ga

vehicle.
Table 3: FTP-75 NOXx results for five diesel BMW vehicles tested.

Phase 1 Phase 2 Phase 3 Composite Standard

Vehicle ID (mg/mile) | (mg/mile) (mg/mile) (mg/mile) (mg/mile)
2012 X5 Diesel A 200 23 87 78 50
2012 X5Diesel B 210 51 97 97 50
2011 X5 Diesel 134 28 22 37 50
2011 335 Diesel A 208 66 124 111 50
2011 335 Diesel B 163 18 50 57 50

184. In general, emissions are lowest during Phase 2 when the vehicles are fully
warmed up. Emissiorare highest during the cold start phase, as expected. The hot start phase is
generally second highest in emissions, as expected. Direct comparisons are made to these various
phases in later sections where testing is conducteédazhusing PEMS to simulatikose
specific phases in realorld operation.

185. The results from the HWFEdynotesting are presented Trable4. All five
vehicles pass this highway test cycle, with emissions generally half the standard or less. As with
the FTR75 testing, direct comparisons will be made to the dynamometer test nesatées

sections describing emad testing with PEMS.

Table 4: HWFET NOXx results for five diesel BMW vehicles tested.

01073311/1053639%/1

Vehicle ID Test Result Standard
(mg/mile) (mg/mile)
2012 X5 Diesel A 30 70
2012 X5 Diesel B 28 70
2011 X5Diesel 10 70
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2011 335 Diesel A 37 70

2011 335 Diesel B 6 70

4. PEMS Testing Overview
a. City Driving

186. PEMSTesting was conducted in city driving conditions with the goal of closely
approximating the speeds and aggressiveness BfTtR@5 certification cycle. Recognizing that
emissions can increase if the drive style is aggressive, every attempt was made to drive the
vehicle with conservative, soft accelerations. In addition, the vehicles were driven to control the
average test spe¢al speeds approximating those in the HBPtest.

187. As previously discussed, the average speed of the7/BTdeross all three phases
is 21.2 mph. Great care was taken to ensure city driving speeds would closely approximate this
spead in real world testing. The data was analyzed to account for changing road grades and
vehicle speeds, allowing flat road results at various speeds and results on hills to be analyzed
independently to account for the effects of each variable. In gearyahdividual data point is
constrained to have a length of greater than 3.6 miles, which is the length of the shortest phase of
the FTR75 (Phases 1 and 3). Emissions over very short periods of driving can often be quite
high (for example a ¥8econd sh@ acceleration), so results are averaged over longer distances
to ensure the dat a iteamtéabhsiedt évanss eith highcemissiords. very s

188. In addition to conducting theEMStests with careful control over thadget
average speed, the aggressiveness of the driving was carefully controlled. The aggressiveness of

a driving pattern can be analyzed using a methodology called Relative Positive Acceleration
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(RPAY® 1718 This methodology was used by West Virgibiaiversity in their analysis of
Volkswagen diesels using PEMS. In general, the larger the RPA, the more aggressive the driving
and the sharper the acceleration events. Conversely, smaller RPA values are reflective of
conservative driving with relativelyght accelerations. Great care was taken to ensure the RPA
values in PEMS testing were controlled to values less than th& 5 TFhe results from PEMS
testing are therefore conservative.

189. The vast majority of the city driving tesase conducted with the vehicle fully
warmed up and emission results from these tests are therefore most comparable to Phase 2 of the
FTP-75. Cold and hot starts are analyzed separately.

5. Highway Driving

190. Highway testing was genehalconducted at a steady speed of 60 mph, though
certain test segments cover higher speeds. Testing was conducted in this way as a surrogate for
the HWFET test cycle. This cycle is not a constant speed cycle, though 47% of the cycle covers
speeds betweer05nph and 60 mph. There are, howegewxerakcceleration events on the
HWFET that increase the overall aggressiveness of the cycle relative to the steady speed PEMS
testing. So, while PEMS testing is conducted at the upper end of the speed rangedst that
cycle, acceleration events during PEMS testing are limited and 60 mph is a reasonable surrogate

for the HWFET cycle.

¥Thompson, Gr e guseBmissions Testing of Ligiuty Diésél Wehicles in
the United States, 0 CAFEE publication, May 15

17Weiss, M., Bonnel, PHummel, R., Manfredi, U., Colombo, R., Lanappe, G., Le Lijour,
P., and Scul at +oadeMissions iofAgidatly welclesvgth Rortable Emission
Measurement Systems (PEMS), o0 JRC Scientific a

BEricsson, E. , AVariability in urban driving g
5, pp. 337354, (2000).
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191. Furthermore, steady state vehicle operation represents an ideal condition for an
emission control systemrgie no variables are changing. In that case, emission controls are
expected to be more efficient than in transient conditions where vehicle speed and load are
constantly changing. In the United States, highway speed limits range between 55 mph to 85
mph. Aspeed of 60 mph is considered to be conservatively low from an emissions standpoint,

where drag forces are relatively low compared to higher speeds.

6. Overall City PEMS Results

192. The overall PEMS results for city driving conditics® presented ihable5. The
vast majority of the mileage accumulated in city driving tests was done with the vehicle fully
warmed up and so the PEMSuds are compared with Phase 2 of the #5PIn all cases, the
diesel PEMS results are 3 times the results found on the dynamometer during certification testing
and in all cases the results exceed the emission standard. By contrast, the gasolingg¥5 avera
NOx emission rate is 33 mg/mile, well below the 50 mg/mile standard. Recall that all six
vehicles are certified to the same Tier 2 Bin 5 standard but thevogldd NOx emissions of the
five diesel vehicles are consistently higher than with the gasabimeterpart.

Table 5: Overall city driving PEMS results for five BMW diesels and one BMW gasoline.

PEMS FTP-75
NOx PEMS NOx Phase 2 Factor
Miles Average Maximum NOx Standard Above
Vehicle ID Driven (mg/mile) (mg/mile) (mg/mile) | (mg/mile) | Standard
2012 X5 Diesel A 1,236 374 3,664 23 50 7.5
2012 X5 Diesel B 498 152 875 51 50 3.0
2011 X5 Diesel 455 152 1,261 28 50 3.0
2011 335 Diesel A 328 165 721 66 50 3.3
2011 335 Diesel B 515 72 454 18 50 1.4
2012 X5 Gasoline| 459 33 532 N/A 50 Below
Standard

01073311/1053639%/1
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193. In general, NOx emissions from 2012 X5 Diesel A are significantly higher than
with the other vehicles, being on average 7.5 times the standard. As will be shown, this higher
number is the result of a greater nienbf miles driven in conditions where defeat devices with
very high NOx emissions are active.

194. Similarly, the highway PEMS results are presenteBaible 6.With the diesel
vehicles, all but one exceed the 70 mg/mile highwaydstahin realworld PEMS testing. The
2012 X5 Diesel A is 3.4 times the standard, with emissions much higher than the other diesels.
As with the city driving results, this number is reflective of more miles driven in conditions
where higher emission defeddvices are active. In all cases with the diesel vehicles, emissions
in steady highway conditions are at least a factor of 2.8 higher than the emissions measured on
the dynamometer. The gasoline X5 not only meets the standard but thergaNOXx
emissims are lower than those reported in the application for certification for the HWFET cycle.
Of the five diesel vehicles tested, only the 2011 335 Diesel B has real world highway emissions
below the standard, though those emissions are 8 times higher tissioammmeasured on the
HWFET cycle, indicating that the vehicle has higher emissions in thevoell than on the

dynamometer.
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Table 6: Overall highway driving PEMS results for five BMW diesels and one BMW gasoline.

PEMS PEMS
NOx NOx HWFET Factor
Miles Average | Maximum NOXx Standard Above
Vehicle ID Driven | (mg/mile) | (mg/mile) | (mg/mile) (mg/mile) Standard
2012 X5 Diesel A | 5,167 240 2,365 30 70 3.4
2012 X5 Diesel B | 1,709 91 936 28 70 1.3
2011 X5 Diesel 1,461 88 1,213 10 70 1.3
2011 335 Diesel A| 581 102 532 37 70 15
. Below
2011 335 Diesel B| 738 48 269 6 70 Standard
2012 X5 Gasoline | 1,820 26 85 5219 70 Below
Standard

195. Again, it should be noted that prevailing seasonal weather conditions for all diesel
vehicles except for 2012 X5 Diesel A precluded testing in conditions where the highest emission
defeat devices are active. It was not possible to test the other diesel vehicles in the cold weather
conditions where reakorld conditions are highest becaulse test campaign for the remaining
four diesel vehicles was conducted in the summer months. Theaddlaverages would be
much higher if testing covered those colder temperature ranges.

7. Ambient Temperature Defeat Device

196. Extensve testing was conducted on 2012 X5 Diesel A and 2012 X5 gasoline
across a wide variety of ambient temperature conditions ranging from 6°F to 93°F. As can be
seen inFigure3, NOx emissions are strongly dependent on ambient temperature, with increases
to levels as high as 1,518 mg/mile as the temperature drops below 68°F, the lower limit of the
certification test wadow. In the analysis, test segments below 3.6 miles are excluded (shorter

than a phase of the FTP); emissions can be very high even in properly operating vehicles over a

19 Result from the application for certification,
https://iaspub.epa.gov/otagpub/display_file.jsp?docid=25761&flag=1
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very short test segment. Cold start and hot start emissions are also excludén fanialysis.
Only test segments conducted on flat roads with grades bet@@8f and 0.3% are included.
Active regenerations (discussed later), which lead to very high NOx emissions, were also
excluded.

Emissions vs Amb Temp Upper temperature limit of
certification test

Lower temperature limit of
certification test

NOX (i

0 10 20 30 40 50 60 70 80 90 100

Ambient Temp (degF)

Figure 3: NOx emissionsas a function of ambient temperature in city driving
conditions for 2012 X5 Diesel A. Certification limit shown in red.

197. The average emissions for various temperature windows are shown in Table 7,
along with various parameters dktemission controls system. As temperature decreases from
the certification window, emissions increase from 190 mg/mile in the certification window to as
high as 526 mg/mile on average in the window between 11 and 30°F. The higher emissions are a
resultof decreasing EGR rate as temperature decreases. In this case the EGR valve position is
used as a surrogate for the actual EGR rate, though they are directly related. With the EGR valve
fully closed (0%), no exhaust gas is recirculated. As the temped®areases from the
certification window, the high pressure EGR valve position is moved from 43.2% on average to

34.6%. In the certification temperature window, the low pressure EGR valve position is 43.5%.

- 133-
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Below 50°F, low pressure EGR is disabled compjets reflected by the neaero valve
positions. EGR can only be disabled in this fashion by software commands

Table 7: PEMS results for various ambient temperatures along with emission control system
operating parameters,city conditions.

Ambient NOXx HP EGR | LP EGR Engine-Out SCR
Temperature (mg/mile) (%) (%) NOx (mg/mile) (%)

< 10°F Not tested
11-30°F 526 34.6 0.1 1,999 74%
31-50°F 286 43.6 3.5 1,497 81%
50-68°F 269 47.1 31.4 641 58%
(certifiggi%iosvindow) 190 432 | 435 995 82%
>86°F 97 46.2 56.6 448 65%

198. As aresult of the decreases in EGR, engineemissions increase from 995
mg/mile in the certification window to 1,999 mg/mile on average between 11 and 30°F. With
decrease®CR efficiency as temperature decreases, the SCR system does not adequately reduce
the higher engineut NOx emissions and tailpipe NOx emissions increase dramatically as a
result.

199. The 2012 X5 Gasoline was tested over a rangenbient temperatures in city
driving conditions from 0°F to 91°F. As with the diesel, cold starts are excluded from the
analysis. However, road grades are not; the vehicle is capable of maintaining low emissions even
on hills (the diesels generally have ilyOx emissions on hills, as discussed later). The results
are shown irFigure4. For the gasoline X5, NOx emissions are not a function ofeesiyre.

NOXx emissions are maintained below the standard throughout the temperature range tested.

- 134-
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Figure 4: NOx emissions as a function of ambient temperature in city driving
conditions for 2012 X5 Gasoline. Certificatiodimit shown in red.

200. The results for highway testing of 2012 X5 Diesel A are shokigare5 and
Figure6. These two plots display the same d&igure6 is zoomed in on the-gxis to remove
the highest emission rates at low temperature to better see the trend as temperature decreases.
Cold starts, hot starts, @moad grades are excluded from the analysis. Active regenerations were
also excluded.

201. As the city driving conditions, NOx emissions are a strong function of ambient
temperature, with levels as high as 2,365 mg/mile at tempesdialew 10°F. Emissions also
sharply increase as the temperature exceeds the upper limit of the certification test window,
86°F. For context, the oldest publicly available certification document for a BMW dates from

1972 for the BMW model 2002. The emissicertification value for that vehicle was 2,100
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mg/mile NOx?° At temperatures below 10°F, emissions from the 2012 X5 diesel are higher than

an emission standard that is nearly 50 years old.
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Figure 5: NOx emissions as dunction of ambient temperature in highway
driving conditions for 2012 X5 Diesel A. Certification limit shown in red.

20
https://ww3.arb.ca.gov/sprog/onroad/cert/pcldtmdv/1972/bmw_pc_a0010000_1d98_ta0.pdf
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Upper temperature limit of

Emissions vs Amb Temp
certification test

Lower temperature limit of
certification test

0
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Figure 6: NOx emissions as a function of ambient temperature in highway
driving conditions for 2012 X5 Diesel A. Certification limit shown in red.
Zoomed in compared toFigure 5 to better show trend.

202. As with the city driving conditions, the high pressure and low pressure EGR rates
are systematically reduced with decreasing ambient temperature. Below 10°F, the high pressure
EGR system is disabled. Below 50°F, the low pressure EGR system is disaldecsa,
engineout NOx emissions increase with decreasing ambient temperature from 463 mg/mile in
the certification temperature window to 3,356 mg/mile below 10°F. The SCR efficiency is also
systemically reduced as ambient temperature decreases, fiefficeamcy of 81% in the
certification window to 46% at temperatures below 10°F. Below 10°F, NOx emissions are 1,853
mg/mile on average, or more than 26 times the standard. In the temperature window from 11 to
30°F, the average emission rate of 499 mg/milétimes the standard. In the range between 31

and 50°F, the emission rate is 221 mg/mile on average, or 3.2 times the standard.
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Table 8: PEMS results for various ambient temperatures along with emission control system
operating parameters, highway conditions.

Ambient NOx HP LP EGR Engine-Out SCR (%)
Temperature (mg/mile) EGR (%) NOx (mg/mile)
(%)
< 10°F 1,853 1.0 0.0 3,356 46%
11-30°F 499 25.1 0.0 1,800 74%
31-50°F 221 38.9 0.1 994 7%
50-68°F 120 56.6 16.1 379 69%
68-86°F 0
(certification window) 85 35.9 59.7 463 81%
>86°F 167 38.0 61.7 394 54%

203. It should be noted that this reduction in EGR cannot be due to a system

malfunction. Not only is the EGR system monitored by the OBD to ensure it is operational, but

the valve positions reported above aredbmmandegbositions sent from the Bosch EEXC to

the EGR valves. Each EGR valve has a position sensor that reports back the position of the EGR

valve to ensure the actual EGR valve position matches up with the commanded valve position.

204. Furthermore, the SCR system is monitbby the OBD system. The SCR system

efficiency is directly related to the amount of urea injected into the SCR system, which is

controlled by the EDEL7. The NOx sensors in the exhaust allow the system to perform

diagnostic checks to ensure the SCR syssgperforming as designed.

205. The 2012 X5 Gasoline was also tested across a broad range of ambient

temperature conditions in highway testing. The results are shawigure7. As with the city

driving, hi

S ar

e

i ncl

uded with

t

h e

function of road grade (discussed later). NOx emissions are not a functimiieha

gasoline

temperature for the 2012 X5 Gasoline. In fact, emissions are well below the standard across the

entire temperature range. At temperatures below 10°F, the X5 gasoline emissions are 12

01073311/1053639%/1
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mg/mile; the diesel NOx emissions in the same temperature wingob4 times higher on

average.
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Figure 7: NOx emissions as a function of ambient temperature in highway driving
conditions for 2012 X5 Gasoline. Certification limit shown in red.

E. Ambient Temperature Software Commandin the Other Four BMW Diesel Cars
Results in Excess Emissiorand Revealsa Temperature Defeat Device

206. As previously discussed, because the test campaign for the other four BMW
diesel passenger cars took place insiimamer, it was not possible to test the cold ambient
temperature conditions where emissions were observed to be highest on the 2012 BMW X5

Diesel A. In general, it was only possible to test temperatures from th&0sit low 90s

Fahrenheit.
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1. City Driving Conditions

207. The temperature dependence of 2012 X5 Diesel B, 2011 X5 Diesel, 2011 335

Diesel A, and 2011 335 Diesel B is shown in the figures below for city driving conditions. As

with previous analysis, cold start, hot start, rgeatles, and active regenerations are excluded

from the analysis.

208. Forthe 2012 X5 Diesel Biigure8, theemissionsncreaseas temperatures drop

below the 68°F certification window. Emissions increase on either side of the certification

temperature window (686°F) for the 2011 X5 DiesdFigure9, Figure10, andFigurell.
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Figure 8: NOx emissions as a function of ambient temperature in city driving
conditions for 2012 X5 Diesel B. Certification limit shown irred.
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Figure 9: NOx emissions as a function of ambient temperature in city driving
conditions for 2011 X5 Diesel. Certification limit shown in red.
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Figure 10: NOx emissions as a function of ambiertemperature in city driving
conditions for 2011 335 Diesel A. Certification limit shown in red.
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Figure 11: NOx emissions as a function of ambient temperature in city
driving conditions for 2011 335 Diesel B. Certification limitshown in red.

a. Highway Driving Conditions
209. The temperature dependence of 2012 X5 Diesel B, 2011 X5 Diesel, 2011 335
Diesel A, and 2011 335 Diesel B is shown in the figures below for highway driving conditions.
As with previousanalysis, cold start, hot start, road grades, and active regenerations are excluded
from the analysis.

210. The results are shown Figure12 throughFigurel5 below. As with the city

results because of the timing of the testjirgwide enough temperature window was not tested to

show the effects of reduced EGR and SCR at temperatures outside the certification test window.
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Figure 12: NOx emissions as a function of ambient temperature in highway
driving conditions for 2012 X5 Diesel B. Certification limitshown in red.
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Figure 13: NOx emissions as a function of ambient temperature in highway
driving conditions for 2011 X5 Diesel. Certification limit shown in red.
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Figure 14: NOx emissions as a function chmbient temperature in highway
driving conditions for 2011 335 Diesel A. Certification limit shown in red.
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Figure 15: NOx emissions as a function of ambient temperature in highway
driving conditions for 2011 335 Diesel B. Cerfication limit shown in red.
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2. City Driving Comparison to Phase 2 of FTR75

211. As previously discussed, the vast majority of the city driving is conducted with
the vehicle fully warmed up, and thus a comparison to Phase 2 of the FibBtiappropriate. If
the results are filtered to remove cold starts, hot starts, active regenerations, and road grades, the
PEMS results can be compared to Phase 2 of the/BTdrectly. As shown in Table 9, the
emissions ottheroad with PEMS testing wier conditions that are equivalent to the FBPboth
in terms of average speed and RPA (aggressiveness of driving) are higher than emissions
measured on the F¥P5. Thisindicates thathe vehicles operate differently in the real world
than on the dynamoater. In all cases, emissions are at least 1.9 times higher in the real world
than on the dynamometer. Again, the higher emissions of the 2012 X5 Diesel A are explained
from the additional miles driven with the ambient temperature defeat device active.

Table 9: Comparison of PEMS city driving to Phase 2 of the FTF/5.

PEMS
NOx FTP-75 Factor
Average Average | Phase 2 NOx| Increase
Vehicle ID Speed (mg/mile) (mg/mile) Above FTP
2012 X5 Diesel A 225 316 23 13.7
2012 X5 Diesel B 23.7 108 51 2.1
2011 X5 Diesel 22.4 91 28 3.3
2011 335 Diesel A 24.7 128 66 1.9
2011 335 Diesel E 20.5 47 18 2.6

212. BMW presented the results of the FTP for the X5 at the 2007 Diesel Engine
Efficiency and Emissions Resear€onference in Detroitt SeeFigure16 below. The black and

green curves are of particular interest here, as they present the concentfd@nduring the

21 Mattes, Wolg a n g . AThe BMW Approach to Tier 2 Bi
2007.
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FTP-75 as well as the efficiency of the SCR system (i.e. the percent of the NOx that is reduced).
As previously mentioned, NOx concentrations (the black line) are particularly high during the
cold start, Phase 1. This is the first 505 seisoof the plot. During that time, because exhaust
temperatures are relatively low and the SCR catalyst is not yet active, NOx emissions are high.
Upon completion of Phase 1, the SCR efficiency (green line) is greater than 99%. This is the
case all the wathrough Phase 2 to 1372 seconds, where Phase 2 ends. At about 2000 seconds,
Phase 3 begins. Again, NOx concentrations temporarily increase while the exhaust catalysts
warm up, but the effect is relatively minor. As can be seen on the test, once the systans is
heated up, the SCR system is capable of near 100% reduction in NOx. The vast majority of the
NOx from the test cycle comes from the cold start, as previously explained. The resulting
weighted average NOXx rate is 43 mg/mile, just under the 3thiegstandard.

213. I n short, BMW6s own technical presentat
heated to operating temperature, the SCR system effectiveness is near 100%. In its own training
documentation, BMW states:

A S el e dalytic veductiorais currently the most effective system
for reducing nitrogen oxides (NOXx). During operation, it achieves
an efficiency of almost 100% and approx. 90% over the entire

vehicle operating range. The difference is attributed to the time the
sstem requires until it %s fully operat|

214. Simply put, the SCR can reduce NOx to meet emissions standards if the

effectiveness of the SCR is not programmed to be derated.

223 Tec hni c aProdiict laférmation. g\dvanced Diesel with BluePerformance, 335d,
Xdrive3d35d, 0 BMW AG, June 2008.
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215. Using proprietary softwar e 75¢ivirmgicyale i f f s o

on a perfectly flat and isolated road, with the emissions measured with PEMS. This testing was

conducted 02012 X5 Diesel A. The vehicle was allowed to soak for 8 hours prior to the test,

and testing was conducted at a temperature at or near 68°F. During the stabilized phase, Phase 2,

emissions were found to be 9 and 38 mg/mile for the two tests conducted,deerage of 24

mg/mile. This result corresponds closely with the result found on the dynamometer (23

mg/mile). This result suggests that the vehicle is capable of significant emission reductions both

on the road and on the dynamometer.

216. Testingonthe FTF 5 requires foll owing

a

very

for a given time. However, when testing is conducted under conditions that have the same

average speed and RPA as Phase 2 of the/BTRut a different and arbdary test tracé

emissions increase dramatically.

01073311/1053639%/1
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217. For tests conductedith the vehicle fully warmed upnd average speeds between
16 and 20 mph (the average speed of Phase 2 is 16.1 mph), the emissions are 271 mg/mile on
averagen the temperature band near the certification temperature window. Note that test drive
lengths werat least4 miles, and up to 12.1 miles, to ensure statistical significance. Phase 2 is
3.86 miles. RPA values were maintained at or below those levadsiexped on the FTP. In
other words, when the test trace is arbitrarily changed to another trace with a similar profile,
emissions increase from an average of 24 mg/mile to 298 mg/mile, or by a factor of 10.

218. The vehicle is therefe able to detect the certification test cycle and adjust the
emi ssions performance when it fAknowsodo the tes
all stop and go speeds and all ambient temperature conditions, emissions are approximately 316
mg/mile.

219. In all cases, the high pressure EGR rates are relatively consistent from test
condition to test condition. However, compared to the FTP Phase 2 test run on the road, where
the SCR NOx reduction is 93%, the reduction onraparable (but arbitrary) test cycle is 58%.

The numbers are similar when all average cycle speeds are considereehicledetecs the

test trace and redusthe effectiveness of the SCR system when it detects the/BTé&st cycle

is not being run. The amount of low pressure EGR is also reduced from the FTP Phase 2 test
cycle from 53.2% to between 32% and 37% when the test cycle is changed to an arbiitary
again, parametrically simildrspeed trace. Significantly, for cases where the arbitrary cycle was
run, the SCR reduction is nowhere near the 90% claimed by BMW in its own technical literature
and demonstrated on the F¥B. There is no technical jufstation for this change in SCR

performance on similar driving cycles.
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Table 10: Comparison of onroad PEMS FTP test to other PEMS testing in city driving conditions.

Average SCR
NOx Average HP Average LP Reduction
Test Condition (mg/mile) EGR Rate EGR Rate Efficiency (%)
FTP Phase 2 Driven on the Ro 24 47.6% 53.2% 93%
16-20 mph, arbitrary cycle 294 49.8% 36.9% 58%
All speeds, arbitrary cycle 291 48.4% 32.1% 57%

3. Cold and Hot Start Emissions

220. The vehicles were also tested in cold start conditions to simulate Phase 1 of the
FTP-75. The vehicles were started from a completely cold state, as with thé5-iRrl the test
segments were controlled to a length of 3.6 miles, the length of PhaseelFGiRhThe average
speed was also controlled to approximate the average speed of Phase 1 ofibe Z5I€ mph.

The results are shown irablel11.

221. For the three X5 diesels, cold start emissions are anywhere from 1.6 to 3.8 times
the emissions found during the cold start test on the dynamometer. Cold start emissions are
important because trips of short duration have NOx emissiat are dominated by cold start
behavior.

222. For the 335 diesels, the effect is less dramatic, though emissions are still 1.3 to 1.5
times the values found when tested on the dynamometer.

Table 11: Comparison of PEMS cold start emissions to the cold start phase of the FI#5, Phase 1.

Avg. | PEMS Cold FTP-75 Factor Above
Speed Starts Phase 1 Dynamometer
Vehicle ID (mph) (mg/mile) (mg/mile) Result

2012 X5 Diesel A | 23.9 667 200 3.3
2012 X5 Diesel B 214 340 210 1.6
2011 X5 Diesel 21.0 511 134 3.8
2011 335 Diesel A| 17.8 317 208 15
2011 335 Diesel B| 19.5 209 163 1.3
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223. Similarly, hot start emissions were analyzed for all 5 vehicles and compared to
Phase 3 of the FFIP5, the hostart portion of the FTH#5. As with Phase 1, the average speed of
Phase 3 is 25.6 mph and the phase is 3.6 miles in length. Tests were controlled to this length, and
average speeds were meant to approximate Phase 3 of tdbFTP

224. The results are shown in the table below. The hot start emissions for the three X5
diesels range from 2.5 to 10.9 times the result on Phase 3 of thé5-TRese results are
particularly unusual given that, in many cases, the hot starts were perfdtenaxhly a very
short period of time with the engine off. In that case, the catalysts in the exhaust stream have
very little time to cool down and are close to normal operating temperature once the engine is
started.

225. The 335 diesls range anywhere from 2.5 to 5.9 times the value found on Phase 3
of the FTR75.

Table 122 Comparison of PEMS hot start emissions to the cold start phase of the FTP, Phase 3.

Avg. PEMS Hot FTP-75 Factor Above
Speed Starts Phase 3 Dynamometer
Vehicle ID (mph) | (mg/mile) (mg/mile) Result

2012 X5 Diesel A| 36.4 468 87 54
2012 X5 Diesel B| 23.1 241 97 2.5
2011 X5 Diesel 22.1 239 22 10.9
2011 335 Diesel A| 12.9 312 124 2.5
2011 335 Diesel B| 12 296 50 5.9

226. These results show that BMW is employing an illegal software defeat strategy on

both cold and hot start tests. Furthermore, these results are consistent with a 2016 study by the
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European group Transport and Environmer8iept ember 2016 titl ed, ADI
H o w?® SeeFigurel?.

227. The group finds that hBMWaeéngvi me® wdbegli o
adjustment of emission controls outside the certification ambient temperature window) and hot
start defeat devices on their Euro 6 diesel cars (a European emission standard that requires

similar emissions architecture as the US Ti&ir25 standard).

Full ‘Dirty 50’ list of Euro 6

Possible defeat

Brand Model Engine strategy to examine
Audi A8 3.0TDI

2 Series GT 216d

5 Series Wi 530d
BMW

4 Series 420d
X3 xDrive20d

Figure 17: Excerpt from Transport and Environment report showing the use of
defeat devices in Euro 6 BMW diesel vehicles.

4. Highway Driving Comparison to HWFET

228. If cold starts, hostarts, active regenerations, and road grades are removed from
the analysis (all of which lead to increased NOx emissions), the highway results at steady speed
can be compared directly to the HWFET. Again, the results of 2012 X5 Diesel A are
significantlyhigher than with the other vehicles because of the larger ambient temperature
window tested. In all cases, the emissiotnPEMS testing are higher than the emissions on the
dynamometemdicating thathe performance on the certification test cycle israptesentative

of realworld driving conditions.

23

https://www.transportenvironment.org/sites/te/files/publications/2016 09 Dieselgate report_wh
o_what_how_FINAL_O.pdf
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Table 13 Comparison of PEMS testing on the highway and HWFET dynamometer results.

PEMS NOx

Average HWFET NOXx Factor Increase

Vehicle ID (mg/mile) (mg/mile) Above HWFET
2012 X5Diesel A 266 30 8.9
2012 X5 Diesel B 54 28 1.9
2011 X5 Diesel 54 10 5.4
2011 335 Diesel A 77 37 2.1
2011 335 Diesel B 31 6 5.2

5. Influence of Road Grade

229. The NOx emissions were tested as a function of road grade under steady speed
conditions. In the analysis below, cold starts, hot starts, and active regenerations are excluded.
Only ambient temperatures greater than 50°F are included to eliminate the ndmpaffect
of ambient temperature. The NOx emissions as a function of road grade are skoyunat8
throughFigure23. All five of the vehicles show a very strong dependence on grade. In general,
NOXx emissions increase significantly greater than about 1%. However, the 2012 X5 Gasoline is
shown tohave no dependence on road grade. NOx emissions are well below the standard for all

grades measured (up to 3.1%).
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Figure 18: NOx emissions as a function of road grade for 2012 X5 Diesel A. Red line shows the
emission standard.
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Figure 19: NOx emissions as a function of road grade for 2012 X5 Diesel B. Red
line shows the emission standard.

- 153-
01073311/1053639/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 166 of 459 PagelD: 2973

Emissions vs Road Grade
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Figure 20: NOx emissions as a function of road grade for 2011 X5 Diesel. Red
line shows he emission standard.
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Figure 21: NOx emissions as a function of road grade for 2011 335 Diesel A. Red line
shows the emission standard.
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Emissions vs Road Grade
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Figure 22: NOx emissions as a function of road grade for 2011 3¥%esel B. Red line
shows the emission standard.
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Figure 23: NOx emissions as a function of road grade for 2012 X5 Gasoline. Red
line shows the emission standard.

- 155-
01073311/105363%/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 168 of 459 PagelD: 2975

230. These results are summarizediaible 14. Virtually all vehicles exceed the 70
mg/mile NOx standard when the road grade rises above 0.4%. At road grades of 2.1% or more,
emissions are ore than three times the standard (the only exception being 2011 335 Diesel B
because very few data points were collected). The 2012 X5 Gasoline shows no dependence at all
on road grade, and NOx emissions remain quite low even with grbdes3.0%.

Table 14: Summary of NOx emissions as a function of road grade for all six vehicles, mg/mile.

Road Grade 2012 X5 2012 X5 2011 X5 | 2011 335| 2011335 | 2012 X5
Diesel A Diesel B Diesel Diesel A Diesel B Gasoline
Flat 110 54 54 77 31 28
0.4% to 1.0% 129 106 71 145 42 26
1.1% to 2.0% 164 149 233 257 147 25
2.1% to 3.0% 329 226 600 454 95 22
3.1% + 673 529 589 337 103 19

231. Tablel5shows the relevant emission control system parameters as a function of
road grade for the 2012 X5 Diesel A. As road grade increases, both high pressure and low
pressure EGR rates are redudedding to engine out emissions that increase from 325 mg/mile
on flat roads to 1,485 mg/mile on roads with grades greater than 3.0%. The relatively poor SCR
efficiency leads to high tailpipe NOx emission numbers.

Table 15: 2012 X5Diesel A NOx emissions dependence on road grade as well as emission
control system parameters.

SCR
NOXx HP EGR | LP EGR | Engine Out NOx | Efficiency
Road Grade (mg/mile) (%) (%) (mg/mile) (%)

Flat 110 39.5 33.8 325 52%
0.4% to 1.0% 129 35.2 42.1 445 69%
1.1%to 2.0% 164 24.8 45.9 594 72%
2.1% to 3.0% 329 15.0 34.0 821 61%
3.1% + 673 13.9 29.6 1485 56%

232. The same behavior is observed with 2012 X5 Dies@laBle16, with decreasing
rates of high pressure and low pressure EGR as the road grade increases. Tramuehigixe
emissions rise dramatically from 357 mg/mile on flat roads to 1,609 mg/mile \adhgrades

above3.0%. The SCR efficiency gradually decreases as well, with the result that tailpipe NOx
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emissions are 7.6 times the standard when the road grade exceed3 Be0émissions
performance on theéynamometeis expected to reflect realorld driving conditions, and this

type of grade is a normally encountered road grade.

Table 16: 2012 X5 Diesel B NOx emissions dependence on road grade as well as emission
control system parameters.

SCR
NOXx HP EGR | LP EGR | Engine Out NOx Efficiency
Road Grade (mg/mile) (%) (%) (mg/mile) (%)

Flat 54 46.5 64.1 357 85%
0.4% to 1.0% 106 33.5 64.0 499 77%
1.1% to 2.0% 149 29.7 58.9 586 74%
2.1% to 3.0% 226 17.2 40.1 1032 79%
3.1% + 529 15.7 39.3 1609 75%

233. The 2011 X5 Diesel continues the trefdble17. Both high and low pressure
EGR are reduced, with resulting engim&t NOx emissions increasing from 3@i/mile to
1,226 mg/mile as the road grade increases to 3.0%. The SCR efficiency decreases as well,
leading to tailpipe NOx emissions 8.4 times the standard with a grade greater than 3.0%.

Table 17: 2011 X5 Diesel NOx emissions gendence on road grade as well as emission control
system parameters.

HP SCR
NOXx EGR LP EGR Engine Out NOXx Efficiency
Road Grade (mg/mile) (%) (%) (mg/mile) (%)

Flat 54 40.0 62.0 361 85%
0.4% to 1.0% 71 31.1 58.9 477 86%
1.1% to 2.0% 233 21.6 46.6 678 66%
2.1% to 3.0% 600 15.6 34.5 1279 54%
3.1% + 589 8.2 28.2 1226 52%

234. For the 335 diese|ghetrend is the same. For 2011 335 DieseTAble18, the
high pressure EGR is reduced as the road grade increases, leading to an increaseaatengine
NOx rom 252 mg/mile to 620 mg/mile. The SCR efficiency is reduced as road grade increases,

with tailpipe NOx emissions that are 4.8 times the standard with grades higher than 3.0%.
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Table 18 2011 335 Diesel A NOx emissions dependence on road grade as well as emission
control system parameters.

NOx HP EGR Engine Out NOx | SCR Efficiency
Road Grade (mg/mile) (%) (mg/mile) (%)
Flat 77 83.1 252 70%
0.4% to 1.0% 145 76.5 345 60%
1.1% to 2.0% 257 69.5 507 51%
2.1% to 3.0% 454 58.9 692 35%
3.1% + 337 60.2 620 46%

235. Finally, the results from 2011 335 Diesel B are showhahble19. The operation
of the emission control system is consistent with the other vehidegver. The higipressure
EGR rate is reduced with increasing road grade, leading to an increase inarigitx
emissions from 316 mg/mile to 831 mg/mile. SCR is generally reduced as road grade increases,

with the result that tailpipe NOx emissions are 2.1 times timelate for grades greater than

1.1%.
Table 19: 2011 335 Diesel B NOx emissions dependence on road grade as well as emission
control system parameters.
NOXx HP EGR Engine Out | SCR Efficiency

Road Grade (mg/mile) (%) NOx (mg/mile) (%)
Flat 31 80.5 316 90%
0.4% to 1.0% 42 76.3 398 90%
1.1% to 2.0% 147 69.3 649 79%
2.1% to 3.0% 95 64.6 770 88%
3.1% + 103 56.4 831 88%

236. Road grades are common on controlled access highways in the United States. The
following plot shows the road grade distribution for 127,000 miles of controlled access highways
in the United Staté&Error! Reference source not found.andFigure24 show the road grade

distribution for the highways studied. Less than 20% of the highway mileage analyzed is flat.

24Wood, Eric,etal . A EPA GHG Cer tandHeavyputy ehiclem f Medi um
Development of Road Grade Profiles Representative of US Contfoled e s s Hi ghways, 0
NREL Study under Contract BEC36-08G028308, May 2015.
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Roughly 40% of highway mileage in the United States has a grad@%fdf more, and roughly
20% of highway mileage has a grade of 2.0% or more.

237. As described below, all of the BMW diesels used a filter to control diesel soot,
and sometimes rely anprocesscalledactive regeneration to removeoso Active regeneration
increases fuel consumption and results in high tailpipe emissions. Regulators account for the use
of active regeneration when certifying a vehicle. All of the vehicles exceed the permissible
active regeneration frequency and eec®Ox limits.

238. In addition to excess NOX, the active regeneration for the X5 diesels results in a
decrease in fuel economy from 17.9% to 36% in city driving and 25.2% to 30.4% in highway
driving, making these cars have a fuel emog almost the same as a gas car. The same is true
for the 33i diesels. BMWid not discloséhis reduction in fuel econongs a result of frequent
active regeneration

239. Based oran analysis of roadistribution, it wouldtherefore be expected that
emissions from the BMW diesels would be 147 to 257 mg/mile 40% of thehéneshicles are
in operation(greater than 1.0% road grade), or 2.1 to 3.7 timesrttissionstandard. Emissions
would be expected to range from 95800 mg/mile 20% of the timine vehicles are in operation
(grade greater than 2.0%), or 1.4 to 8.6 timesthissionsstandard.

240. Approximately 10% of highway mileage has a road grade of 3.0% or more, where
emissions can reach ldgas high as 10873 mg/mile, depending on the vehicle, or 1.5 t0 9.6

times theemissionstandard.
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Figure 24: Distribution of road grades for 127,000 miles of controlled access
highways in the United States.

6. Active RegenerationsResults in High Emissions andA Reduction in Fuel
Economy

241. All five BMW diesels use a diesel particulate filter (DPFémtrol diesel
particulate matter (soot, or PM) emissions. In normal operation, these DPFs burn off trapped PM
using passive oxidation, a catalytic process that occurs at normal diesel exhaust temperatures.
However, if the passive regeneration performasgesufficient to remove collected PM, the
engine must rely on a process called fAactive
engine heats the exhaust to a temperature of approximately 600°C to remove the collected PM
without the need for a catalt. These events are generally undesirable because they increase fuel
consumption and result in very high tailpipe NOx emissions. By design, active regenerations are
supposed to be infrequent events because of their emissions and fuel economy impacts.
Regulators account for the increase in overall NOx attributed to active regeneration using an
Infrequent Regeneration Adjustment Factor (IRAF), often called an Upward Adjustment Factor

(UAF) andtesting reveals active regeneration far in excess of the p@taisgquency
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242. The calculation, which is described in CFR 86028 paragraph (i), amounts to
a simple weighted average of emissions when active regenerations events are NOT occurring,
multiplied by the fraction of time when tage regeneration is not occurring, plus the emissions
during active regeneration multiplied by the fraction of time active regeneration occurs.

243. The following simple example illustrates a typical calculation:

- Normal emissions aweasured on the FTP without active
regeneration = 37 mg/mile

- Emissions measured on the FT® with active regeneration =
500 mg/mile

- Fraction of driven miles during which active regeneration
occurs = 2%

244. Emissions for céification purposes would therefore be:
(37 mg/mile) x 98% + (500 mg/mile) x 2% = 46 mg/mile

245. The difference between the emissions as measured on théSHiiRl the
weighted average emissions that include the impact of actjemeeation is called the Upward
Adjustment Factor (UAF). The UAF in this example would be (46 mg/irdé mg/mile) =9
mg/mile. It essentially quantifies the increase in NOx due to thetEmgtimeweighted effect
of active regenerations.

246. When certifying a vehicle, the upward adjustment factor must be added to the
emissions certification test results. The sum of the two must be less than the emission standard.
The following table lists the FFIP5 emission result, UAF, and ceitdition emissions for the
relevant vehicle model years. Note that the certification result is rounded to one significant digit
so, for example in model year 2009, 29 + 2 = 31 is rounded down to 30 mg/mile. In the
certification application, the same upwadjustment factor (2 mg/mile) is added to the HWFET

result.
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Table 20: UAFs for the BMW diesel vehicles.

Upward
Adjustment Certification Result
FTP-75 Factor (Rounded to One
Model Year result (UAF) Digit) Standard

2009 X5 29 2 30 50 mg/mile
2010 X5 29 2 30 50 mg/mile
2011 X5 37 2 40 50 mg/mile
2012 X5 37 2 40 50 mg/mile
2013 X5 37 2 40 50 mg/mile
2009 335 34 2 40 50 mg/mile
2010 335 34 2 40 50 mg/mile
2011 335 34 2 40 50 mg/mile

247. The activeregeneration frequency and emission rates are shown in Table 21 for
all five vehiclesFor the three X5 diesels, the average active regeneration rate is 375 mg/mile. In
order to achieve the certification UAF of 2 mg/mile NOXx, the regeneration frequendy memd
to be 0.6% for all model year X5 diesels. Similarly, the average active regeneration emissions for
the 335 diesel are 378 mg/mile. In order to achieve the UAF of 2 mg/mile NOx, the active
regeneration frequency would need to be 0.6% for all maahal 335 diesels.

248. The fraction of vehicle miles traveled with an active regen is also listed in Tabld21
regeneration frequency ranges from 5.2% to 8.6% for the X5 diesels, well above the 0.6%
frequency allowed by the certifaition application. The upward adjustment for NOx ranges from
9 to 23 mg/mile NOx, well above the 2 mg/mile in the certification application.

249. Active regeneration frequencies for the 335 diesels are also higher than the values
allowed by the 2 mg/mile UAF in the certification application, ranging from 1.3% to 3.7%, with
a resulting UAF of 5 to 8 mg/mile.

250. The vehicles should generally have excellent passive regeneration performance

when driven on the highay, where exhaust temperatures are sufficient to promote the catalytic
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oxidation of captured PM. Excessive city driving can lead to the need for more fraqtiea
regeneration. However, as can be seen in Tablall2iehicles were driven with a relagily high
percentage of miles on the highway. For the X5 diesels, the percent of miles drive on the
highway range from 781%. For the 335 diesels, that perega@ranges from 59 to 64%.

Table 21: Active regeneration emissions andrequency for all five BMW diesel vehicles tested.

Active Fraction of NOXx Fraction of

Regeneration Miles with UAF Miles on

Model Year Emissions Active Regen | (mg/mile) Highway
2012 X5 Diesel A 433 5.2% 9 81%
2012 X5 Diesel B 355 8.6% 23 7%
2011 X5Diesel 336 8.3% 21 76%
2011 335 Diesel A 484 1.3% 5 64%
2011 335 Diesel B 273 3.7% 8 59%

251. In addition to the impact on NOx, the high active regeneration frequency has a
negative impact on fuel economy. During an active regeneration, extra fuel is consumed to heat
the exhaust to the temperatures required forgatalytic removal of the colleadé®M. The more
frequently active regenerations occur, the greater the impact on overall fuel economy. The
reduction in fuel economy that occurs as a result of active regeneration is quantified for city and
highway driving conditions for all five diesel vieles inTable22. For the X5 diesels, the fuel
economy reduction ranges from 17.9% to 36.0% in city driving conditions and from 25.2% to
30.4% in highway driving conditions. In fact, during active regenerati@nfuel economy of the
X5 diesels are comparable to the average fuel economy of 2012 X5 Gasoline. The average
highway fuel economy of the diesel X5s during active regeneration is 23.5 mpg, compared to an
average measured fuel economy of 24.9 for thelogeesX5. In city conditions, the average fuel
economy during active regeneration is 17.8 mpg for the diesel X5s, compared to a fuel economy

of 16.5 mpg for the gasoline X5.
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252. For the 335 diesels, the city fuel economy reductiogearirom 31.0% to 40.4%
in city driving conditions and was measured for 2011 335 Diesel B to be 30.7% in highway

driving conditions (no active regenerations were observed for 2011 335 Diesel A in highway

testing).
Table 22 Fuel economy impact of active regenerations for all five diesel vehicles tested.
Highway
City Fuel Highway Fuel
City Fuel Economy Fuel Economy
Economy, During Economy, During
No Regen| Active Regen| Percent No Regen | Active Regen Percent
Model Year (mpQg) (mpQg) Reduction (mpQg) (mpQg) Reduction
2012 X5 Diesel A| 22.4 18.4 17.9% 31.9 22.2 30.4%
2012 X5 Diesel B 28.3 18.1 36.0% 36.1 25.8 28.5%
2011 X5 Diesel 21.2 17.0 19.8% 30.1 225 25.2%
2011 335 Diesel A  26.5 15.8 40.4% 43.0 No Data N/A
2011 335 Diesel H  28.7 19.8 31.0% 44.3 30.7 30.7%

F. The Bosch EDG17.

253. All modern engines are integrated with sophisticated computer components to

manage the vehiclebds operation, such as an
manufactured, ansbld the EDC system used by Volkswagen, FCA, Mercedes, Ford, and
General Motors. This system is more formally referred to as the Electronic Diesel Control Unit
17 (AEDC WCiIMO N 7o0UponAdits introducti on,

Boschas follows?®

EDC-17. .. controls every parameter that is important for
effective, lowemission combustion.

Because the computing power and functional scope of the new
EDC-17 can be adapted to match particular requirements, it can be

25 Bosch Press Releaskhe brain of diesel injectiorNlew BosclEDC-17 engine
management systefiieb. 28, 2006 http://www.boschpresse.de/presseforum/details.htm?txtID
=2603&locale=en
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used very flexiblym any vehicle segment on all t he
markets. In addition to controlling the precise timing and quantity

of injection, exhaust gas recirculation, and manifold pressure

regulation, it also offers a large number of options such as the

control of particuhte filters or systems for reducing nitrogen

oxides. The BoscBDC-17 determines the injection parameters for

each cylinder, making specific adaptations if necessary. This

i mproves the precision of injection thr
service life. Tl system therefore makes an important contribution

to observing future exhaust gas emission limits.

254. Bosch worked with each vehicle manufacturer that utilized EDC Unit 17 to create
a unique set of specifications and software codetma nage t he vehiclesd enc
255. The software calibrations are an interactive process between Bosch and BMW.
Bosch employees using email regularly communicated with BMW employees over various
changes to various code furcth s s u<Em gas s hsor faults, online
software parameters. Bosch employees regularly communicated with BMW employees
concerning dosing rates into the SCR catalyst and the impact of such on NOx emissions.
256. Bost employees regularly communicated with BMW employees about
presentations to the EPA and CARB and about B
257. Boschés EDC Unit 17 controls emissions
evaluating a control function, and controlling actuators based on the control’§i§eakor
readings include crankshaft position, air pressure, air temperature, air mass, fuel temperature, oil
temperature, coolant temperature, vehicle speed, exhaustrogggtent, as well as driver inputs
such as accelerator pedal position, brake pedal position, cruise control setting, and selected gear.

Based on sensor inpEDC-17 controls and influences the fuel combustion process including, in

26 Moritz Contaget al, How TheyDid It: An Analysis of Emission Defeat Devices in
Modern Automobiles, p.4 (2017).
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particular, fuel injeton timing, which affects engine power, fuel consumption, and the
composition of the exhaust gZls.

258. All Bosch ECUs, including the EDC7, run on complex, highly proprietary
engine management software over which Bosch ereggotal control. In fact, the software is
typically locked to prevent customers, like BMW, from making significant changes on their own.
Accordingly, both the design and i mplementat:.
close collaboration wit the automaker from beginning to end.

259. With respect to the Polluting BMW Vehicles, tBBC-17 was used
surreptitiously to evade emissions regulations. Bosch and BMW worked together to develop and
implement a specific set of softreaalgorithms for implementation in the Polluting BMW
Vehicles, including algorithms to adjust fuel levels, exhaust gas recirculation, air pressure levels,
and urea injection rates in vehicles equipped with SCR sysgtems.

260. When camakers test their vehicles against EPA emission standards, they place
theirvehicleson dynamometers (large rollers) and then perform a series of specific maneuvers
prescribed by federal regul ations. Boschodés ED
Motors BMW and other manufacturers the power to detect test scenarios by monitoring vehicle
speed, acceleration, engine operation, air pressure, and even the position of the steering wheel.
When the EDC Unit 176s det ect isomadgiamgometert hm de
(and undergoing an emission test), additional software code within the EDCAdvtvngraded

the enginebébs power and performance and upgrad

27d.

28 Engine managemerBosch Auto Partsttp://de.bosch
automotive.com/en/parts_and_accessories/motor_and_sytemsatigise/
management_2/engine_control_unit_1

- 166-
01073311/105363%/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 179 of 459 PagelD: 2986

switching to a fidynoquenredudionatmigsionstotegallevedsu s e a
Once the EDC Unit 17 detected that the emission test was complete, the EDC Unit would then
enable a different Aroad calibrationo that <ca
the emissioncontto systemsd® performance, and consequeni:
amount of illegal NOx emissions out on the road in certain conditfoFsis process is

illustrated in the following diagram, applicableBMW as well:

How Volkswagen’s defeat
device works

‘SWITCH' SOFTWARE
I

=

|
l/\( TORS ANAL v'SF

@@rﬁ

Position of Speed Barometric
steering ; e operat pressure

L |

MODE OF THE VEHICLE?
[ =

STED NORMAL OPERATION

je switches to *road

s taking emission test vehicle is in normal operat

RESULT RESULT
|

261. This workaround was illegal. The Clean Air Act expressly prohibits defeat
devices, defined as any auxiliary emission co
emission control system under conditions which may reasonably be expected tourgered

i n normal vehi cl eC.FRp§86.180301;se€ alsondd86.189%.00 (4 NoO

29 Russell HottenYolkswagen: The scandal explain@&BC (Dec.10, 2015),
http://lwww.bbccom/news/busines34324772
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new lightduty vehicle, lightduty truck, mediurrduty passenger vehicle, or complete heduty
vehicle shalll be equi pp erdhewlean Air Azt prohebitseha saled e v i ¢
of components used as defeat devices fAwhere t
component is being offered for sale or instal
§7522(a)(3). Finally, in orer to obtain a certificate of compliance (COC), automakers must
submit an application that lists all auxiliary emission control devices installed in the vehicle, a
justification for each, and an explanation of why the control device is not a defeat device.

262. Thus, in order to obtain the COCs necessary to sell their vehicles, BMW did not
fully disclose, and affirmatively concealed from government regulators, the presence of the test
detecting and performanadtering software code tha developed with Bosctand/or the
effects of this emissions manipulation on actual emisgtaurs making that software an illegal
defeat device. In other wordBMW, working closely with Bosch, lied to governmaht
agenciesits customers, its dealeemd the public at large.

263. Because the COCs were fraudulently obtaiaietthe time they were submitted
and because the Polluting BMW Vehicles did no
specifications provided in the COCigations, the Polluting BMW Vehicles were never
covered by a valid COC, and thus were never legal for sale, nor were thewld?é&r CARB
compliant as representatithe time of saleBMW and Bosch hidhe true andull factsof the
emissions outputom the EPA, CARB and other regulators, its dealers, and consumers, and it
continued to sell and lease the Polluting BMW Vehicles to the driving public despite their
illegality and with the complicity of Bosch.

264. To the extenex st factoand after their sale to class members that BMW may

have reached a political deal with the EPA regarding the lawfulness of BMWs conduct, does not

- 168-
01073311/105363%/1



Case 2:18-cv-04363-KM-JBC Document 65 Filed 09/20/19 Page 181 of 459 PagelD: 2988

negate the illegality of BMWb6s conduct at the
political deal.
265. BMW6s il |l egal workaround was enabled by

which enjoyed a sizable portion of its annual revenue from manufacturing parts 8déWid s
and ot her manuf ac®*Boschemas svdll awhie thaBBIW was esing its| e s .
emission control components as a defeat device and, in fact, worke@Mithto develop the
software algorithm specifically tailored for the Polluting BMW Vehicles.

266. Because the COCs were frauehtly obtained, the Polluting BMW Vehicles were
never covered by valid COCs and thus were never offered legally foB8aW.and Bosch
jointly hid these facts from the EPA, CARB and other state regulators, and consumers, and it
continued to sell and leatiee Polluting BMW Vehicles despite their illegality and with the
complicity of Bosch.
G. Bosch played a critical role in the defeat device scheme in many diesel vehicles in the

United States, giving rise to a strong inference that Bosch played a key role in
implementing the BMW emission strategy.

267. Al t hough this case is not about Vol kswa
provides background and support for the plausibility of its participation in the RICO enterprise
alleged herein,fovhich Bosch andBMW were participants. On information and belief,

Plaintiffs allege that the same level of coordination between Bosch and Volkswagen also

occurred between Bosch aBMW .

O¥Approxi mately 50,000 of Boschodés 375,000 emp
operations branch of Bosch, and Volkswagen was the biggest diesel atarasfan the world.
Boschpr obes whet her its st afAuToORoaVENEMS(JaVMEVO S e mi s s
2016),http:/www.autonews.conafticle/20160127/COPY01/301279955/bogrbbeswhether
its-staff-helpedvws-emissionsrigging.
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1.

268.

Volkswagen and Bosch conspire to develop the illegal defeat device.

Bosch introduced a new generation of diesel ECUs for Volkswagen.

269. A February 28, 2006 Bosch pr EBCsl7r el ease

engine

that is important for effective, lo® mi s s i on

contro

management systemo ash tihceo nfibrrodisn eovfe rdyi

|l of combustionodo and a fA[c]J]oncept

release, Bosch touted tE®C-17 asfollows:3!

270.

create specifications for eablolkswagenvehicle model. Indeed, customizing a reéaddy ECU

EDC-17: Ready for future demands

Because the computing power and functional scope of the new

EDC-17 can be adapted to match particular requirements, it can be
used very flexibly in any vehicle
markets. In addition to controlling the precise timing and quantity

of injection, exhaust gas recirculation, and manifold pressure

reguation, it also offers a large number of options such as the

control of particulate filters or systems for reducing nitrogen

oxides. The BoscBDC-17 determines the injection parameters for

each cylinder, making specific adaptations if necessary. This
improves the precision of injection
service life. The system therefore makes an important contribution

to observing future exhaust gas emission limits.

Bosch and Volkswagen worked together closely talifgdhe software and to

is an intensive threeo five-year endeavor involving a fulime Bosch presence at an

automaker 6s facility.as®ellch was the case

271.

All Bosch ECUs, including thEDC-17, run on complex, highly proprietary

c o BD@1Sa fi foenr. &d Tihjee] f f e c |

tailo

segme

t hr ou

wi t h

engine management software over which Bosch exerts nearly total control. In fact, the software

31 Bosch press releasEhe brain of diesel injection: New BosEDC-17 engine management
systen(Feb. 28, 2006 http://www.boschpresse.de/
presseforum/details.htm?txtiID=2603&locale=en
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is typically locked to prevent customers, like Vollksyen and BMW, from making significant
changes on their own.

272. Boschdés security measures further confi
significant changes to Bosch software without Bosch involvement. Bosch boasts that its security
modules protect vehicle systems against unauthorized access in every operating phase, meaning
that no alteration could have been made without either a breach of that $eandtyo such
claims have beenadvanéed r Boschodés kno®ing participation.

273. Unsurprisingly, then, at least one car company engineer has confirmed that Bosch
maintains absolute control over its software as part of its regular business pfictices:

| 6ve had many arguments with Bosch, and
dataset software and let their customers tune the curves. Before

each dataset is released it goes back to Bosch for its own

validation.

Bosch is involved in all the development we ever do. They insist
on being present at all our physical tests and they lageafl own

data, so someone somewhere at Bosch will have known what was
going on.

All software routines have to go through the software verification
of Bosch, and they have hundreds of milestones of verification,
thatdos t.he structure

The carcompany iseverentitled by Bosch to do something on
their own.

274. Thus, Bosch GmbH and Bosch LLC cannot convincingly argue that the

development of th¥olkswagendefeat device was the work of a small group of rogue engineers.

32 Reliable Protection for ECUESCRYPT (May 12, 2016),
https://lwww.escrypt.com/en/nevevents/protectioffior-ecus

33 Michael Taylor,EPA Investigating Bosch over VW Diesel Cheater Softv@u® AND
DRIVER (Nov. 23, 2015)http://blog.caranddriver.compainvestigatingboschovervw-dieset
cheatersoftware/
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275. I n fact, Vol kswagen &bPClamfibcteBalighih 6 s wor Kk
unusual degree of coordination. It was a massive project that required the work of numerous
Bosch coders for a period of more than ten years, or perhapsiadteough Bosch publicly
introduced thé&eDC-17 in 2006, it had started to develop the engine management system years
before3®

276. | n fact, Bosch was in on the secret and
software algoéopfftbmswstahnh fior emission control
undergoing testing. As noted above, it has be
Volkswagern®®l t was an fopen secreto at Bosch as wel

277. Volkswagen and Bsch personnel employed code language for the defeat device,
referring to it as the fAacoustic functiono (i
roots of t he d andkkelsthe chedtindy nak beitracaddack to the late 1990s

whenAu d i devised software called the fAnakusti kfu

Approxi mately 50,000 of Boscho6s 375,000 emp
operations branch of Bosch, and Volkswagen was the biggsst dhanufacturer in the world.
Bosch Probes Whether | ts StAatbMorvd HeEwp(@ad27VWés Em
2016),http://www.autonews.corafticle/20160127/COPY01/301279955/bogrbbeswhether
its-staff-helpedvws-emissionsigging.

35 Bosch press releasthe brain of diesel injection: New BosEDC-17 engine management
systen(Feb. 28, 2006 http://www.boschpresse.d@resseforum/details.htm?txtiID=2603&
locale=en

3¢ Georgina Prodhany/olkswagen probe finds manipulation was open secret in depajtment
ReEUTERS(Jan.23, 2016) http://www.reuters.conatticletisvolkswageremissions
investigatioridUSKCNOVO02E7 See als@day RameywW chairman Poetsch: Company
Otealat ed br e afrwtoeesk (Det.10r2015)dtg @autoweek.com/articleNav
dieselscandal/vwchairmanpoetschcompanytoleratedbreachesrules(it was necessary for the
AEA 189 engine to pass U.S. diesel emissions
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when the vehicle was inatestmdd@ he fakusti ko term is derived

to modify the noise and vibration produced by the engine. Newseartigport that, in 2006,

Vol kswagen further developed thi®% fdakustikfun
278. In sum, Bosch GmbH worked haintglove with Volkswagen to develop and

maintain the akustikfunktion/defeat device. On infatioraand belief, it did so with BMW as

well.
2. Vol kswagen and Bosch conspire to conceal
279. By 2007, and likely earlier, Bosch GmbH was critical not only in developing the
Aakusti kf unktincealngit. but al so in co

280. Bosch GmbH was concerned about getting caught participating in the defeat
device fraud. As reported in a German newspdgit,am Sonntagand a French publication, a
Volkswagen internal inquiry found that in 2004h GmbH warned Volkswagen by letter that

using the emissiora | t er i ng software in producti®®n vehic

87" Martin Murphy,Di es el gat e6s Ro otHANDS$BraeTGiobaL B@.ck t o A
19, 2016) https://global.handelsblatt.coedition/413fessort/companies
markets/article/dieselgatesotsstretchbackto-audi?ef=MTI50DUL

38 Georgina Prodhamyolkswagen probe finds manipulation was open secret in department
ReuTERS(Jan.23, 2016) http://www.reuters.conafticle/usvolkswageremissions
investigationridUSKCNOVO02E7 Volkswagen Group Chairman Hans Dieter Poetsch explained
that a small group of engineers and managers was involved in the creation of the manipulating
software. Jay Ramey,W c hai r man Poet sch: eCsonpfaAutpwdélt sod er af
(Dec.10, 2015), http://autoweek.com/articleAdiesetscandaWw-chairmanpoetschcompany
toleratedbreachesules. Russell HottenJolkswagen: The scandal explain&BC (Dec.10,
2015),http://lwww.bbc.com/news/busine84 324772 Matt Burt, VW emissions scandal: how
Vol kswagenods 0 dAutoeaa(Beptd23,2018)wpd/www@utdcas.co.uk/car
news/industry/viwemissionsscandahow-volkswagenslefeatdeviceworks

39 Bosch warned VW about illegal software use in diesel cars, reportAaysMoTIVE
NEws (Sept. 27, 2015nhttp://lwww.autonews.corafticle/20150927/COPY01/309279989/bosch
warnedvw-aboutillegal-softwareusein-dieselcarsreportsays VW ScandalCompany
Warned over Test Cheating Years ABBC (Sept. 27, 2015http://www.bbc.com/news/
business34373637
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3. Volkswagen and Bosch conspire in the United States and Germany to elude
U.S. regulators who regulated not just Volkswage diesels but all diesels.

281. The purpose of the defeat device was to evade stringent U.S. emissions standards.
Once Bosch GmbH, Bosch LLC, and Volkswagen perfected the defeat device, therefore, their
attention turned to deceiving.®. regulators not just for the benefit\adlkswagenbut also for
the benefit of BMW, Mercedes, General Motors, and FCA.

282. Boschdéds North American subsidiary, Defe
of and essential to the fraugBlosch LLC worked closely with Bosch GmbH and Volkswagen in
the United States and in Germany to ensure that theomopliant affected vehicles passed U.S.
emissions tests. Bosch LLC employees frequently communicated with U.S. regulators and

actively workedo ensure the affected vehicles were approved by regulators.

283. Employees of Bosch LLC, Bosch GmbH, and IAV provided specific information
to U.S. regulators about how Vol kswagenés veh
the vehicles met emissions standards. Bosch LLC regularly communicated to its colleagues and
clients in Germany about ways to deflect and diffuse questions from U.S. regulators about the
affected vehicled® particularly CARB.

4, Bosch keeps BMWOopsu ssheecsr eftc |seaaf ned0 adnide s e | i n
as a concept applicable to all diesel car manufacturers.

284. During the time of its efforts to promo
GmbH were each aware that BMW, General Motors, \Wedigen, Audi, Porsche, FCA, Ford
and Mercedes could not meet emissions requirements without turning down or derating emission
controls. Bosch not only kept this dirty secret safe, it went a step further and actively promoted
Acl ean di es elteés,inclading ma&ing@ffectad getlicleS available for regulators to

drive.
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285. As early as 2004, Bosch announced a push to convince U.S. automakers that its
diesel technology could meet tougher 2007 U.S. emission starfd#slsfforts ended up being
a multiyear, multimillion dollar effort involving key players from both Robert Bosch GmbH in
Germany and Bosch LLC in the United States.

286. Boschodés promotion of di estlelUnitedeStatesiol ogy
For example, Bosch putlaod AGAEi WorhidaChngsebks
In 2008, Bosch LLC and Volkswagen Americax@onsored the AFuture Mot
GermanySecond Symposium on Moder n abEmbassyinTechnol o
Washingt on, D.C., with the aim of providing a
latest technology trends and engage in a vital dialogue with industry leaders and
policyfakers. 0

287. Bosch LLC hosted mukilay conferences open to many regulators and legislators
and held private meetings with regulators in which it proclaimed extensive knowledge of the
specifics of Volkswagen technology, including calibrations necessary for the affected vehicles to
comply with emissions regulations.

288. On October 28, 2008 Bosch North America issued a release entitled:

40 Edmund ChewBosch boosts US diesel lobbyj@gToNEWS (Mar. 8, 2004),
http://www.autonews.com/article/20040308/SUB/4030808a6zRboostsus-diesetlobbying

41 Bosch drives clean diesel in CalifornBosch http://www.bosch.us/
content/languagel/html/734_4066.htm?sectk8¥99COE86C147799E02226E942307F2

42 Bosch Brings Innovation, Green Technology to SAE 2009\VZamgressBosch,
http://www.bosch.us/content/languagel/hit84
7432.htm?section=CDAF31A468D9483198ED8577060384B3

43Bosch: Clean DiesebiKey Part of Future Technology MRosch http://us.bosch
press.com/tbwebdb/bosctisa/eAUS/PressText.cfm?
CFID=60452038&CFTOKEN=9¢c778a2564be2e9CC21B696AB-5F79
32445B13EC121DBE&Nh=00&Search=0&id=364
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Bosch Powers Audi Clean Diesel Across the U.S. and Around

the World
289. The October release was much broader tharptomotion of Audi. It was a
promotion of Bosch and its role in Aclean die
conspiracies and Boschds objective in falsely

because Bosch knew the Audi was not cl@usch, thus made the following pronouncements:

290.

Dayso

Bosch, the worldwide leader in powertrain development, was
selected by Audi to supply the common rail system that includes
the electronic control unit (ECU), rail, pump and injectors, the
dosing module and ctnol unit for the Denoxtronic system, as well

as various sensors for powertrain and exhaust gas aftertreatment in
the Q7 3.0 TDI. The Denoxtronic reductiagent metering system
from Bosch permits further reductions in the emissions of diesel
engines. Its a central component of the SCR system (Selective
Catalytic Reduction).

AThe Audi Mi | eage Mar atpdoplato pr ovi des opp
experience torque, fuel economy and oth
clean diesel technology inactioo0 s ai d Beriomad Boi sten, reg
president, diesel systems North Ameri ca
cal l todayds diesel Good, Clean, Fun. W
journeys and | ook forward to their reac
efficiency, low emissions and exceptional performan. 0

Clean diesel technology combines clean diesel fuel, advanced

engines and effective exhaust control technology into a complete

package that is more efficient, environmentally friendly and fun to

drive. Today, a cl ean dsiteosel engine i s
powertrain options on the market.

Bosch has been promoting the benefits of clean diesel in
anticipation of the new 56tate compliant diesel powered vehicles,
such as the Audi Q7 3.0 TDI, coming to market in the U.S.

In April 2009, Bosch LLC organized and hosteda-tivay fiCal i f or ni a D

event i n Sacrament o, Cali forni a. Bosch
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executives, regulators,and NGb&i t h t he aim of changing percep
to Aclean. o0 The event featured affected vehic
including a 2009 Vol kswagen Jetta fAgreen car.
duty di esel as a viabl e gaelnuand emrssioh eductieanc hi ev i n
objectives. o0
291. In 2009, Bosch also became a founding member of the U.S. Coalition for
Advanced Diesel CaSOne of this advocacy group6s purpos
efficiency and environmeal benefits of advanced clean diesel technology for passenger
vehicles in t h*Thiggrdsp lobbies Cdngrdss U.8. cegulatdrs, and CARB in
connection with rules affecting fAclean diesel
292. In 2010, Bach sponsored the Virginia International Raceway with the support of
the 2010 Volkswagen Jetta TDI Cup Series. This event included TDI vehicles featuring Bosch

technology*®

44 Bosch drives clean diesel in Californigosch,
http://www.bosch.us/content/language1/html/734_4066.htm?section=28799COE
86C147799E02226E942307R2alifornia Diesel DaysThe U.S. Coalition for Advanced Diesel
Cars,http://www.calforniadieseldays.com/

45 Chrissie Thompsoriew Coalition Aims To Promote Diesel Ca#As/TOMOTIVE NEWS
(Feb. 2, 2009)http://www.autonewsam/article20090202/OEM06/302029728/nesmalition
aimsto-promotediesetcars

46 About the CoalitionThe U.S. Coalition for Advanced Diesel Cars,
http://cleandieseldelivers.com/about/

471d. Letter to Chairman Mary Nichols and CARB concerning a statement made about diesel
technology (Jan. 8, 2016), availablehttp://cleandieseldelivers.com/media/Md¥ychaols-
Letter01082016.pdf

48 \/olkswagen Jetta TDI Cup Drivers Take to the Track for the First Time in 2010 at VIR
Volkswagen of America, Inc. (April 23, 2010), availablétip://www.prnewswire.com/news
releases/volkswaggettatdi-cup-driverstaketo-thetrackfor-thefirst-time-in-2010-at-vir-
91985604.html
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293. In 2012, Audi, BMW, Bosch, Daimler, Porsche, and Volkssvagined to form
The Clearly Better Diesel initiativé.The initiative was announced in Berlin by the German
Association of the Automotive Industry. Its stated goal was to promote the sale of clean diesel
vehicles in the UniotgadnSwas elBSCl|l dae Dneselati €le
294. In its efforts to promote ficlean diesel
GmbH acted on behalf of its global group.

5. Bosch is a recidivist cheaterBosch also made th&DC-17 found in FCA
vehicles that pollute excessively.

295. To appeal to environmentally conscious consumers, WH@aérouslymarkets its
AEcoDi esel 6 vehi cl e s-lovaenisgiond, hegh foel etoners/,eahdd wi t h u
powerfultorqueand t owi ng capacity. FCA calls its Ecol
compliant, 0 rmNOxcéanims thattail pipe. FCGCA char
equipped vehicles. For example, selecting thditeDEcoDiesel engine for the 2016 Dodge
Ram 1500 Laramie adds $4,770 to the purchase price. And the 2016 Jeep Grand Cherokee
Overland EcoDiesel costs $4,500 more than its gasoline counterpart.

296. These representations are deceptive and false. FCA programmed its EcoDiesel
vehicles to significantly reduce the effectiveness of the NOx reduction systems durwgnidal
driving conditions. The EPA has determined that the affected vehicles contain defeat devices.
After a | awsuit had al r e a thiscabeeom dandatip,|2@ld, thby Pl a

EPA issued a Notice of Violation against FCA

“ACl ean Diesel CIl ear leagnDBseltCareWelcon@Biesgh ai gn f or
Technology Forum (Dec. 12, 2012), availablétp://www.prnewswire.com/news
releases/cleardieselclearly-bettercampaigrfor-cleandieselcarswelcomed183261432.html
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Emi ssion Control Devices XTh&EEPAontifiedieightt he af f e
specific devices that cause the vehicle togrernfeffectively when being tested for compliance
and then reduce the effectiveness of the emission control system during normal operation and
use.
297. AOnce again, o0 said CARB Chair Mary D. N
autoraker made the business deci®ion to skirt th
29. The same experts that t esdtesingoftheFCAK56s p
vehicles and c o nrchlledrEno®idselehiclasprodéc€dAND s emssans at an
average of 222 mg/mile in city driving (four times the FTP standard of 50 mg/mile) and 353
mg/mile in highway driving (five times higher than the U.S. highway standard of 70 mg/mile). In
many instances, NOx values were in excess of 1,600 neg/mdre than 20 times the standards.
This testing uncovered many of the defeat devices listed in the EPA notice of violation ahead of
EPAGOsS announcement .
299. Bosch made theDC-17 for the polluting FCA vehicles.

0. Bosch is a recidivistcheater: Bosch GmbH also made th&DC-17 found in
polluting Mercedes diesels.

300. Pl aintiffsd experts in this case tested
first public disclosure of Mefthe eudnsesidthisucase a wf u |
in a civil suit filed in the District of New Jersey. Reportedly as a result of that lawsuit, Mercedes
is under investigation by the Department of Justice and German authorities with respect to its

BlueTEC diesel vehicles. Oved Mercedes diesel models are alleged to produce emissions 8.1

EPAGs January 12, 2017 Notice of Violation
https://www.epa.gov/sites/production/files/280%/documents/fcaaanov-2017#01-12.pdf

S1EPA News Releas&PA Notifies Fiat Chrysler of Clean Air Act Violatio(#n.12, 2017),
available ahttps://www.epa.gov/newsreleasgsanotifiesfiat-chryslercleanair-actviolations
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to 19.7 times relevant standards. Bosch GmbH supplied@@:17 in the polluting Mercedes
vehicles.

7. Bosch is a recidivist cheaterBosch GmbH and Bosch LLC also made the
EDC-17found in 700,0® polluting General Motors trucks.

301. Bosch made theDC-17 found in the 201112016 General Motors Sierra 2500 and
3500 HD trucks and Chevrolet Silverado HD tru
X5 trucks.

302. Bosch supplied the software and function sheets for these vehicles and enabled
the vehicles to have three different cheat devices.

303. GM Defeat Device No. fteduces or derates the emissions system when

temperatures are abotlee emissions certification test range @6 GM Defeat Device No. 2

operates to reduce emission control when temperatures are below the emissions certification low
temperature range (88). Testing reveals that at temperatures belo¥ §the lower limi of the
certification test temperature), stapdgo emissions are 2.1 times the emissions standard at

428 mg/mile (the standard is 200 mg/mile). At temperatures aboile 8@pandgo emissions

are an average of 2.4 times the standaitth some emissions as high as 5.8 times the standard.
Based on temperatures in the top 30 metropolitan areas, these vehicles are operating with the
emissions systems derated a material amount of their vehicle miles travelled. But the emission

scheme is atep more nefarious: entéM Defeat Device No. 3vhich reduces the level of

emission controls after 2DB00 seconds of steady speed operation in all temperature windows,
causing emissions to increase on average of a factor of 4.5. Based on a stogheddttaes in

30 major metropolitan areas as wel | as the de
experts estimate that due to just the temperdtiggered defeat devices, the vehicles operate at

65 70% of their miles driven with emissiotizat are 2.1 to 5.8 times the standard.
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304. Increased sales and thus increased profits deareeral Motorgo use at least
these three defeat devices in its Duramax diesel engines. By reversing the traditional order of the
exhaustieatment components and putting the Selective Catalytic Reduction (SCR) in front of
the Diesel Particulate Filter (DPF3eneral Motorgould obtain and market higher power and
fuel efficiency from its engines while still passing the estdrt emissionsettification tests.
This made the trucks more appealing and competitive in the marketplace, driving up sales and
profits. But the reordering would have also drastically increased the need to employ Active
Regenerationi.ge., burning off collected soot atragh temperature) and other powand
efficiency-sapping exhaust treatment measures, reversing the very advantage@eirezdl
Motor®9 sol ution, with the participation of Def el
LLC, was to install defeat devicés purposefully reduce SCR dosing, increase NOx emissions,
and thus decrease Active Regeneration. The defeat devices atmmedal Motorgo have its
cake and it eat too. It could gain the advantage of hot exhaust going into the SCR system needed
to pas coldstart tests, while avoiding the fu@lnd poweirobbing Active Regeneration
procedure that the DPF filter requires when the SCR treatment comeSdinstal Motors
turned a blind eye to the twofold to fivefold increase in deadly NOx emissisthiésne
caused all to drive up its sales and profits.

8. Bosch is a recidivist cheaterBosch also made th&DC-17 found in 500,000
polluting Ford Trucks.

305. Bosch made theDC-17f ound i n For-2956 amg¢ 3201 iBdypd
Diesel Trucks.
306. Bosch supplied the software and function sheets for these vehicles and enabled

the vehicles to use defeat devices to turn down or off emissions controls.
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307. Pl ai n troafl tesdiny has confimed t hat Forddés Super Du
NOx emi ssions in an amount demonstrating that
vehicles that meet emission standards; ratheng has programmed the vehicles so that in a
wide range of common drirg conditions, the emissions systems are powered down, producing
NOXx far in excess of emissions standards. A reasonable consumer would not expect their Super
Duty vehicle to spew unmitigated NOX in this fashion while driving in the city or on the
highway,nor would a reasonable consumer expect that fuel economy was achieved in part by
turning off or derating the emission systems; nor would a reasonable consumer expect that if the
emissions were garomised, the advertised fuel economy and performance notilak
achieved.

308. In stopandgo conditions, including those identical to the FA3 certification
cycle, emissions are routinely as high as five times the standard. In certain common driving
conditions, such as modest uphill ragddes, or with the use of a trailer that adds weight,
emi ssions exceed the standard by 30 to-50 tim
inncl ass towing capabilitiesd and expected Supe
tod scl ose-inchatssiheoswti ngdo came with a byproduct
exceeding legal standards by 30 to 50 times. Inatmyo driving, testing reveals that the
vehicles operate 69% of the time above the emissions standard, 4884tiofe at twice the
standard, and 9% of the time at five times the standard. These vehicles should more properly
have been called ASuper Dirty. o

H. Boschalso played a critical role in falsely promoting clean diesel technologyavthe
ADi esel Technol ogy Forum. 0

309. |'td6s not unheard of for manufacturers o

associations to cover up the danger of their products. Tobacco companies created several trade
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associations to promote phony science claiming tobacco useeithsr harmful noaddidive.

The opioid manufacturers did the saasedid Bosch with respect to promotion of clean diesel

Bosch was a member of the DiepredfiTte@w hdheod iogat dc

rai sing awareness about t he i grfmoedind00dG anditsf di e

members include Bosch, Daimler, GM, and FCA. Bosch was aware that cars made by BMW,

GM, FCA, and Mercedes used cheat devices to meet emissions requirements and were not the

Acl ean diesel 0 as cl| ai meadamebDleesobthetDdF, antd aspartk n o w

of its complicit conduct in promoting illegal diesels, authorized a steady stream of

announcements about ficlean diesel technologybo
310. So for example, the DTF on December 1212, issued a press release

proclaiming AClean Diesel. Clearly Bettero an

U.S. The release noted that the new fACl| ean Di

BMW, Bosch, Daimler, Porschand Volkswagen
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