""-'_:—-5-:'-"" = Steve Lockwood
e s Parsons Brinckerhoff
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ASPE rtatloanechnoIog
StistainaBility and Time

Wigelisee nmy niain peipts:.

K e/ pliehlems and opportunltles both Ile With
e el itomobile-highway system (other modes

fieresting, but marginal)

2. The i/ehlcle -highway system is a loose public-

T E Vate partnership

-—1_-—.-

5{3 *mprovements in sustainability involve
= tightening this relationship

_4. A tighter relationship affects the time scale of
significant change regarding sustainability
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Key. Sustainability Issues
A Surfacesiianspertation

Economic Environmental

Mobility
Fatalities
Financial Viability

Global climate change
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Why focus on

e=Vemnway S

/eniele/nlle Jrrv} system dominates surface transportation —

Qg OOJJ f;\ ‘and negative effects:
90 % Og\_f’r@ ; *tnps by mileage

”OJ/J-G fceht of freight by value

_ Iig aTality level (40K)

o ; -
jr = C ngestion -- Level of service declining

e ——

= GHG — light duty vehicles = 18%

=

e [ipance — investment/VMT below maintenance level

Bottom line: Improvements In transportation sustainabllity must have
major focus on vehicle-nighway system 4



Vehicle-Highway,
S Pomination of lfravel

m Walk
mBike

m Taxi

M S5choolBus
™ Transit

m POV

m Others

ﬁ*’c?ﬁ“g@"

3 .;,Fl &5
h:r




VVehicle=Highway Dominationyof

EENGIH G fiem. | ranspentiatien

i

U. S. Transportation Carbon Emissions by Mode, 2003
(Million metric tons CO2)

Pipeline/Other, 47

Internat'l./Bunker, Transportation
84 Represents
28%0 of US GHG
Emissions, of
which:

Waterborne, 58

Rail, 43

Light Vehicles,
1113

Heavy Vehicles,
350

Note: Transit serves 1% of U.S. Person miles of Travel and 0% freight



——

=) do)g gVehld Highway,
Lisitellprelo)] IW@W

5y '-"\'/ehicles/fuels (HEV, biofuels)
Pperational Efficiency (Vehicle-

J_. structure Integration — towards
—aL {omatlon)

-h-_

i'_';’ ;.H Pricing travel (Ex: Vehicle mile fees)

- )

-.
— _..——'—

pE—

e Eco-drlvmg — a la Prius

IDefine]
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s to Sustainabilit

= e
oGy | muw ISSUES AND IMPACTS

P ————

Red uced Market
carbon Demand wi/o
emissions taxes?

' R eal time info  Crash Reduced FFederal/state

[to reduce avoldance congestion ' subsidy
- delay
Congestion ?7? Reduced Self supporting
= :_'__ reduction VMT/CO2
" = Reduced free
- Eco-Driving Carbon
emissions
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ntial GHC Impwﬂ-:‘—;
B e |

_ GHG Cost Assume

Cumulative, 2010=

(m mt), Cumulative, 2010- 2050

2050

6,000 <510 (McKinsey)

e @ 82c/yal tax

1,200 +/-0 20% drivers adopt
300 500 3.5 %lyear

InCrease

: 'ﬁnmt expansion

!mprove.d operations/ITS 300 90 i

applied

H S G T 100 110 10%/year increase

oVver new
HSR
baseline*

9
1/ Moving Cooler: Aggressive Strategies table 4.1




Ui iransportation™ ‘Technolo i
npact Rates of C

NBITRER Of S stems” to be nterated - Infrastructure;
VeI ESRAVETS MO AL ONILENTECES
gr

OIS i r each system component

— /f/ffr’/"'f yetdre: public sector: policies & politics,
flplels e, fragmentation, technical capacity, NIMBY,
nrf’ ‘for PPP

.feh/c/es Industry: perceived markets, R& D
= avestment, risk, market penetration/life cycles,
— "f"regulatlon antitrust

— Drivers. consumer values/habits,
attractiveness/acceptability, affordability,
privacy/security)

— [nformation/communications providers. non-
transportation orientation (integration, service
provision) 10




T —
Impact Rate of

4

s Accept

| SProduei clavelgonmen

technology
Szl
Sofoclteijey)
- | SRI& D siechnology. ® Accept
VESIGIE E & : °Producf[ development adaptation _to technology
I sl "F\,/'rﬁjé't?fn lt\;an;’ pqrta/tlon S
2 e \Vlarketing/production
-'m Eeﬂr" ior; scompetition
ﬁ""’ __-;;:_.:'f__ = -;ogclg °T§chnollogy °Conf_orm with
Road Prlcmg j : adaptation _to requirements
®incentives transportation
— . e \arketing/production
®|ncentives *R & D *\/oluntary
Eco-driving =Product development .ac?uisition
eMarketing Voluntary use

sproduction
11
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ConveRtionall New Technology Timestines:

c | Water poter Stean Electricity Patrochamicals
2 Ttles Ra Chemicals Electronic
afeel Intemakcombustion | Aviation
engine

Digital natworks
Software
New Media

FPace of imma

1785 G0yeas 1845 S6yeas 1900 GOyeas 1950 40vears 1990 30 years

Source: Adapted from the Economist, February 20th 1993,
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Lzlefefls Factors (F) as Pacin

VIZIYSEIE mrt-echno 0y Systems: INVoIve:
0 (mrlrJJeJ m o0 Pl PelICY/REGUIZUG!
> Pugligs 9 .or R & D (as well as private)

SRVENICIe (77 i//z‘/p/e prvate inaustry/owner) — Infrastructure
( m///r,/r Egovts) Integration barriers

> Jenetratlon rates — market and deployment

_h__l.

ﬁ‘,\zer behavior

_.—':'l_
—— = =

—-'ﬂ_.——-—

~These factors significantly impact the likelihood
ana timing or promising technologies

—_y
= e ——

13



Bublic Acceptability of Pricing 2

i -

Dont know
19% |

Other

3% Definitely

—— 15%

nitely not
35%

Probably not
17%

14



F.2 Technology Learning Curve

—

Projected breakthrough for matenials
and/or productnaty, in acdcition to
Lithium-ion battery cost assumptions, rorovernents in batlery's
$ per kilowatt hour (k\Wh), pack leve! state-of charge window'

2.000 Sceasnos

— Medum cost
—— -

1000

— <0

281

0
2006 20 205 2020 2025 2030

"Seare-of -charge window i the avaslable capaciry in 2 bateery relatve to s capacuy when full Comervanve spplscanons work
within a &4 window, whereas more agressave appixcatsons ase 0%, over the next § 1o 10 years, most apphcanoas wall hikely
mugrate to the higher valoe

Source: OFM and supplwr sntervicws condected in Asia, Furope, and North Amenca, McKinsey analyans




F3. Sectoral R & D Investment

Company and

Industry MAICE codes AllRED Federsl other
Al industries 21-23, 3133, 42, 4481 247 568 243504 223 365
Manuiacturing indusiries 31-33 171,614 16,584 155,730
Food m 279 4 2716
Textileg, apparel, and leather H3-16 =47 0 o7
Paper, printing, and supgort activities 322 323 D D 273
Petroleum and coal products 324 1432 1 1431
Chermicals I 48 323 211 45 112
Basic chemicals 351 2152 a8 2054
Regm, synthetic rubber, fibers, and flament 3752 1,975 13 1,963
Pharmaceuticals and medicines 3254 38,501 BB 38,613
Other chemicals ofher 325 3,300 12 3,268
Plastice and rubber producis k¥, 2245 & 2217
= Fabricated mefal products 332 1493 T 1432
Machinery 333 9 648 106 9743
] Comgater and electronic products 334 56,773 8522 43 251
Computers and peripheral eguipment 331 D D 7,269
= Communications eguipment 1342 D D 10,911
Semiconducior and other elecironic componenis 3344 18,688 a5 18,534
MWavigafional, measuring, electromedical
and control imstruments 3345 18,300 7,660 10,440
Other computer and elecironic producis other 334 D D 1,078
Elecrical equipment, apeliances. and componehis 335 2,281 o6 2215
Transportation equipment K% D D 30,010
Motor vehicles, trallers, and parte 3361-63 D D 16,562
Aerospace products and paris e84 1e.3a7 4372 11,985
Other fransoortation equipment other 336 D D 1453

16



NEZPreconaitions for T2 inrthe Public Sector:

Stakeholders Process Components Technology Transfer Stages

Long-range Strategic Plan

USDOT & Agencies © Research & i

Technology Transfer Entity Development

Other Federal Legal Guidelines

Agencies and Offices
Scanning Process e Evaluation &

Testing

Associations: Policy Validation

» State/local govt’s

» industry Sustainable Funding

Research Entities: Public Information e Adaptation
+ Federal

« University Program Coordination

Private Sector: Public/Private Cooperation

« Automotive
« Infrastructure
« Services

O Adoption/
Incentives Implementation

Congressional Relationships




5 -he Pace.ofi Poll
National Environme Act (NEP

r St _.
a [ Alp ._ A [)

R{M"’i—

Air Act (Extensmn) settlng Natlonal Ambient Air Quallty

- 1~ n A|r Act Amendments set new automabile emissions standards.
01- Intermodal Surface Transportation Efficiency Act (ISTEA)

=« 1994 Executive Order 12898 on Environmental Justice

-

-
.r"

‘._..l._

— . 19%- Transportation Equity Act for the 215t Century (TEA-21)
z _f ‘o 2002- California AB 1493 sets standards for emisions of CO2.
e 2003 - Clear Skies Act (proposed)
o 2005- (SAFETEA) Reauthorization of Federal Transportation program
e 2008 - EPA proposals to include CO2 as a pollutant

T
;-
—

18



- Public=Private

*Maintenance

|2Mobilty

:ﬁt 3 saf eAssurance
E \ .58 ety *Services
b \\/ *Traffic
& : — \l/ U
B e s /
—.'I- '.: _—
-~ =RANE b

*Signs -‘5:_' ofit *[n-veh advisorie Probe:
eregulations B8 econditions eAutomation econgestion

*Weather
econditions

=

>

e epricing
T el
=4 ~ __'_: H‘;_.-:;'_-r-_ =

—
— - —

— -

e—
e

e

e eControls
- <feedback

eLocation
*Crash avoidance
*Systems status

Loose Fit: 1910-2015 Tight Fit: 2015-??

19
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chnoloéy Life Cycle: Market penetration

_Light-Duty Vehicle Fuel Use (in Billion
Liters of gasoline equivalent per year)

L - Reference (50% ERFC) 2SN
Diesel

600 +——---———— - ——— - —_ _ Hybrids
Market Mix 594 by, g-ins

300 1 2035 Advanced Technology Market Share (50% ERFC)

Turbo Gasoline Engines @ 25%
200 - Diesels : 15%
Gasoline Hybrids : 15%
Plug-In Hybrids : 1.9%

Mote: Assumes 0.5% - 0.1% VKTiveh per year growth and 0.8% per year sales growth

1T (] 0 I )21 I J 30
T o S e, T, e e e A




=61 Behavioral Change .

g
S —

Steady Drivig Re-acoelorabe Toesd Furthsge

_|Eco Pedal Diagra

SN, NS, N

Lorfor o o = e by ol =

[t n J=t, PR SR  EE re

Conlred oved ndeis soceliratisn Conlrod over fnoeid aoosls il
Frgp sawwd al alaeT Mh*l Tr'*"q'l'

Belnd [
|  ECO Pedsl OH |
Accoleralion

Factoid: ecodriving by 20% drivers = 3X impact of transit x 3 @ 1/20K of gost
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onclusions

> frel dr- 0 IcTTW@&_efﬁ'”ec

e'rrr 0o C

JF > s 4 —

- ortatlon publlc sector Iow tech/low
raor sweness

= Ch ﬁﬁgnges of public-private partnerships

= and “tight fit”

l-""-'

—_—

1':-'-_'"-__:
_F."-
—

————

: s Penetration rate Inversely proportional to
public sector role
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