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REINVENTING FIRE MAPS A PATH TO A
CLEAN ENERGY FUTURE
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Roadmap to a U.S. energy transformation
— k3% [ RER AR ) B £L R
« No oil, coal, nuclear SCIQAW. MR ZAEE AL
« Cheaper than business-as-usual ($5 trillion savings)
FH EEREHERS 52 295 144550
AMORY B. LOVINS axo g « Transition led by business for profit LLE I 52 & IR Eh A&
(x }k " * Includes 2.6-fold bigger economy by 2050
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« Uses existing technologies 5t &£ F 4§ AR /KF
Clear, open-source analytics support all conclusions
FTIR W IR AT B 458
« Addresses 4 energy-related sectors: buildings, transportation,
industry, and power
VT VY R REYRVE D kel 3, Al TMbATHL
* Integrated economic and technology analysis
RIERE G AT HEAR
* Practical case examples illustrating ways to achieve results
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OUR TWO-STEP ANALYSIS APPROACH
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Use integrative design
to minimize new

system capital needs
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1. Maximize capture of 2. Maxirr_iize deployment of
cost-effective energy economic renewables to meet
efficiency remaining dem:nd i
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Capture system
feedbacks across
sectors
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Renewables
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OUR APPROACH BEGINS WITH ENERGY
EFFICIENCY, THEN ADDS RENEWABLES
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U.S. Energy Consumption (quadrillion BTU/y)
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Renewables
-Electric: wind, —Hi/J7: JXUHL.
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solar, etc.
-Biofuels
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Remaining

Remaining fossil
fuels: primarily
natural gas for
process and
building heat
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TRANSPORTATION OIL CONSUMPTION
DRAMATICALLY REDUCED
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U.S. Transportation Sector Fuel Savings (million bbl per day)
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MORE PRODUCTIVE USE REDUCES
DRIVING DEMAND
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U.S. Transportation Sector Fuel Savings (million bbl per day)
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FEUETS ¢ Remaining
More productive use includes B A = 3R FH A B 7 =
« Smart growth o FEHHIE K
Alternative and multimodal . BT EHZRAEGE
commuting
Pricing signals - i E%‘ 5 7€ v iU
Intelligent transportation o FHERH RS
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TECHNOLOGY REDUCES REMAINING
AUTO OIL CONSUMPTION
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U.S. Transportation Sector Fuel Savings (million bbl per day)
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2010 2050 BAU 2050, fe
FEUETS ¢ Remaining
Aerodynamics, low rolling o FENI%, KEHEG, ZE4
resistance, reduce weight il E
Powertrain efficiency . WHARGHE
Electrify - HBIML
Transformative weight o IR 4ERT R RI AR TS
reduction through carbon I ek

fiber and integrative design 3



OPERATIONAL IMPROVEMENTS REDUCE
ROAD FREIGHT DEMAND
Yy it iz i A BT T S B R oK

U.S. Transportation Sector Fuel Savings (million bbl per day)
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Freight 33
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2010 2050 BAU UNRERIS 2050, fi¢
FEHEN 5 1k Remaining
Load and route optimization o TRz 5L HEIAL
Intermodal - ZAiz
Double trailers o XUHHELE

Software and driver behavior o WA Bh S o >R




EFFICIENT EQUIPMENT REDUCES
REMAINING ROAD FREIGHT DEMAND
e 0 1) B a2 0k 2 P IO i s A R oK

U.S. Transportation Sector Fuel Savings (million bbl per day)
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Freight 3.3
Equip
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2010 2050 BAU Bt 2050, ft
FEUETS ¢ Remaining
« Aerodynamics, low rolling o BN, (KPHECHE, ZE4H
resistance, weight reduction VR
« Powertrain improvements o I RGTERERETT
* Increase usable volume o 0] Hizas (a3 hn

* Aux. power units o HEENEh RS




TARBEMEDT AR

KERZEEBIIRAT 4=, 2010-2050

Avoided Oil

Investment
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Planes fiiiZ=

Freight £5it

Autos
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SAVING OIL SAVES MONEY

@ ROCKy
MOUNTAIN
INSTITUTE®

Value of U.S. Transportation Sector Savings, 2010-2050 ($ Trillions)

Infrastructure
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Consumer
Expense
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REINVENTING FIRE: CHINA HAS
AMBITIOUS GOALS
H|
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5 objectives T X H#7:

Model economic path for China to meet its energy needs using the
maximum share of efficiency and clean energy through 2050
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Document global best practices for widespread application in China
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9 Provide policy recommendations for the central government to
achieve the shared clean energy vision A+ S R E- AL SIS v BE R
JL TR H AR BB

Engage government, industry, and other thought leaders to
accelerate action BT, MV K 5076 A 1 HEsh SE kb RE

Create capacity within China’s government for ongoing
pursuit of this vision & [E EURF$E I SEEL It 52 1 A5 3 )
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A DISTINCTIVE TEAM IS UNITED TO

EXECUTE
A 2 J7 G AR IR k] A

4 partnerslU 5 &4F

— Unprecedented
B ROcCky Pan-Pacific

3 % MOUNTAING collaboration
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ENERGY FOUNDATION

building a new energy future
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Energy Research Institute National Development And Reform Commission
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r:—r>| I China
Energy
BERKELEY LAB Group
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THE SCOPE WILL TAKE 2 YEARS TO
COMPLETE

R Py I 4 58
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2 years Jj i} 4
June 2013 May 2014 April 2015
20144568 201445 A 2015448
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(" Initiative Launch | " Public report )

Release
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Mid-term review
AL D]
CHINA'S

5-YEAR PLANS
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CHINESE ENERGY DEMAND |Ss EXPECTED
TO0 GROW RAPIDLY
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Projected increase in energy demand CAGR
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Transportation 2Zi#l o277
Buildings ZE3%

1.4%

Industry T MV

2009 2050
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CHINA HAS UNIQUE OPPORTUNITIES TO

REINVENT MOBILITY
I AT A — T ) AT
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Urbanization and rapid
infrastructure build out
IR LA P v T ) A A e
w

Build right the first time to
capture system benefits
AR MBS BURZE 2 HUR &
G BUR AR

Growing auto industry

(S35 954N i Pt 4

Capitalize to produce
“vehicles of the future”
A

Strong role of
government

5RH JIHIBUR

Align market rules to
strategic goals

VA TSN 5 g H AR
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EARLY RESEARCH HAS FOCUSED ON
VEHICLE EFFICIENCY OPPORTUNITIES

B IE T2 EORIENL ) R I RERR Tl =

Three focus areas:
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Passenger autos Light duty trucks Heavy-duty trucks
FeH % BRRE BAHRE

Reduce frictional losses 7/ BE#E i 5k

« Start with aerodynamics, low rolling resistance tires, and low
cost weight reduction
WA Tyt AR AR B AR A A g AT

* Improve conventional powertrain
RIMEG 8 1 R Gk RE

Substitute drivetrain technology iz & #Fi1&EshH A

« Add-on hybrid/battery electric where cost effective

LA D AT A 2258 5 NIR G 8 T AL Z) R ¢ 15




FIVE PACKAGES ARE USED TO ANALYZE
INCREASINGLY EFFICIENT AUTOS

b 28 Rocky
8 MOUNTAIN
Sy INSTITUTE
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Passenger autos

ERE

Package 1 2 3
HeE

4

5

Aerodynamics, low rolling X X X
resistance, 18% weight reduction
TR, K, 18%

Engine efficiency X X

pEipvEs

Hybrid Electrification X
REH A

RIEYW &N

Full Electrification

SE4 LB,

1509 ‘Aousiolye Buiseslou|

Ultralightweighting (e.g., carbon
fiber)
st (I, BREF4ERRL
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$1.50 -

urrent fuel price
= LiIpliEA
$1.00 -

$0.50 -

THESE PACKAGES LEAD TO MUCH
HIGHER FUEL ECONOMY

UL e R 5 n] 88 25 12 v 26 F 4= A o 42 5F 1
Cost per liter saved for auto technology packages (3 years)

Fe T REBARIE H G BTHRB AT LR (348)

5. Ultralightweighting
(L4 N I

Passenger autos

T %

A:‘ / 4. Electrification
\ HL 3L

2. Engine efficiency

EIE I ES

1

3. Hybridization

REs) b N

$0.00

1 2 3 /. 5

Vehicle Efficiency (L/100km)
REME (BARS

Base-case

1. Rolling
resistance,
aerodynamics,
weight reduction

GRH, =T,
A
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AGGRESSIVE WEIGHT REDUCTION
COMPLEMENTS ELECTRIFICATION
BE— 20 BV 9 S S A AT il A X

NHTSA/EDAG Study: $/kg saved for reducing vehicle weight
RERER AT (5T/T 75
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Passenger autos

LG T IR ZT 4 K 1) 30% 7k

* Includes 30% reduction using carbon fiber

» Excludes electrification, further downsizing
ANEFE B CL St — 2 4/ RS 1% )

N

7( - Additional weight reduction
\ due to “mass

decompounding”

4
[ L TR Aok )

1 » Additional carbon fiber
‘IV cost reduction

o HANRBRET 4E AT B

0% 25% 50%

3 reasons for lower carbon fiber prices [&ARHR LT 4L 5 1) = K A
Technology: Advanced processing and alternate precursors

BOR: SERER AL BEEOR R R 22 T2,

Quality: Switch from aerospace to auto-grade material
J s LR R BV AR A ) T2 1)
Competition: Energy, labor, capital savings
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CHINA'S LIGHT TRUCKING FLEET CAN B
MUCH MORE EFFICIENT
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Cost vs percent efficiency gain

JEA vs. "ﬁi&sﬂ LA

7H

)

8-)9 g n 8 g Light duty trucks
) 2 ==
= o = go
§®) $4 - wn = (qv ]
) > > % 9o
> (@] O 5 (O]
© c o T o
3 i X Qo 9O = DS
2 $3 < E g 2 2 198
Q0 c w w = T %J
T 2 2 E) B L : ,
o $2 - 2 > £ W China Diesel
+= n 2 c S N .
= o 3 & L] Price: $1.28/L
S i R o SRR
5 81 "¢ 5 F
(®) -l
@)

$O 1 I I I I

0% 10% 20% 30% 40% 50% 60%
Percent Efficiency Gain

» Hybrids, start/idle, and electrified auxiliaries have greater benefit in China’s
stop and go traffic
BEsN T, Rah/=%, Hhues iU AE b E RIS T KRR

» Electric hybrids likely to be cost effective in near-term due to battery cost
reductlons

TR 8 AR A 2 DA Pt AN AT i S L AR L 3 19
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Cost vs. percent efficiency gain
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Cost per liter diesel saved (US
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ROVEMENT FOR HEAVY TRUCKING |
NA IS ALSO SIGNIFICANT

Qo 9O
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"qc: §$C\l 'g Heavy duty trucks
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Percent Efficiency Gain

Lower benefit from aerodynamics due to lower speeds

BAR AT B HI 58 T 288 1 S a8

Possibly greater gains from switch to radial tires from bias ply
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OPERATIONS AND LOGISTICS COULD BE
AN EVEN LARGER OPPORTUNITY

ia 5 MY G oK L2
US Analysis Freight Sector Fuel Savings
EEFREHIRENEFER

Million bbl per day 7 Ji ffifE K

G2 INSTITUTE'

2010

2050, Equip- Inter- Logistics Double Oper- Remaining
BAU ment Modal Wik Trailers ations  HAih
SfEfE R Ak KGisk PYCE SR V= ¢

Greater savings in US from operations than technology

5 [ ()32 8 F )i oA F AR BE K )5 REvs )

Opportunity could be larger in China H [E#L &5 K

- Load factors currently 33% lower 2£3% & 1£33%

- Fragmented freight industry (~40% single truck fleets)# J {b i Bz 11
sty (Z140% N R HE —~ 4

- Evolving infrastructure LAt % jifi 58 5 ik 21




THESE SAVINGS CAN OFFSET GROWING
DEMAND

DAL 58 AL 19 24 A RV e K ) A0l

Early estimate of transportation fuel savings in China
o [ AT 8 1 B 1T 49—k
Million bbl per day 7 Ji ffiff K

13.3

RS INSTTUTE

2009 2050, Auto  Freight Auto Freight Other Remaining
BAU Design Equip Use  Ops HAth IS hekE
SEHETE 5T R v 18I 4% YRR NS
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PATH FORWARD
J& £E HI 5T v K

Ongoing
technological

analysis
k4 B A RBAR 2

Demand reduction
analysis
FrREACH T KRB

Broader project
integration
Eﬁﬁmﬁﬁmﬁﬁ

Refine duty cycles for Chinese

road vehicles

Improve resolution of current

truck fleet

Explore carbon fiber
manufacturing potential
Conduct air, rail, and ship
technological analyses

Analyze freight network
optimization potential
Assess smart growth and
passenger VKT reduction
opportunities

Model baseline complete by

end of 2013

Fully integrated analysis with

“transformative case”
complete by May 2014

@ ROCKy
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POLICY IMPLICATIONS
A A

L|ght duty vehicles %
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nght duty trucks BEI K%
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Heavy duty trucks EHEIF%E
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POLICY IMPLICATIONS
A A

nght duty vehiclesFeH %
Vehicles that achieve <2 liters per 100 km appear economic in China today if
integrative design principles are employed in their design

» Electrification, while economic, will require a wholesale government
intervention to accelerate adoption

« Significant hidden capital savings can be achieved by not building out
petroleum distribution network required to keep up with China’s rapidly
expanding auto base

Light duty trucks’®2 K74

« 30% efficiency gains in light trucks are cost-effective today if widely available
global technologies are deployed

« Hybridization of these fleets will be cost-effective in the near-term (i.e., before
2020), offering an additional 20% fuel efficiency potential

Heavy duty trucks EXI K%
35% efficiency gains in heavy trucks are cost-effective today if widely available

global technologies are deployed

« Additional emissions savings will require switching fuels (e.g., natural gas,
biodiesel), as electrification does not appear economic any time in the near
term

25
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