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e Transportation fuel/energy around the world
— Compressed natural gas (CNG)
— Electricity: HEV, PHEV, BEV, FCEV
— Biofuel: ethanol, biodiesel
* Fuel pricing
— oll vs biofuel vs other alternative fuels
e Status of biofuel

— 15t (conventional) biofuel: bioethanol & biodiesel
v’ Blending level vs part modification

e Reduction of CO, emission in transportation
— Economics: biofuel or CNG or other alternative fuels

* Policy incentives/frameworks for more biofuel in
transportation

 Feedback on APERC’s Scenario: High Renewable Energy
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Global natural gas vehicles (NGV)
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Total Natural Gas Vehicles (Worldwide) 1991 - 2012
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Global EV

Global EV Outlook Y e —

global EV stock - EV market share

Market sales chares of EVs reached over 1X
raprasants 0.0E% of iotal pasanger cars 8 i beolded EVT countries Lﬂz:/
EV market share > 1% Q{
‘  Norway, Netherlands, 12%

. L US & Sweden
EV spending by category ;

Percentage of 2014 Clobal
EV Stock In EVIT Countries

arad.a
Chna
Cermark
France

global EVSE stock
pagppaaans =
global EV sales 15,000+ fast-charge” ey
T 4D0DE Sloweed

- RRARRRRAER PP o "
: =Bl aannnaAeRl o2 7203, PHEVbatteryprogress
B 5T Portugal g 3 !I:‘C 't"' $/kWh M Erangy dersty (A
+150% == n 15,0004 faat . 4. 0004 sl [Trrough Spain, 33 N2014 BOO 0S ( )
- EAX A TTRIgTD DOTE and of 2004 par 1) ::.‘--.L ;:. =
= da :“ N B EWSE stock more than doubled for slow changing iﬁ“i:'hz;:f
1% i paints betwesn t ne end f_,, 2z r'::l M4, and e =
L ncraased eightfold for fast changing points. ’-S:i'_‘ nc" R S N S

A Driving Force for National Science and Technology Capability
IEA (2015), http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page. pé 4



http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf
http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf

Global biofuel
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Fuel prices
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Figure 3.1. Biofuel prices to remain almost constant in real terms
Evolution of prices expressed in nominal terms (left) and in real terms (right)
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Source: OECD and FAO Secretariats.

» Ethanol price projected to increase with inffatiore rate & cCruderdil {rie2712
while biodiesel growth is slower (due to growth of vegetable olil price)

* Global production of ethanol and biodiesel in 2023 forecasted to 158

and 40 billion L
OECD-FAO Agricultural Outlook 2014-2023 (2014)
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Production Costs of Alternative Transportation Fuels
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Figure 1 » Cost of fuel production versus oil price for select fuels in Current Technology Scenario
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Figure 2 » Cost of fuel far Current Technology Scenario versus Mature Technology Scenaria
for USD 60/bbl [top) and USD 150/bbl (bottom)
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Corn ethanol

Sugar cane ethanol
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Note: BTL = biomass-to-liquids; CTL = coal-to-liguids; NG = natural gas; USDag10/bbl = 2010 nominal USD per barrel of oil; USDygu/Gliy =
2010 nominal USD per gigajoule using lower heating value. Fuel production costs in this figure are extrapolated from their USD 60/bbl
value using an arithmetical average of the two methods (Petraleum Intensity and Historic Trend) are discussed below (see Chapter “Results”).

Source: unless otherwise stated, all material in figures and tables derive from IEA datg %qlﬁﬁlag‘:&sm National Science and Technology Capability
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Biofuel blending limit: ethanol
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Part modification for ethanol blendin
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Carburetor

The material of the carburetor body or carburetor
cover cannot be aluminum or exposed ; if it is, must be
substituted, protect with surface treatment or anodize;

Any component in polyamide 6.6 (Nylon) that has
contact with the fuel must be substituted by other
material or protected;

The material of buoy, nozzle, metering jet, floating
axle, seals, gaskets and o-rings must be appropriated.

Engine

The engine compression
ratio should be higher;

Camshaft with new cam
profile and new phase;

New surface material of

Intake Manifold

With new profile and less
internal rugosity, to increase
the air flow;

Must provide higher intake air
temperature.

valves (intake and
exhaust) and valve seats.

Electronic Fuel Injection
Substitution of fuel injector material by stainless steel;

New fuel injector design to improve the “fuel spray”;

New calibration of air-fuel ratio control and new
Lambda Sensor working range;

Any component in polyamide 6.6 (Nylon) that has
contact with the fuel must be substituted by other
material or protected.

Fuel Pump

The internal surface of pump body and winding must
be protected and the connectors séaled;

Any component in polyamide 6.6 (Nylon
contact with the fuel must be substifute
material or protected.

The pump working pressure must be increased.

that has
by other

Fuel Pressure Device

The internal surface of the fuel pressure device must
be protected,;

Any component in polyamide 6.6 (Nylon
contact with the fuel must be substifute
material or protected.

The fuel pressure must be increased.

that has
by other

Fuel Tank

If the vehicle fuel tank is metallic, the internal surface
of tank must be protected (coated);

Any component in polyamide 6.6 (Nylon) that has
contact with the fuel must be substituted by other
material or protected.

Higher fuel tank capacity, due to the higher fuel
consumption.

Catalytic Converter

It is possible to change the kind and amount of noble
metal present in the loading and wash-coating of
catalyst converter;

The catalyst converter must be placed closer to the
exhaust manifold, in order to speed up the working
temperature achievement (light-off).

Exhaust Pipe

The internal surface of pipe must be protected
(coated);

The exhaust design must be compatible with higher
amount vapor.

Motor Oil
New additive package.

Fuel Filter
The internal surface of the filter must be protected;
The adhesive of the filter element must be

appropriated;
The filter element porosity must be adjusted.

/

lgnition System

New calibration of advance
control;
Colder
plugs.

heat rating spark

Evaporative Emission

System

evaporative emission control

Cold Start System

Auxiliary gasoline assisted start system, with
temperature sensor, gasoline reservoir, extra fuel
injector and fuel pump;

The vehicle battery must have higher capacity.

Due to the lower fuel vapor
pressure, it is not necessary

ANFAVEA, Brazilian Vehicle Manufacturers Association
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Biofuel blending limit: biodiesel
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OEM Support

OEMs Supporting B100 OEMs Supporting B20 OEMSs Supporting B5

Case IH {2007) Arctic Cat {2006) Audi *
{Allow up to B20in IL and MN in

2009-2015 models)

Deutz AG (2012) Buhler (2007) BMW

Fairbanks Morse (2007} Caterpillar {All model years) Hustler Turf Equipment

New Holland (2007) Fiat Chrysler (FCA) — Mercedes Benz *

Ram (2007) & leep (2013) (For blends over BS, see MB brochure)
Cummins (2002) Mitsubishi Fuso *
Daimler Trucks - ling: (2012) PACCAR?* - Including:

- Detroit Diesel * {Series 60 engines
only; other models approved for BS)

- Kenworth {Allow up to B20in
models with Cummins engines)

- Freightliner / “ Custom Chassis - Peterbilt {Allow up to B20in
{models with Cummins engines) models with Cummins engines)

- Thomas Built Buses Volkswagen ¥
{Allow up to B20in IL and MN in
2009-2015 models)

- Western Star (w/ Cummins engines)

Ferris (2011} * = Actively Researching B20

Ford (2011}

GMC & Chevrolet
(2011 all; SEO available since 2007)

HDT USA Motorcycles (2008)

Hino Trucks (2011) Biodiesel Position Not Yet Announced:

Navistar - International / MaxxForce ICB

(2007}

IC Bus (2007) Jaguar / Land Rover
Isuzu Ce ial Trucks (2011) Mahindra

John Deere (2004) Mazda

Kubota (2006) Porsche

Mack (EPA 2007 & EPA 2010 models) Nissan

Monaco RV (2007) Toyota

Perkins {2008)

Tomcar (2008)

Toro (2008; SEO kits for <2008)

Volvo Trucks (EFA 2010 models)

Workhorse (2007)

Yanmar (2011)

S National biodiesel boara (£U1o5), ntp.//www.blodiese

TEC

a member of NSTDA

* Generally, no engine/parts
modification needed for
B5-7 blending

 For B20, many OEM
warranty for B20 according

to ASTM D7467
BIEEX=)]TRUCKS

ATeyota Group Company

For More Information:

Glenn Ellis, Vice President
Marketing and Dealer Operations
Hino Motors Sales U S A Inc.
2453-698-9300

For Immetdliate Release

2

HINO TRUCKS APPROYES THE USE OF B20 BIODIESEL

Maowi, Michigan - Hino Trucks' complete product line of class 4 and 5 cahb over, and class B and 7
conventional trucks are now approved to use up to B20 biodiesel

All 2011 and 2012 model year cah over and conventional trucks powered exclusively with Hino's
proprietary J-Series engines are approved to use hiodiesel B20 blends that contain biofuel hlend
stock (B100) compliant to American Society for Testing and Materials (ASTM)DB751, and blended
fuel compliant to ASTM D975, B20 biodiesel meeting these standards is also approved for use in
Hino's newly announc ed diesel-electric hybrid cab over due to enter the market late this fall.

.org/docs/default-source/ffs-engine  manufacturers/oem-

support-summary.pdf?sfvrsn=16

A Driving Force for National Science and Technolog Eapahllig 10
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GHG emission of biofuels
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LIFE-CYCLE GREENHOUSE-GAS EMISSIONS OF CONVENTIONAL AND ADVANCED BIOFUELS
— Advanced biofuels I Conventional biofuels —
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CO, Emission in Thai Transport
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UNCTAD Policy Brief (2014) http://unctad.org/en/PublicationsLibrary/pressp

Policy incentives/frameworks for more biofuel

ﬁEEPE:EIc Energy Research Centre in transportatlon
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Create regulatory arrangements for bioenergy tailored to national
resource endowments, which do not upset food and energy supply, but
Instead enhance agricultural productivity, rural income and worker’s
skills:

Deploy strategies to avoid the emergence of a technological gap
between land-intensive 1st generation and capital-intensive 2nd
generation biofuels. This is especially critical for poorer countries which
have a strong incentive to attract pilot plants and commercial
demonstrators of 2"d generation biofuels.

Offer support and training to ensure that the costs of sustainability
certification are spread along supply chains in a way that protects small
farmers from undue cost burdens;

Secure a continuous inflow of private investment in production and
process technologies for developing countries, especially through
predictable business environments;

Prioritize research and deployment of advanced technologies that can
convert non-edible biomass, and specially agricultural residues, into
bioenergy products, in cooperation with other countries to reduce costs;

Facilitate international trade by engaging in consultations, negotiations
and adoption of harmonized sustainability requirements that are
compatible with sustainability regulations in place in the main
International markets.

A [}riving Force for National Science and Technology Capability 13
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Biofuels Demand and Supply Potential - BAU

Key messages on biofuels

— Biofuel supply (15t gen only) in 2030: 30%
higher than BAU - why not 2"d gen?

— Share of biofuel in transportation:
2.2% (2010) = 4.6 or 6%7? (2030)

Slide 30 - additional economies for
potentlal bIOfuel Supply? -(A)thtlo&om;s thdszzpatdéa\fdan sel are: USS. , Philippine

Slide 31 - biofuel demand (BAU)

wrongly plotted? = -
Slide 33 = need to list necessary G |
mechanism to achieve doubling of RE T

of biofuels will remain the same

BAU Bidrfuels Demand

in 2012 and 2030.

.
tran S O rt I n 2 O 3 O + The BAU demand of bioethanol
8 - is about 51% of the BAU supply

A . for bioethanol in 2030, and

Slide 34 = Inter-regional balancing T | | e
between biofuel supply & demand?

—m-mm of the high supply.
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