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Outline

« Brief introduction of the project
— Rationale, Objective, Methodology

 Energy demand model set up®

— NV, FE, VKT

— Validation with historical data & correction factor
e Scenario analysis

— Business as usual (BAU) for baseline
— Broadly divided into

v" Introduction of already commercialized ED95 bus in bus sector
v" Introduction of nearly commercialized ED95 vehicle in other sectors

— Aim to benchmark 9 MLPD target in 2022

— Evaluate effects on diesel fuel substitution and CO, emission
reduction

e Conclusions & recommendation
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Project Objective rec

 AIms to assess feasiblility of using ethanol in transportation
sector (especially as diesel substitute)

— Construct a database model for energy consumption in
transportation

— Analyze above model for various scenarios to reflect different levels
of diesel substitution by ethanol

— Assess technical-economical feasibility of using ethanol as diesel
substitute in transportation sector
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SATE B Methodology

a member of NSTDA

« Use LEAP™ to construct energy demand model for
transportation sector

 Run scenarios analysis on ED95 technology introduction
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Outline MTEC

of N3TDA

« Brief introduction of the project
— Rationale, Objective, Methodology

 Energy demand model set up”

— NV, FE, VKT

— Validation with historical data & correction factor
e Scenario analysis

— Business as usual (BAU) for baseline
— Broadly divided into

v" Introduction of already commercialized ED95 bus in bus sector
v" Introduction of nearly commercialized ED95 vehicle in other sectors

— Aim to benchmark 9 MLPD target in 2022

— Evaluate effects on diesel fuel substitution and CO, emission
reduction

e Conclusions & recommendation
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AT EER L e =
Basic of energy demand calculation

ED. NV. VKT. FE.
= X X
(energy demand) (number of vehicle)  (vehicle kilometer of travel)  (fuel economy)
\
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Number of vehicles
by types from DLT
statistics

EPPO (2008) NEPO&KMUTT (1997)

DLT = Department of Land Transport
http//appsdltqothlstatlstlcs we b/StatIStICS html A Driving Force for National Science and Technology Capability 8




ot

B Validation with historic records rec
Reports from a member of NSTDA

Department of Alternative
Energy Development and Efficiency (DEDE)

W&&n ' 2009

Thailand energy situation Thalland energy statistics
2006, 2007, 2008 2009 (Preliminary report)
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Outline EC

Brief introduction of the project
— Rationale, Objective, Methodology

Energy demand model set up

— NV, FE, VKT

— Validation with historical data & correction factor
Scenario analysis

— Business as usual (BAU) for baseline
— Broadly divided into

v" Introduction of already commercialized ED95 bus in bus sector
v" Introduction of nearly commercialized ED95 vehicle in other sectors

— Aim to benchmark 9 MLPD target in 2022

— Evaluate effects on diesel fuel substitution and CO, emission
reduction

Conclusions & recommendation
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Business As Usual (BAU)

Model assumption (2010 to 2020)
New Sl car => E20 within 10 years?
New S| motor-cycle => E10 within 10 years?
New fixed route bus => NGV bus within 10 years?

LE-policy report (E85 promotion plan)
ZCabinet resolution on 27 May 2008 A Driving Force for National Science and Technology Capability



'consumption by engine technology =

Equivalents
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"~ Diesel fuel consumption by vehicle type

Scenario: BAU, Fuel: Diesel
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- CNG consumption by vehicle type ¢

Scenario: BAU, Fuel: CNG
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~ Ethanol consumption by vehicle type

Scenario: BAU, Fuel: Ethanol
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- Ethanol promotion for gasoline substitute 7=
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E-policy report (E85 promotion plan)
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~ " TEstimation of ethanol supply T

E-policy report
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Scenario development
B.1

Fixed route bus
@2020 (BKK)7

a member of NSTDA

B.2.1

Fixed route bus
@2010 (BKK)
- - B.22
+Fixed route bus

@2020 (Provincial)
7

Non fixed route
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Pickup truck
@2020 (BKK)

@2020 (BKK)

Private bus
@2020 (BKK)

Non fixed route
truck
@2020 (BKK) Private truck
@2020 (BKK)

Passenger
car
@2020 (BKK)
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Scenario development

a member of NSTDA

— B.1
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1 Substitute ik
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B.2.1 Replacing the NGV bus
with ED95 bus in Bangkok area @2010

Model assumption
New Sl car => E20 within 10 years
New S| motor-cycle => E10 within 10 years
New fixed route bus => ED95 bus within 10 years
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L
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“ " Ethanol consumption (BAU) TEC

Scenario: BAU, Fuel: Ethanol
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" Applied ED95 bus on BMTA L=

Scenario: B.2.1, Fuel: Ethanol
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S AOTA o eS8 CNG consumption (BAU) MTEC

Scenario: BAU, Fuel: CNG
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Applied ED95 bus on BMTA MTEC

Scenario: B.2.1, Fuel: CNG
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Energy consumption (TJ)
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Global warming potential
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eenhouse Gas (GHG) production calculation
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a member of NSTDA

All Scenario Results
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~ Diesel substituted compared to BAU 1=

Diesel of BAU substituted (kToe)
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~ Ethanol demand (Million liter per day)

Ethanol demand (Ml/day)
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Expand to other diesel vehicles
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a member of NSTDA

« Brief introduction of the project
— Rationale, Objective, Methodology

 Energy demand model set up

— NV, FE, VKT

— Validation with historical data & correction factor
e Scenario analysis

— Business as usual (BAU) for baseline
— Broadly divided into

v" Introduction of already commercialized ED95 bus in bus sector
v" Introduction of nearly commercialized ED95 vehicle in other sectors

— Aim to benchmark 9 MLPD target in 2022

— Evaluate effects on diesel fuel substitution and CO, emission
reduction

e Conclusions & recommendation
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“Conclusions & Recommendation

‘._'-.zd.':

e Conclusions

— ED95 technology in Cl engine can be employed to increase ethanol
demand toward the 9 Ml/day target in National Alternative Energy
Plan

— In addition, ED95 helps reduce GHG emission that would have been
emitted from CNG bus (due to carbon neutral ethanol)

— With ED95 technology in ClI engine, better fuel efficiency can be
achieved compared to CNG In Sl engine.

— ED95 technology helps enhance energy security in the country

e Recommendation

— Even with strong introduction of ED95 technology in CNG and diesel
vehicle, a target of 9 Ml/day ethanol consumption is still challenging
- need to be integrated with the measure to increase ethanol
consumption in gasoline market (Sl engine)
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Bl Scenario development
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" Applied ED95 bus on BMTA TEC
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" Applied ED95 bus on BMTA TEC

Market penetration to Provincial fixed route bus

-
&2

Ministry of Energy target

o
-
& 0 __|BUS07_fixed_route
Y @2022 = 9 Ml/day: B °C06_motor_cycle
—_taxi
:'s;_’ 8 “How?” B PC02_small_pickup
:..; 7 With normal market B PCO1_private_passenger car
6; 6 penetration, ethanol
= demand is too retard _
¥ 5 can not serve the targe Still not
D 4 meeting 9 ML/d
o @2022
RS
o 2
S 1
=

2010 2015 020 2025 2Q3.

H \4 A Driving FM for National Science and Technology Capability 38
1 1 1




" Applied ED95 bus on BMTA e

Shorten market penetration to provincial fixed route bus
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" CNG substituted refer to BAU TEC
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“~ Ethanol demand (Million liter per day) =

Ethanol demand (Ml/day)

Expand to other diesel vehicles
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Vehicle type

A. Total vehicle under motor vehicle act

B. Total vehicle under land transport act

MV.17 Public Motorcycle

MV.1 Not more than 7 passengers PCO1 Bus
MV.2 Microbus & Passenger Van PAsSEROEt cat - Fixed Route Bus Fig}ﬁg%us
MV.3 Van & Pick Up F:Skepz - Non Fixed Route Bus Nonlfi’xgdsr'gé e
MV.4 Motortricycle - Private Bus E}Vﬁ?i
MV.7 Fixed Route Taxi (Subaru) moiﬁgf’ycle Small Rural Bus SBUSO
MV.8 Motortricycle Taxi (Tuk Tuk) Truck
MV.6 Urban Taxi PtCaSA' - Non Fixed Route Truck Non-l;)fg?!ﬁ?e}mck
MV.5 Interprovincial Taxi - Private Truck -[:Vl:tglfr?f
MV.9 Hotel Taxi PCO5
MV.10 Tour Taxi Semaar
MV.11 Car for Hire
MV.12 Motorcycle PCO6

Motor cycle

MV.13 Tractor

MV.14 Road Roller

MV.15 Farm Vehicle

MV.16 Automobile Trailer

record from DLT (Dec2009)

http://apps.dlt.go.th/statistics web/statistics.html
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Dual-fuel engine Dedicated gas
CI Engine Bi-fuel SI | Bi-fuel SI DDF DDF LP_G CNQ
LPG CNG LPG CNG dedic. dedic
PCOL | @ /816 .
e car | 42.86%  56.57%: 0.57%]| 20.38%)| 1.46%
PCO2 |.. 5.25% |
pickup 67.95% 32.05% | 94.75%
PCO3 |.. 42.26%
moworvicyde |79 5806 20.42%
pco4 |........1461% :
tai 42.86% 56.57%: 0.57% | 77.00%
PCOS | 69.73% oo
e | 42.86%  56.57%
PCO6 | 100.00% |~ .~
motor cycle 65.57%: 34.43%
Bus07 1.24%
Bus08
bus
Bus09 b
Truck10 :
nonf|>t<reu(1krou %%%%% 9930%
Truck1ll 0.39%
oo | IGOIGO0E | 99.61%




=== ==ge|l Economy for Single Fuel Engine:

Derivation from 1997 data
« Assumption: The fuel economy is depended only on the

vehicle (engine) size and the engine technology.

a) So, the FE ratio (Sl to Sl, or Cl to ClI)
between two vehicle types are constant
during the consideration year.

b) And also the FE ratio between two engine technology (Sl to CI) of

FE. oc {

engine size,
.engine technology

each vehicle type are constant by the same manner.

: Sl Engine
km/litre o I
. Gasohol | Gasohol liese —
Gasoline . S yr. 1997 => yr2008
PCO1 1 1.0763
S| Engine
PCOz Ekﬁ%% & KM Uﬂ_T 1997 1.1597 Siosel
PCO3 1.0601 1.2116 Gasoline GaEngol Gé;gf*ol
PC04 0.9881 1.1294
PCO1 10.62* 11.30* 9.85 11.44*
e Diesel
GasolinEPPO2008 PCO2 10.00* 9.64% 9.28 | 11.21*
PCO1 10.62* 11.30* 11.44* PCO03 10.92** 10.52** 10.13 12.00**
PC02 10.00* . _ 11.21* PCO04 10.58** 10.20** 9.82 11.63**
PCO03 ‘ PCO05 11.83** 11.40** 10.97 13.00**
A Driving Force for National Science and Technology Capability
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~m===  Fuel Economy for Bi-fuel

and Diesel Dual Fuel

Bi-fuel engine:
ed.=FE, -DS, +FE, -DS,

Diesel Dual fuel:
ed.=FEy -(DS, +DS, )

*note DS : Device share
by energy unit

* The device share (DS.) and fuel economy (FE.) of the Diesel Dual Fuel
are referred to “Wannatong et al., SAE2007-01-2047"

Copyright @ 20

JSAE 20077147
SAE 2007-01-2047

Combustion and Knock Characteristics of Natural Gas
Diesel Dual Fuel Engine

Krisada Wannatong, Nirod Akarapanyavit, Somchai Siengsanorh
PTT Research & Technology Instituie, PTT Public Company Limitad

Somchai Chanchaona
Depariment of Mechanical Enginesring, King Mongkut's University of Technology Thonbur

07 Sockely of Automolive Enginzers of Japan, Inc. and Copyngnt @ 2007 SAS International Inc

A Driving Force for National Science and Technology Capability




AT EER L e -_—=—
Basic of energy demand calculation

ED. NV. VKT. FE.
= X X
(energy demand) (number of vehicle) (vehicle kilometer of travel)  (fuel economy)
when
ED= ) ED,
i, vehicle type |
j, region
ED, = > ED,
k, fuel used
« There are MANY fuel choices Bi-fuel engine:
and MANY engine technology ed.=FE, -DS, +FE, - DS,

to calculate fuel consumption Diesel Dual fuel:

ed.=FEy, -(DS, +DS,)

DS : Device share
by energy unit

e |ssues with Bi- and Dual-fuel

 Need certain assumption in the *note
calculation
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ST R Fhl =

1 &
Fuel economy and Vehicle Kilometer of Travel

{é)j drﬁwm:if'rm“ut WRumE U

nIs@An¥IuUo N0

n1sausnywavviulusiusua

ddnouan=nssunisulaviawasoIULHOtIR
nas

andummaluladws=oouninsuys

EPPO report, 2008 NEPO & KMUTT, 1997
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Fuel economy (BKK)

*EPPO report, 2008

PCO1 10.62* 11.30* 0.85 | 11.44* //////// //////// ////// /////// 9.87* | 10.85*
PCO2 10.00* 9.64% 0.08 | 11.21* //////// //////// ////// ///// 11.57¢ | 11.33*
PCO3 10.92% | 1052+ | 1013 | 12.00% B| fu / Mg .71 | 9.20%
PCO06 32..77* 29..24* : | : Diesel Dual;:él::FEDDF_.(DSI+Dsg) | _ | :
2 T Y T Er = e
Truckol | 2.57* 2.48% 238 | 2.83* /////// //////// ////// ////// 2304 | 263+
Truck02 | 2.22% 2 14% 206 | 244 7 oot | 227

**Extrapolated from NEPO & KMUTT, 1997 using engine

size/technology assumptions
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Road distance & Number of vehicle

Total road Total number of vehicles
Year :
distance (Rural) Bangkok Rural
1996 53,768 3,549,082 | 12,544,814
1997 55,321 3,872,327 | 13,793,913
1998 57,233 4,016,594 | 14,843,918
1999 59,306 4,162,846 | 15,933,690
L
L
L
2004 63,287 4,288,468 | 16,336,251
2005 63,062 4,899,969 | 17,671,093
2006 63,773 5,557,111 | 19,250,186
2007 64,745 5,715,078 | 19,903,369

f'\

Simplest model to
estimate VKT!!!

over time

Rd, VKT, > NV,
Rd, VKT, >NV,

km supply «c km demand

/

sum over VKT x NV of each vehicle type

Assume road expansion mostly from provincial region

(data obtained from Department of Highways)

Thailand transport portal (Rural)
http://vigportal.mot.go.th/portal/site/PortalMOT/stat/index6 URL/
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e LY X Y s,

= " " Vehicle Kilometer of Travel

Assume little road

. Rd, VKT, > NV
expansion VKT, 2NV,

/ Rd, VKT, >NV,

Rd, (:‘1) VKT, YNV, Rd, VKT, 2NV,
Rd, " 7 VKT, Y NV, Rd, VKT, > NV,
VKT, D NV, VKT, Rd, >NV,
VKT, > NV, VKT, Rd;, > NV,

= 0.6956 =0.8201

= 69.56% =82.01%
Bangkok Provincial area

Yr1lis 1997 (NEPO & KMUTT data) Survey of VKT only available
Yr 2 is 2008 (EPPO data) in this two years
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| Road distance & Number of vehicle

Rd, VKT, >NV,

Rd, VKT, YNV,
s 1 Eun
S = A—A_p_p AA
S O 60 - - 120
S o4 8
— o - 100
>< Hﬁ 50 N
— p.d .
w 97 = e L 80
S © 40 - o ©-g =
‘= - ~ ~0- (O i
- 3 307 “y_ 0000 @ -
5 % ¥y e, ® ©-o ©-0-@ | 4
o 151 - | V< /e, =
o) »n 20 el SELY Do
= © —4A— RD \/79/‘/ W - 20
z 20{ —y- W \ N 4 Yy
= S 107 —@- WK BusoL rural v L )
E = —@— VKT, Truck01 rural -

25 - 45 O T T T T T T T

> 5 1992 1994 1996 1998 2000 2002 2004 2006 2008
< Y Year

VKT (x1,000 km/year/vehicle)
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~ Vehicle Kilometer of Travel

Bangkok Province
PCO1 passenger car 9,887* 11,264*
PCO02 pickup 15,008* 13,746*
PCO03 Motor tri-cycle 6,500* 7,475*
PC04 Taxi 39,982** 49,208**
PCO05 Commercial rent car 13,407** 15,808**
PCO06 Motor cycle 8,097~ 7,414*
BusO1 Fixed route bus 50,746** 39,687**
Bus02 Non fixed route bus 52,168** 49,559**
Bus03 Private bus 31,301** 34,018**
sBus04 Small bus - 34,433**
TruckOl1 Non fixed route truck 30,211** 52,845**
Truck02 Fixed route truck 29,128** 44 924**

*EPPO report, 2008

**Estimate in this work by referring to EPPO & KMUTT, 1997
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= me==\/ehicle Kilometer of Travel
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= me==\/ehicle Kilometer of Travel
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LTI

Reports from a member of NSTDA
Department of Alternative
Energy Development and Efficiency (DEDE)

Thailand energy situation Thalland energy statistics
2006, 2007, 2008 2009 (Preliminary report)

A Driving Force for National Science and Technology Capability 58



“ Old results from interim meeting
Total energy consumption
25.000 9y P
= 20,000
o
<
- 15,000 | m DEDE record
S 0 ATRANS\ED95 model#1
- B Predicted error#l
© 10,000
©
Ko
-
L 5,000 ,
B 172200008 14.71%
0 & 1.133% * 5.92%
2006 2007 2008 2009
Year
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B R

‘Old BAU from 2 Advisory meeting

¥ § B
mber of NST

| =5
TDA

100%

80% -

Diesel ,

60% - 66.56%

Diesel ,
67.76%

40% -

B CNG
O Ethanol
O LPG
B Diesel
O Gasoline

20% Gasoline,
29.84%

Fuel shared percentage (%)

0%

Gasoline,
30.53%

DEDE record

ATRANS\ED95 model #1

Fuel shared percentage (%)

100%

80%

60%

40%

20%

0%

LPG
3.43%

Diesel |,
. 67.28%

Diesel ,
67.12%

Gasoline,
29.70%

B CNG
O Ethanol
O LPG
B Diesel
O Gasoline

Gasoline,
30.95%

DEDE record

ATRANS\ED95 model #1

—————

CNG

100% -

60% -
61.57%

40% -

67.23%

20%

Gasoline,
28.77%

Fuel shared percentage (%)

B CNG
O Ethanol
O LPG
B Diesel
O Gasoline

Gasoline,
30.99%

0%
DEDE record

ATRANS\ED95 model #1

Fuel shared percentage (%)

100% -

80%

60%

40%

20%

0%

CNG
6.43%

2009 /

— (e

Diesel ,

Diesel
59.23%

66.80%

Gasoline,
27.22%

Gasoline,
31.35%

DEDE record

ATRANS\ED95 model #1

B CNG
O Ethanol
O LPG
B Diesel
O Gasoline
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VS N T N

Correction factors (CF)

* Influencing parameters from real situation Distributed
— Crude oil price (i.e., energy crisis) ’ fuel price

— Currency exchange rate (i.e., economic situation) | (ex-refinery)
— Other (l.e., tax, political subsidize)

e Affected variables in model

— Fuel share evolution Mlleage Historic value
_ FE ’ correction | = :
e factor Pr edicted value

 Demand vs supply depending on fuel price
— Gasoline
— Diesel
— LPG
— CNG
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&Tmm 5 -
ST Correction factors (CF) TEC

a member of NSTDA

BKK Gasoline & Diesel Provincial Gasoline & Diesel
1.80 0.78
T 0] y = 1.2841E+01x 0300501 | fo': 0.76 .
S .\ ¢ Gasoline = y = 3.2061E+00x 3 74E0L
S 1.60 n = Diesel ‘8 0.74 Gasol
I3 | asoline
@ \ — Power fit (Gasoline) S 0.72 * )
+ 1.50 _ c m Diesel
< \ —— Power fit (Diesel) o 0.70 _ _
2 140 ~ Z Power fit (Gasoline)
o 4 ) o 0681 —— Power fit (Diesel)
S 1.30 S 0.66
o \ \.
&) _ -3.8420E-01 o -3.6628E-01
120 _y=7.5456E+00x 0.64 LY =3.6074E+00X |
70 90 110 130 70 90 110 130
Fuel price (USD/bbl) Fuel price (USD/bbl)
LPG & CNG
25.00
o y = 1.6344E-08x" >
O 20.00 | /
S
‘g 15.00 o LPG
h / A CNG
2 10.00 — Power fit (CNG)
g 500 | . Power fit (LPG)
8 . b = 1.2314E+00
y = 1.6195E-02%"
0.00 ‘ ‘
70 90 110 130
Fuel price (USD/bbl)
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Model Validation

Total energy consumption

Better agreement on total energy

25,000 d d
eman
g 20000 * Absolute value for gasoline and
% | demands still over predicted due to
15,000 d . |
-c% ER'II;IIQDIAEIE{S{:EIBQS mc;del#l CNG/LPG
Appli ti tor#2 .
5 10000 | B Plediciedemorst | « LEAP cannot take into account of
> A edee e fuel change in existing vehicles like
> - .
T 5000 u In the case of CNG/LPG conversion
1340 o b obo m 12, poog ™ [14.71% kit installation (only apply to new
0 al 213690 a b shosld 4 b.olss vehicle if fuel switching needs to be
2006 2007 2008 2009
Vear accounted for)
Gasoline fuel consumption Diesel fuel consumption
8,000 16,000
7,000 A 14,000 - —
3 6,000 2 12,000 | gl | ” _‘ el
X X
= 5,000 — = 10,000 -
c c @ DEDE record
< 4,000 | ERESAENFS\CEBO'% odelil — £ 8000 10 ATRANS\ED95 model#l | u
O 3000 1 O Applied correction factor#2 || ® 5000 L O Applied correction factor#2 || B
° = B Predicted error#l m [32/14% o ' B Predicted error#l 0
T 5000 U A Predicted error#2 i S 4000 || A Predicted error#2 | B P9.B8%
T = DO.B6%N | L), 2" m D2.53%
1,000 | W 10.38% b 6504 P70 2,000 - = b1Fod | afop7de |A[L3.P6%
0 3.68% 2 o 0 g B.16%l | 4§ 40%
1.12% 0.71% '
2006 2007 2008 2009 2006 2007 2008 2009
Year Year

A Driving Force Tor National Science and Technology Capability 64




Model Validation in % M T

100%

80% -

Diesel Diesel Diesel

g

(]

(@)

8
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@
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0% \ \

DEDE record ATRANS\ED95 Applied correction
model #1 factor#2
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, CNG
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Diesel

Diesel , 66.89%
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0.17%

S
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- L —

‘!:“.V =

" Market penetration of new technology

Market
size
A Late adopters
1
P(t) = )
®) 1+et
Early adopters
0 B

Market Developing Self-supporting market Time
introduction | market Little or no support needed
Support Support
needed needed

« Relationship between time and market penetration of new technology.
— Market introduction - Developing market - Self-supported market

 Assume S-curve for all scenario analysis with a 10 years span
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“ Gasoline fuel consumption by vehicle typer =

RS

Demand Results: Energy demand final units

Scenario: B.0, Fuel: Gasoline

Il PC06_motor_cycle

| |PCO4_taxi

B PC02_small_pickup

. PCO01_private_passenger_car

12,0001 ZOOM IN ON GASOLINE
10,000

8,000

6,000
4,000

2,000

Thousand Tonne of Oil Equivalents

2010 2020 2030
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TABLE 25 VOLUME AND VALUE OF NATURAL GAS IMPORTED BY SOURCE

Wi My ANMAR
AU 196,506 34,031 204 027 34,193 200,570 £3.466 197,105 41,176  YADAMNA
VIR 148,786 35,855 186,953 36,196 135,660 20,998 140,458 41,167 YETAKUN

UM 345 282 69,886 360 985 70,389 336,230 84 464 337,663 82,333 TOTAL

v usEn Umv. e (e Source : FTT.
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« BAU. NGV bus (BKK+Provincial)!
& apply Gasohol on Sl vehicle?

lcabinet resolution on 27 May 2008
2E-policy report (E85 promotion plan)

Scenario development

Expand to other diesel vehicles
B.2.2+ ... (@2020)

« C.1 Non fixed route bus (BKK)

« C.2 Private bus (BKK)

' \
« C.3 Non fixed r \@66 (BKK)
e C.4 Privat «\e K)

| Qe =
{mIRY: "\\\\3\ SEEE [ Qi '--IYUCk
0\06 Habt " Rk —————
6 Uiy AN EESE %’“ﬁ
. Passenger car (BKK)

=T oS T

e C.6 Pickup & Van (BKK)




Conclusions

Impact of ED95

— Advantage
v Replace fossil diesel import by indigenous ethanol fuel
v Retain use of high efficiency compression-ignition (Cl) engine but with ethanol fuel
v Income distribution to Thai agriculture sector for ethanol production
v’ Less capital intensive infrastructure & easier liquid ethanol fuel handle (compared to
CNG)
— Disadvantage
v Availability of ED95 technology (fuel & engine)
v" Need modification to existing diesel engine to be compatible with ED95 fuel

— Unknown?
v' Future olil price
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Recommendation
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