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« Brief Introduction of my organization

e Biodiesel development in Thailand
— History of various national energy policy & plans
— Current Alternative Energy Development Plan (AEDP: 2012-2021)
— Current situation
— Step towards increased biodiesel utilization
v B20 (FAME) in fishery project
v B20 (FAME) in heavy duty truck project
v' BHD (Bio-Hydrotreated Diesel) project
v H-FAME (partially Hydrogenating Fatty Acid Methyl Ester) project
* Lessons learned and experiences shared
— Quality assurance of biodiesel in actual market
— BDF blends and based diesel specification
— Contamination prevention

 Concerns for Talwanese biodiesel market
— Issues of BDF blending in ULSD promoting microbial growth
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NSTDA at a glance

Established:

Governance:

Location:
Vision:
Missions:

Org chart :

Focal point:

BIOTEC MTEC NecTEC BINANOTEC
December 1991

by the National Science and Technology Development Act, 1991

A quasi-government agency with
Minister of Science and Technology as chairman of the board

Thailand Science Park (30 kilometers north of Bangkok)
Key S&T partner towards knowledge based society/economy
R&D, Technology Transfer, HRD, and Infrastructure

Four national R&D centers (total 98 laboratories):

BIOTEC National Center for Genetic Engineering and Biotechnology
MTECNational Metal and Materials Technology Center

NECTEC National Electronics and Computer Technology Center
NANOTEC National Nanotechnology Center

One technology management center
TMC Technology Management Center

NSTDA is national focal point for EU’s Framework Program



Personnel Distribution
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Budget, Income and Expenses
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R&D Strategy (2011-2016)

Agriculture and Energy and Health and Bioresources, Manufacturing
Food Environment Medicine Communitiesand 5 Service
Target the Underprivileged Industries
Industry
| | | |
Functional Materials and Processing
Cross- Digital Engineering (Design, Engineering and Automation)
cutting Sensor and Intelligent System
Programs
SRI (Service Research and Innovation)
Biotechnology Materials Information and Nanotechnology
Technology Computer
= Functional Technology = Nano-coating
Platform genomics = Computer—Aided = Nano-encapsulation
Technologies technology Design, = Devices and = Functional
* Microbial Engineering and Systems Nanostructure |
Biotechnology Manufacturing = Service Informatics
= Agro- = Materials Design
biotechnology and Production
|
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Innovation Cluster | and Il (or INC | and INC Ii)
@ Thailand Science Park

Innovation Cluster |

O 60 Tenant Companies, 12 Incubatees
O 70% Thai : 30% Foreign

O ~500 Staffs with over 300 researchers

Innovation Cluster Il

O 4integrated Towers

Gross area of 124,000 sgm.

World class R&D infrastructure

Sensitive lab, heavy equipment area

Superb ICT infrastructure & business services
Additional 150 Companies

To be openin 2014
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NSTDA International Collaboration

Europe: EU-FP7, UK-Thailand Partners in
Science, Thai-German Mobility

Scheme, BMBF, Fraunhofer- China: CAS, GUCAS, Japan: AIST, RIKEN, JICA, JST, e-ASIA, JAXA,
Gesellschaft, Fraunhofer-ISE, Fraunhofer- Xiamen University, JETRO, METI, MEXT, NUT, NIMS, NISTEP, NED
IFF, University of Magdeburg, Karlsruhe SAAS, KIB, SSRC, Sino — Thai 0, Tokyo Tech, Hiroshima U., Toyota,
Institute of Technology, Imperial College Scientific and Technical Shiseido, Shimadzu, Ube, Denso, ATPIJ, YU, Y
London, University of Coorperation, Sichuan amagata Univ., etc.

Zurich, CNRS, CIRAD, Institut National Academy of Agricultural Korea: KRIBB, KRISS, STEPI, Korea Science
Polytechnique de Toulouse Science (SAAS)

- Thai Scholarship program, Ecole
Polytechnique, k-
DESY, Lindau, CER!

versite d h Foundation
(INPT), Universite de Bourgogne, The Franco Taiwa

ASEAN: ASEAN
COST, SIRIM, MIGHT, LIRE, VAST,

U.S.A.: NISTPASS, A*STAR, Singapore
NSF, IBM, NBIA, Carnegie Polytechnic, CEBU Technological
Mellon U., MIT, REI A University

Int’l, PSU, UWM, GEC, TMS, %

U of Wisconsin-Madison s

Australia: QUT, U. of Queensland,
Australasian Corrosion Association

Middle-east: Technion — Israel

institute of Technology, Ben-
Latin America: Gurion University of the Negev
Brazil, Argentina (BGU), Israel

© NSTDA 2014 Overview of National Science and Technology Development Agency (NSTDA), Thailand 9 Shns
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History of Various
National Energy Policy & Plan
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Strategic Plan for Renewable Energy

2003 — 2011 (Old plan) TEC

a member of NSTDA

Strategic Plan for Renewable Energy

0\;0 : Target 3,276 MW
Ve Existi 1,621 MW
%&'s ncentiv : xisting 1,
RPS/Adder cost 1.3% |

Electricity

5% RPS 80 MW
Adder cost 1,575 MW
-biomassfsmall hydro

-MSW/Wind fSolar

rrrrrr

RE [ RE —— "1 RE
0.5% 4 3%

Target 4,035 ktoe
Existing 2,424 Ktoe Heat

!

4.89%d
EtOH

1.99%, | Target 2.4 ML/d

Substitution of 6,688 ktoe B':)x:t'"g 1.22 MiL/d Biofuel
and
Target 3.0 ML/d
reduce GHG 20.51 Mtons Existing 1,29 ML/d
—2003—2005—2006—2007 2011
From Ministry of Energy Remarks: as of Mar 2008
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) e iancheditel Development Strategy on Alternative Energy

a member of NSTDA

Target 5,608 MW
Existing 1,750 MW

Adder cost 3,858 MW
-Mini/Micro Hydro, Wind,

2 ST IIWRIITILL for 2008 - 2022
A l
R |
‘bc? yF T m :
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: 0’0 2.4% |
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Substitute Energy of 4,237 ktoe/yr
Reduce Energy Import 99,500 mTHB/yr

4.19%
Reduce GHGs 10.5 mton/yr 0

Substitute Energy of 19,800 ktoe/yr

Reduce Energy Import 461,800 mTHB/yr 6.2%

Power
Generation

Target 7,433 ktoe
Existing 3,007 Ktoe

Heat
Generation

Ethanol

Target 9.0 ML/d
Existing 1.24 ML/d
Biodiesel

Target 4.5 ML/d
Existing 1.56 ML/d
Hydrogen

Target 0.1 m.kg

Biofuel

Target 690 mmscfd

Reduce GHGs 42 mton/yr

(6,090 ktoe)
Existing 108.1 mmscfd

NGV

— 2008 —— 2011 —— 2016 2022

Projected with 2008 average crude oil price of $94.45/barrel
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a member of NSTDA

Development of low-carbon society

. =

] Support
Bqulzget to Shugport Alternative Energy Development Plan the in\?epstment
esearc - i
Development (AEDP : 2012-2021) jnzrlé/:;e r:jgltglr

Target on using Renewable Energy at 25 %6
of Total Energy Consumption By 2021

New energy resources

MIC Pumped- Biomass Bio-gas Ethanol Ele AR
Tidal Mini diesel diesel
wave Geothermal Storage .
8,200 1,000
100 ktoe ktoe ktoe ktoe
2555 2559 2564
AEDP Goal
3,283 MW 4,987 MW 7,633 MW %
japability 13
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MINISTRY OF ENERGY

a member of NSTDA

Development of low-carbon society

. =

. Support
Bquleget to Shugport Alternative Energy Development Plan the infepstment
esearc . .
Development (REBIE - 20, ani”cvé"rfrﬁfﬁ.t&r

Target on using Renewable Energy at 25 %26
of Total Energy Consumption By 2021

| - ~

. Biomass Bio-gas MSwW Ethanol _Bio'
Uitekd Geothermal I diesel
wave ‘
3,630 600 160 | 5 507
MW MW .
2,000 MW oo MW \ ML/day ML/day l
2 MW 1 MW MW 8,200 1,000 35
100 ktoe ktoe ktoe ktoe \
3 MW 3,200 MW , 1,608 MW 4,390 MW , 9,235 ktoe 44% Replacing Oil
100 ktoe \ P
~ -~
\ o -
2555 2559 2564
AEDP Goal
3,283 MW 4,987 MW 7,633 MW pp]aﬂ'l't
i
2814
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Development of low-carbon society

. =

. Support
Buc;aget to Shugport Alternative Energy Development Plan the infepstment
esearc . .
Development (REBIE - 20, fnzrglgrfmsjgut&r

Target on using Renewable Energy at 25 %26
of Total Energy Consumption By 2021

Hydro power
plant
wind

New energy
resources

e Biomass  Bio-gas = MSW /. Ethanol \ NED
ida BHD)
Geothermal Micro Mini
wave 4,800 3,600 400 | ‘
) ton
2 MW 1MW e MW 324 MW 8,500 1000 200 \ ML/ i/d / ML/d
ktoe ktoe ktoe \ Y
4,800 MW ~ -~
; ’ 8,800 MW, 9,700 ktoe — =
£ LIy 100 ktoe 324 MW

« 1l Solar, Wind, Biomass, Biogas, MSW, BDF * Remove Pump-Storage, New fuel for diesel
« Add NED (New Energy Replacing Diesel) such as BHD and CBG

Revised by National Engr g PO|IC'¥ Compmittee on 16 Juc}{ﬁ%OlB
e
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History of Various
National Energy Action Plans
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Action Plan for Biodiesel Development and Promotion

2003-2011 Plan

Selling Biodiesel 5 % (B5) in Bangkok,
Some Areas in the South and
Extendng throughout Country in 2011

2007 2008 2009 2010 2011

I‘JEE 0.6 0.67 :_ 1.07 : 140
Han’angd I'I'I1‘HI n:-fﬁam I-I'| I::nurhtw and 1 m ral |r'- H&llﬂﬂbﬂuﬁﬂg Ec-unuws !

Palm Development from 2.7 to 3.3 tonfraifyr

Jatropha Develapment from 0.47 to 1.2 ton/raifyr

Specify thtin-n Area & Promote Planting thelatropha
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15-Year

(2008-2022) Plan

2010 | 2011 | 2012 2013-2016 2017-2022
Commercial BDF usage . *
|->_— | Promote B20 in fishery boat | Use B10 in rail | I
] '=
E > Fishery | Increase efficiency in ogistic | EE
|
'_> Rail | Review BDF pricing formula to align with worldWide price | Ei
Supply | Support plantation area increase (via BAAC) | | Expand plantation area: Rangsit, upper N & NE (kong river)
H [
- v nh
nswanluladiiaafuaiu ,%| FnsvnguuaziazaznagHuwaunns lidluladigassauinu | i
1]

—’| 2. Prototype and Demonstration

>

Prototyped community BDF usage

integrate Complex (Bjomass + biogas+ biodiesel)

3. Research & Development

R&D on new giantation area

BDF product|on from non-food biomass, e.g. Jatropha, alga

Support |BDF-related mdustry (oleocherhlcal)

1)
Biomgss to Lifuid

]
| Produftion of liquid fuel from biomass: BHD

| R&D B10 in didsel vehicle

}_\L

\ 4

4. Standard for confidence

A

Learning center; | | Issue B10 standard

H---

Establish biofuel management organization

5. Public relation and info dissemination

>

-

PR Green Diesel

Discussion on B10 usage with vehicle manufacturers

Raise public awareness in sustainable production of BDF

PR campaign for B10 usage in car

6. Improve database system

Database of oil palm growers on website with GIS technology to track plantation area

LA wa W
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Development Scheme of the Future New Fuel for Diesel Substitution 10-Year
(2012-2021) P

Development Plan Indicator Phase 1 Phase 2
1. Research Plan 2014

1.1 ED95 ED 95

1.2 Diesohol - Study result of new fuel Diesohol 2015

1.3 FAEE development in the future is

1.4 BHD clear enough to make FAEE

1.5 Seaweed/Algae decision on policy and ready BHD

1.6 Jatropha to implement the Pilot 2016

1.7 BTL Project and commercial

development respectively. geT‘EWEEdf IR
Jatropha
|
2014-2016

2. Pilot Project and
Trial Fleet Test

- Emerge the Pilot Project
and Trial Fleet Test.

- Decide to select the most
optimal new fuel.

- Pilot Project for ED95 or Diesohol or FAEE

2015-2017

- Pilot Project for seaweed, Jatropha + BHD

2015-2017

- Pilot Project for Biolet, BHD

3. Commercial
Development

- Emerge the commercial
production plants with a total
capacity of 2 ml/d in 2018.

- Increase capacity to 25 mi/d
in 2021.

2018

2

Commercial Production Capacity (ml/d)

2019

6

2020 2021

15 25

http.,www.dede.go.th/.dede/images/stories/dede aedp

2012 2021.pdf
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Remarks on Thailand Renewable Energy Plan

» Despite various revisions, the trends are clear

— Set rather ambitious utilization targets under estimated available
resources

— Focus on indigenous resources and appropriate technologies (e.qg.
biomass, biofuel, biogas) with supporting mechanism

— Initial subsidy may be needed but gradually decreasing (or even
removed) over time
e |ssues on biofuel & biomass

— Priority on domestic food and feed with surplus amount for biofuel
production (export depending on market price)

— Rearranging of cultivation land for food & fuel crops

— Increasing use of biomass resource from agricultural
residue/processing for heat and power production

— 2"d generation biofuels are under R&D and demonstration phase

A Driving Force for National Science and Technology Capability 20
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Current Situation

A Driving Force for Mational Science and Technology Capability 21
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i i Q./2014
High Speed Diesel {(HSD) 60.2 ml/day

| | | | | | =

Diesel 57.2 Biogliesel 3.0

Gagohol 20.9 mljday

Gasuline1. |\hann|2.5

0 10 20 30 40 50 b0 70

millizn litres /day
Final Energy Consumption

[SolarindsBiomass M3y Biogas|

Renewable Power Generation* 1, 20%
smmall Hydropower 0,.03%

Fossil fuels 76.0%

5 olar/Biomassy

Alternative& WISV /BioZas)
18,950 ktoe Renevrable Heat 7.10%
Energy11.3%

xﬂ_x
ditional
ble Energy

10.9%

Biofuels 2 30R4

Large Hydro Powrer 0.40% Imported Hydro Powrer 1.4%
inlogy Capability 2 2
*Induding off grid powereeneration.




) T B o ety Benefits of Biofuel

Reduce fossil fuel usage and dependency

Reduce carbon release to atmosphere

23



Status of Biodiesel

b
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4 )
Oil palm is mostly planted in the southern and

nugevasu

eastern part of Thailand.

mwauﬁ ynaKIs \ )
|wususru geuiinu )\

i)CIS uma‘usmu SIS
_ £ Tass
ﬂSﬁDSSﬂ soa18q

nes PRSI Oil palm plantation = 4.5 Million Rai

u1n gsuns

upssIsaLY
s ASa:ny
meyou as qg
us 3 unsuwn
7 USmuqs
5 1

57 .0 |l)b|n31 GER ||n3
6 lsaqs

n1||wu|wus

Harvesting area and Yield of Palm oil

4.2 )
@ pUnyS ° 3.27 322 3.50
9 asa 4.10 3.02 3.06
3.00
US:DoURABIUS .. ~ 400
(]
o
~ 390 2.32 2.50
S —
uws 848,903 Rai = 3.80 ©
e [ > 300,000 Rai 2 200 &
: [ 50,001 - 300,000 Rai § 3.70 S
* [ 10,001 - 50,000 Rai & 150 T
P 1,052,503 Rai[_] 1,001 - 10,000 Rai £ >0 g
_ [ < 1,000 Rai o
Wi g 350 1.00
unsrAssssusis 330,407 Rai 5
nina e nsy T 340
o 5 Whap 0.50
asv \\ 3.30
aouan 4 -
dqa 4T Jaend
989,246 Rai 3.20 0.00
been W sons 2010 2011 2012 2013 2014
Source: OAE P Harvesting area  ——Yield 1 hectare = 6.25 Rai

Oil palm plantation in Thailand
6.25 Rai = 1 Ha.

Source - Office of agricultural Economics 2o



@)E’ﬁ%ﬁtﬁ%oﬂlesel feedstock: Oil palm |~

a member of NSTDA

Map for oil palm plantation (2011)

0.64 M ha

Oil palm plantation area

Total (2012) area of 3,982,623 Rai

2.72% of arable land in Thailand
Oil palm production

Production (2011): ton
0

1-1,000
1,0001-10,000
10,001-100,000
- 100068001&_’2806880000 Total (2012) production of 11,326,660 Ton

DIT (2012), http://qis.dit.go.th/gis56/agri/Report/palm_product.aspx
A. Thammanomai (2012)
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4, =9i:pate.production, productivity & utilization-

INISTRY OF ENERGY a member of NSTDA

Oil Palm Production/Productivity B Domestic consumption [ Export

10 -
Production (x1,000ton) Productivity (kg/rai) = 0.90
: : E ,
b} 0.81 0.86 0.81
13,000 T T 3,400 5 o8 079
11,327 3
=
10,777/ T 3,100 c 06
11,000 1 (~17.8 aazf £
2,876 : 5 04
9,000 + g
T 2,500 g 02
a
= g
7,000 + : 2.200 0.0
2010 2011 2012 2007 2008 2009 2010 2011

o 2010-2011, large increase in oil palm (20-30% on both production and
productivity) due to additional demand from biodiesel

o 2011-2012, a drop in productivity due to the inadequate rainfall.
« Palm oil usage in 2011,

— 49% of palm oil used for domestic consumption,

— 22% for biodiesel production,

— 16% for export - potential as feedstock for biodiesel

— 13% for stock.

A Driving Force for National Science and Technology Capability 27

Source: OAE (2012) & A. Thammanomai (2012)
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Palm Oil Usage

) 4 D )
2012 1.89 0.30 0.04
2013 2.14 0.36 -
MMT MMT
— \ y

Stock at the

beginning

illl-ll'illle

¢

Domestic Biodiesel Export Stock
Consumption production at year end
) ) ) )
2012 0.93 0.63 0.31 0.36
2013 0.96 0.77 0.57 0.20
MMT MMT MMT MMT
~— \—/ ——/ —
Source : Department of Internal Trade of Thailand, Ministry of Commerce -
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(&) Energy Development and Efficiency Biodiesel Prod uction
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Biodiese
Fatty acid methyl ester (FAME)

In-line blending
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iy S B vty Government Policy & Regulation

MINISTRY OF ENERGY

Biodiesel ratio management

« Biodiesel is produced from the surplus palm oil in the

country.
« Biodiesel blending is varied according to the domestic

supply
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Biodiesel Situation

AEDP Target
2021

May 2014
Source: Department of Energy Business

~| Biodiesel consumption policy >

Q 2014

B7 (Mandate)

O 2012

9

July 2011

May 2011

B4 (Mandate)

@ |  B3-B5 (Mandate)
‘Mar 2011

B5 (Ma nda.te)

B2 (Option)
2010

4 83 (Option)
& 2008

B2 (Option)
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b

B100 Usage in Diesel

TEC

a member of NSTDA

B7 mandate
4.0 from Jan 2014
—— Total B100
35 1+ -=-B100in Diesel If
——B100in B5
3.0 One-grade diesel
from May 2011
2.5 B2 mandate
from Feb 2008 u
Q20 : : A
4 B2 inroductipn
= nation-wide
1.5 t¥rom Jun ZOW
10 M
0.5 \

0.0

P
<

T

~
Q@
=
Law]

Jan-07
Apr-07
Oct-07 |
Jan-08
Apr-08 |
Jul-08
Oct-08 |

http://www.dede.qgo.th/dede/images/stories/Biodiesel/B100 demand for

Jan-09 |

Apr-09 |

Jul-09

Oct-09 |

Jan-10

Apr-10 7

Jul-10

Oct-10 |
Jan-11

Jul-11 7
Oct-11

Jul-12 7
Oct-12 |

Jan-12 |
Apr-12

Jan-13 |

Apr-13 |

Jul-13
Oct-13 |
Jan-14

Apr-14 |
Jul-14 7

Diesel Jan 12.xls

http://www.doeb.qgo.th/info/data/datadistribution/biodieselB100.pdf
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Department of Alternative . . .
({5}-) ﬁf,i,g,’s“;;f;"g”;’“g;’,;“;g;f‘a"“ Biodiesel Consumption

Average daily usage of biodiesel (B100)

4 - ML/d
288 3.029 ML/d

> 2.423
1.67

2008 2009 2010 2011 2012 2013 Jan-Jul-2014

Source - Department of Energy Business




Step towards increased biodiesel utilization

Department of Alternative

@l) Energy Development and Efficiency

MINISTRY OF ENERGY
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CPO (MMT)

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Supply and Demand Plan

3.33
3.20 3,20
3.07
293
2.7
? 2.66
2.67 257
251 2.49
2.32 2.30
2.10
2.04 2.01 205
1.93
1.68
1.52
1.16
0.93 0.96 0.98 1.00 1.03 1.06 1.08 Lt i
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
CPO supply Bl Consumption and Industry  []Biodiesel and Advance Biofuel ——CPO usage
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Department of Alternative

by S e B0 in Fishery Project (2013)

® 20 fishery boats participated (20 4-cylinder & 20 6 cylinder)

® Using B20 for 500 hours over 1-7 months depending on usage (as is) |

® T-test statistical interview with boat owners after 500 hours usage \ ‘Wf&
— No significantly different from diesel (B5) usage at 95% confident interval

® Lube oil sampling showed no significant degradation over 500 hours

® Engine dyno test before and after 500 hours

— Power/torque, SFC (specific fuel consumption) and emissions (HC, CO, NOx, smoke)

showed no significant deterioration
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@i) e o e B20 in HD Truck Project (2014

® Thailand has ~1 million HD (heavy-duty) trucks with ~0.6 million trucks

over 15 years old age

® 20 HD (heavy duty, 6-cylinder) cement-carrying truck of 200-350HP trucks
ran with B20 for 30,000 km each (4 HD trucks on diesel)

— B20: 12 HINOs, 7 ISUZUs, 1 Mitsubishi
— Diesel: 2 HINOs, 2 ISUZUs



TOYOTA

TOYOTA _

-Toyota tests on engine/vehicle wi ends

These reports are partially summarized from

Collaborative R&D project on BHD(Bio-Hydrogenated Diesel)
for Diesel Vehicle

o ptt

TOYOTA

& TOYOTA

moving forward »

SUMMARY @ Overall Engine Performance Screening

Comparison with BO(Diesel)
1. BHD(*) give better smoke(PM) emission.

2. Up to 20% blending BHD(*) give no
significant difference in output power.

BHD seminar, 13 Sep 20127 emeerororenorent

[Enginel

Eure4 Hilux 3.0L

Turbo charger Common rail
Diract Injection Intercooler

[Fuel]
(1) BO{Diosal)
@ B5

(3) BHDS5+5%PME

- Power ?
- Emission ?
« Other ?

(@) BHD20+5%PME

(5 BHD20
BHD100

TOYOTA

Reliability

Engine durability test result “OK” #

__(PTT Test bench }

{ Toyota Test bench )
- J. L] i

High Speed Durability Pattern
"Long frip & High way driving customer”

'&;}.-,“= A J 4

Compaosite Durability Pattern
"Short trip & city driving customer”

http://www3.pttplc.com/Files/RTI1/62 110040 T.pdf



http://www3.pttplc.com/Files/RTI/62_110040_T.pdf

TOYOTA TOYOTA

Tested fuel

[Reference] B5(PME)
[Tamet] BH D20+5% PM E BHD20=60%N ormalBHD+40%lscBHD

SUMMARY

1. Overall results show existing Euro4 engine
is compatible with BHD(*)

* Output power/torque - Performance - Wear - Appearance

- Blow by gas flow

* Fuel consumption

* Oil deterioration & consumption 2. No difference in performance, oil deterioration
- Parts appearance & Inspaction from durability test.

*BHD =BHD20{80%NomalBHD+40%|soBHD)+5%PME

TOYOTA TOYOTA

To evaluate test fuels on vehicle durability for 100,000 km. SUMMARY

Vehicle : Toyota VIGO 4WD, C-Cab, 3.0L, Euro 4
Engine Oil : Cl-4/SL,10W-30
Fuel : B5(PME), BHD20+5%PME, BHDZ20

1) Driving 100,000km by higher blending ratio (Up to
20%BHD™*) with existing TOYOTA Hilux (Euro4
specification) without any negative result.

2) Better PM emission performance.
3) All test fuels do not affect on full load power, acceleration,

fuel consumption and used oil analysis result from
durability test.

http://www3.pttplc.com/Files/RTI/62 110040 T.pdf BHO"SeHimar, 13°Sep 2012
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Innovation on production and automotive utilization of biofuels

from non-food biomass (FY2010 - FY2014) 5'37
FAME

H-FAME Technology Rii. D

Conventional biodiesel production process
antioxidant

-~ - - - - == =-=-=-==-=====" SN st
[ Mek CatalystH,SO/koH) ) 1% gen. FAME
I Catalyst \
: —— st < B10-B20 ,
| Vegetab|e/ Esterification/ ) I
| Plant Transesteri- : Partial
: iils cie fication Ll hydrogenation I
| } P ___i%genFavE
N b Glycerin _ _ _ _ _ e Upgrading via. Incidental facility

H H Gas

2 Catalyst 2 Catalyst (C3H8, H20, CO2,

! !

Hydrodeoxy- = |somerization
genation

€ Possible production only under the high-pressure and HVO,BHD

high-temperature facility (e.g., P>5 MPa, T>280°C) -
® Petroleum refineries could afford to produce this 2nd 2" gen. Biodiesel

gen. biodiesel. jﬁ;; SATREPS @

uuuuuuuuuuuuuuuu ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 42



Advantages of H-FAME

Advantages of H-FAME:

H-FAME is intrinsically stable for oxidation:
meets with the FAME standards (=10 h), and less amounts

of peroxides.
Very lower cost-up for H-FAME compared with HVO, BHD:
no need of the high-pressure and high temperature

facilities (i.e., P<0.5MPa, T<100-130°C), and less amounts
of H2 necessary compared with HVO, BHD.

Detoxification of the phorbol ester in Jatropha FAME.
Higher combustibility (increase in Cetane number).

Decrease in the high-boiling point fractions of FAME, i.e.,
T95=380°C for Rapeseed FAME into T95=360°C.

Possible high concentration use more than B10.
Make ease the removal of saturated monoglyceride, etc.

Issues of H-FAME:

Need of the hydrogen supply system, i.e., on-site and
package-type hydrogenation production unit, H2 delivery

systems, etc.

uuuuuuuuuuuuuuuuu ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 43



Comparison between the H-FAME and HVO (BHD)

a4 AIST

H-FAME (1.5t gen. FAME)

HVO (2nd gen. biofuel)

AN OCHs e 0
O
NANANEASANAN OCHs MM\/\/\/\HO/O
: O O
Reaction ANAANANANAN O | oA~~~ A~~~ A~~~ O
Mono/Polyunsaturated FAME Oll (Triglyceride)  ©
EDANANSANAN OCH: | =5 NN
Monounsaturated-rich FAME® Hydrocarbons
Hydrogen_ Partial hydrogenation : 3H, Hydrogenolys_,ls/hydrogenatlon: 18H,
consumption Decarboxylation: 9H,

Oxidation Stability

Relatively high

High

Reaction Low pressure (atmospheric~0.5MPa) High pressure (>5MPa)
Conditions Low temperature (80~130°C) High temperature (>280°C)
Catalysts Ni catalysts, Noble metal Water (steam)-tolerant NiMo
catalysts, etc.(sulfur-tolerant ones) | catalysts, CoMo catalysts, etc.
Further N Isomerization for conditioning cold
processing one flow property and cetane number
Location of Local Community~ Refinery Petroleum refinery

processing facility

(small ~ large plants)

(Neat ~ Coprocessing)

nanionaL mstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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H-FAME meets with the FAME standards

a4 AIST

ltems Units EU Japan EAS-ERIA BDF Standard WWEC TISR's PP
EN14214:2003 | JIS K2390:2008 (EEBS):2008 March, 2009 Product BDF |
Ester content mass% 96.5 min. 96.5 min. 96.5 min. 96.5 min. 99.7 1
Density kg/m3 860-900 860-900 860-900 Report 876 ,
Viscosity mm2/s 3.50-5.00 3.50-5.00 2.00-5.00 2.0-5.0 5.0 !
Flashpoint deg.C 120 min. 120 min. 100 min. 100 min. 186 |
Sulfur content mass% | 0.0010 max. | 0.0010 max. 0.0010 max. 0.0010 max. 0.00025 ]
Distillation, T90 deg.C - - - - - 1
Carbon residue (100%)or | . - - 0.05 max. 0.05 max. ;
Carbon residue (10%) 0.30 max. 0.3 max. 0.3 max. - 0.14
Cetane number 51.0 min. 51.0 min. 51.0 min. 51.0 min. 57 |
Sulfated ash mass% 0.02 max. 0.02 max. 0.02 max. 0.005 max. <0.001 |
Ash content mass% - - - 0.001 max. - 1
Water content mg/kg 500 max. 500 max. 500 max. 500 max. 385 i
Water and sediment vol% - - - 0.05 max. - !
'CI':otaI contamln.at|on mg/kg 24 max. 24 max. Demands for high quality BDF |
opper corrosion Class-1 Class-1 e 1
Corrosion: Ferrous - - - light rusting. Max - .
Acid value mgKOH/g 0.50 max. 0.50 max. 0.50 max. 0.5 max. 0.16
Oxidation stability hrs. 6.0 min. (™) TeIminNE) 10 min. 15.1 I
lodine value 120 max. 120 max. Reported (***) 130 max. 70.5 |
Methyl Linolenate mass% 12.0 max. 12.0 max. 12.0 max. 12.0 max. 0 |
Enoo'i”t[]‘:ﬁ“drﬁ;‘: k'): cﬁl'g's mass% 1 max. N.D. N.D. () 1 max. ND. |
Methanol content mass% 0.20 max. 0.20 max. 0.20 max. 0.20 max. <0.01 |
Monoglyceride content mass% 0.80 max. 0.80 max. 0.80 max. 0.80 max. 0.54 1
Diglyceride content mass% 0.20 max. 0.20 max. 0.20 max. 0.20 max. 0.20 f
Triglyceride content mass% 0.20 max. 0.20 max. 0.20 max. 0.20 max. 0.06
Free glycerol content mass% 0.02 max. 0.02 max. 0.02 max. 0.02 max. 0 |
Total glycerol content mass% 0.25 max. 0.25 max. 0.25 max. 0.25 max. 0.17 |
Na+K mg/kg 5.0 max. 5.0 max. 5.0 max. 5 max. <3 1
Ca+Mg mg/kg 5.0 max. 5.0 max. 5.0 max. 5 max. <2 ,
Phosphorous content mg/kg 10.0 max. 10.0 max. 10.0 max. 4 max. <1 !
Trace metals - - - no addition -

(*) Equivalent to diesel oil
(**) Meet diesel oil specification

EAS: East Asia Summit ;

(***) Need data check and further discussion
(****) Need more data & discussion from 6 to 10 hrs.

an s o -

Mid-term target

EAS-ERIA
Biodiesel Fuel Trade
Handbook: 2010

1 GGLMA
HUWONG CHOLLACOOP

B

®EAS-ERIA
BDF

standard, (EEBS
):2008

Final target
/ e, AT e

st et

BIODIESEL
GUIDELINES

®\WWFC
Guideline BDF
quality

ERIA: Economic Research Institute for ASEAN and East Asia,;, WWFC: World Wide Fuel Charter

nanionaL mstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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Automotive compatibility of Jatropha H-FAME @@L AIST

®EAS-ERIA BDF

ISU20 ISUZU TECHNICAL CENTER OF ASIA CO.LTD Paga 1/ 19
S t an d ar d (E E B S) 2 O O 8 PROJ. NAME : Jatropha bio-diesel 810 Durability ~ TEST PLAN NO. Q1201-12-028 TEST REPORT NO. Q1204-13-066
TEST REPORT
PROJ. CODE B1295 CLIENT MTEC JOB ORDER SHEET NO.
Title : JATROPHA BIO-DIESEL B10 ON ROAD DURABILITY 50,000 KM
Copy Delivery Page 1. Purpose

‘ WW F‘ O ms To evaluate the effect of using high-quality biodiesel blend B10 (Extracted from non-food biomass)
- - O mcT By on road durability test 50,000 km (course -3CZ)
BIODIESEL G d I :
U I e I n e B DF O isuzu 2. Period

GUIDELINES .
q u aI Ity [] OTHERS : MTEC Al 1 Nov'12 ~ 30 Jun "13
- Dr.Nuwong 3. Attendants
- Dr.Manida ITA Incharge(VEX) : Kraiwuth Simarat
R Nuttapol Yiemkhantithavon
— Thengpon Adulsiripong
= 4. Test Vehicle (As shown in below figure)
No. Test vehicle VIN Engine No. Load condition
| TFR EXT 4x2 Lo-ride MP1TFRE6JCT100042 HR7547 2700 kg

5. Test Condition & Test Route
Test weight = Shown as above

Fuel usage : Jatropha Bio-diesel B10

Index Page Test Route ; -3CZ Course (Apporximately : A = 51.2%, Course B = 46.1%, Course C = 2.7%)
Test report 1 Running distance : 800 km/day for Course A, 830 km/day for Course B,
I Test progressive 2~4 280 km/day for Course C, Running test on daytime and repeat until accumulated distance reaching
FIC and LOC Data 5~6 50,000 km (See in figure)
Emission data 7~9 The vehicle was measured power /Torque/Emission at every 25,000 km and lube il was sampling
Max Power and Torque data 10 at every 10,000 km as see in figure
Dynamic performance data 1 6. Test Summary
1 n r Engine oil analysis result 12~16 After running test (Accumulate distance about 50,000 km),We can summary result that are shown
)
' Reference for oil analysis 17 ~19 | as below and details please find as attached :
\ "l l l Item Result
Average Speed 61.88 km/h
Average Fuel consumption 14.09 km/L \0
|Average LOC 15,734 km/L B 5\

Engme Dl‘lvBabllll! We have not found abnormal phenomanoj @é\&d dynamic p§m¢ :

MOU ceremony on “Innovation on New Non-Food e e T Ol W"e

Leakage / Damage : We not found oil leg|

Biodiesel Project” (2012.7.30) @Bangkok e ‘(\é‘f’é

b

ﬁ Euro3 emission standard
I ci tions and wear tests appear in normal working range.

CE- \
On-road test e Ga(\}f’e’/\SL\:i:m » . —_— A
(50,000km) N a 00 W o ot Jeph s 3101 g on 520 sl g same s gra gl ud

e FIEEDNON @VEHICLE TYPE | GVEHICLE STAGE | @TYPE OF WORK | APPROVE CHECK ISSUE
2 O 1 2 11 1— \) \Validti H:H:ndhng Eev OProtatype [ZGeneral Evaluation 3
. . G&u’“ L ~ ﬁr‘ > ,,,A‘ Q.Kvawvn
es rability&Siress [mji:] O Trial [JProblem Investigation| v
s Jul
2 O 13 5 3 1 d IC] Powertrain&C/D Task Force O wmo [ Production [JCM Evaluation Z#—!’.r,z,;/j 1 a’u\ \9 24 SuL R
Y O Nv/BrakeiElec O Other [IHD&BUS Ocr  OJother YHayashi X Anvwat S Kraiwuth
FM-12-04 (Rev01) ITA Validation & Experiment Department
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& Department of Alternative \IM
( Energy Development and Efficiency MTEC | N

) MINISTRY OF ENERGY a member of NSTDA

Lessons learned & Experiences shared

® Quality assurance of biodiesel in actual market
® BDF blends and based diesel specification

¢ Contamination prevention

a7



Department of Alternative

TR L Quality Assurance of BDF  VITEC

fNSTDA

® Thailand (by Department of Energy Business, DOEB) has issued separate

standards for

— Neat biodiesel (B100) for both industrial grade (blended with diesel for
multiple cylinder engine) and community grade (strictly used with agricultural

engine)
— Blended diesel at biodiesel ratio of currently 7% (B7) and adjustable
depending on palm oil supply
® B100 producers must comply to B100 specification when selling to oil
retailers for blending; whereas, oil retailers are randomly audited by

DOEB against diesel specification
® Penalty given to those who fails to meet specification (Fuel Act 2000)

® With mandate of B7 since 1 Jan 2014, need to modify some diesel

specifications
*http://www.doeb .go.th/knowledg eL tC n; JD,a,lr} instruction.htm
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® DOEB encourages fuel station to take part in quality assurance program

® Both DOEB (by law) and fuel companies perform quality check at fuel
‘. %\ gp{;. :::_‘.}-

http://www.doeb.go.th/activity/56/feb56/238.ipqg
http://www.benzowner.net/forum/showthread.php?t=32843
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® Fuel contamination may occur during
processing, storage, transportation, dispenser and underground fuel tank so

need to be cautious in all steps

® Explicit laws to govern fuel storage, transportation tank, dispenser and

underground tank for both safety and contamination prevention

b e e | -

*http://www.doeb.qgo.th/knowledge/data/protecttank®
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® |ssues of BDF blending (B2) in ULSD promoting microbial growth’

— Biodiesel is more susceptible to oxidation stability due to bio component
— Water content as low as 100ppm may be sufficient to allow microbial growth

— Reduced sulfur (natural bacteria killer) content in ULSD (<10 ppm S)

® Discussion points

— Technical or logistic issues?

> Quality according to specification at BDF producer or blending facility

» Need to check quality at fuel station especially contamination in underground tank

storage

— Even with diesel, already some protocol to follow

» Diesel fuel microbe infestation analysis, IP-385 and IP-472
» Biocide may be added for biodiesel blending

* http://www.petrolplaza.com/technology/articles/MiZIbiYXNDgINCYmMMSYxJiY%3D
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