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Executive Summary

From National Energy Policy Committee meeting on 30 May 2016, one of the resolution
was to increase level of biodiesel blending in diesel with biodiesel of improved quality in the
commercial scale, as well as demonstration of B10 usage in selected vehicles from
governmental, military and private sectors prior to launching B10 as an alternative fuel option
in the market. The committee has requested related stakeholders, including Ministry of Energy
and Ministry of Science and Technology, to action in response to Alternative Energy
Development Plan (AEDP: 2015-2036), where one of the biodiesel upgrading technology from
Thailand-Japan collaborative project, “Innovation on Production and Automobile Utilization
of Biofuels from Non-Food Biomass” under financial support by JST (Japan Science and
Technology Agency) and JICA (Japan International Cooperation Agency) is H-FAME (partially
Hydrogenated Fatty Acid Methyl Ester).

“Implementation of Higher Blend of Biodiesel” project was awarded from Energy
Conservation Fund through Department of Alternative Energy Development and Efficiency
(DEDE) during fiscal year 2017 with National Metal and Materials Technology Center (MTEC),
National Science and Technology Development Agency (NSTDA) as project implementer
during 28 October 2016 to 26 July with the following objectives.

1. To scale up biodiesel upgrading technology

2. To evaluate economic feasibility with policy recommendation for B10 promotion

3. To investigate biodiesel properties susceptible to degradation during storage and

distribution

4. To determine environmental conditions that would degrade biodiesel quality, and

develop biodiesel standard for higher blend with diesel

5. To investigate effects (performance, emission, fuel consumption and wears) on

commonrail-diesel vehicles using upgraded biodiesel over 100,000 km on-road test

6. To prepare for B10 usage as an alternative
within the following scopes and results

1. Biodiesel upgrading, which could be categorized into 3 parts as follows
1.1. Investigation on factors affecting biodiesel properties in laboratory, especially
contaminant monoglyceride (MG) in biodiesel sine MG could affect fuel supply

and injection system in diesel vehicle, including fuel filter blocking. Hence, this
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1.2.

part focuses on finding MG limit that would not cause sediment in B10 more
than criteria imposed by Japan Automobile Manufacturers Association (JAMA)
under simulated temperature in the laboratory according to ASTM
D7501/D7321/D4625, EN12662

Biodiesels fuel with various MG levels (0.2, 0.3, 0.4 and 0.6wt%) were

prepared to be blended with based diesel (B0) at 7, 10 and 20% for testing at
temperature of 5, 10, 15 and 25 °C for 4 weeks prior to being vacuum-filtered
with 0.8 micrometer pore size, in order to determine filtered sediment on filter
paper according to JAMA criteria < 50 mg/| at temperature of 5 °C for Thailand.
The result showed that B100 with MG < 0.4wt% passed JAMA criteria for B10,
which was discussed with stakeholders, such as biodiesel producers, diesel
refineries and car makers, before reaching an agreement in the revised biodiesel
standard (for B10 blending) issued by Department of Energy Business (DOEB) on
15 May 2019.
Collection of biodiesel, base diesel and diesel (B7) samples from storage and
distribution system in order to check susceptible fuel properties such as water
content, acid value, MG amount, cloud point, oxidation stability and %
biodiesel blending during rainy and winter seasons with high risk of water
contamination and precipitation (if environment temperature is below cloud
point), respectively.

From collections of biodiesel (B100) from 11 biodiesel producers, base
diesel, biodiesel (B100) and diesel (B7) from 10 distribution centers scatter from
all over the country, and diesel (B7) from 50 gas stations selected from market
share and geographic spreading during rainy season (June to August 2017) and
winter season (November 2017 to January 2018), none of the samples showed
properties outside specification for both seasons. In addition, water content in
all samples from gas station were below 300ppm, a DOEB criteria, with all
measurements in fact were below 200ppm, which was JAMA recommendation
for B10. Hence, after this survey results were presented for discussion with
related stakeholders, such as biodiesel producers, diesel refineries and car
makers, a water content limit was lower to below 200ppm in the revised B10

standard issued by DOEB on 15 May 2019.



1.3. Technology transfer of biodiesel upgrading process to demonstration plants in
2 current commercial biodiesel producers, who were evaluated with highest
potential for technology transfer to produce biodiesel with MG < 0.4wt% (from
laboratory results obtained earlier) to be blended as B10 for further testing in
materials compatibility, vehicle performance and vehicle demonstration.
Furthermore, actual upgrading cost were collected from demonstration plants
in order to assess economic feasibility for upgrading cost in the commercial
production scale.

With readiness criteria (to produce high quality biodiesel with MG <
0.4wt%) approved and assessed by project steering committee on all 11
commercial biodiesel producers, Bangchak Biofuel Company Limited (BBF) and
Global Green Chemicals Public Company Limited (GGC) were selected, where
GGC received H-FAME technology transfer from Idemitsu Kosan Company
Limited with customized catalyst and BBF applied commercially available
catalyst for comparison.

BBF upgrading process is downflow with commercially available catalyst
(NiMo/Al,03) with production capacity of 0.5 ton/day under feed biodiesel flow
rate of 21 kg/hr and hydrogen flow rate of 0.5 kg/hr at temperature of 160 °C
and pressure of 5 bar using 15 kg of catalyst. The upgraded biodiesel showed
much lower MG than 0.4wt% but too high acid value; hence, the upgraded
biodiesel needs to be blended with feed biodiesel at 50:50 in order to achieve
MG < 0.4wt% and in-spec acid value. When actual upgrading costs from this
production scale were forecast to production capacity of 100,000 ton/year with
catalyst lifetime of 1 year, 75% plant operation, 5% interest rate and 15 years
of equipment depreciation production, the upgrading cost was 1.144 THB/liter.

GGC upgrading process is upflow with customized catalyst
(Pd/ALO3) with production capacity of 1 ton/day under feed biodiesel flow rate
of 42 kg/hr and hydrogen flow rate of 0.033 kg/hr at temperature of 85 °C and
pressure of 5 bar using 10.97 kg of catalyst. The upgraded biodiesel, after
crystallization process, showed MG < 0.4wt% with other parameters on-spec.
When actual upgrading costs from this production scale were forecast to

production capacity of 100,000 ton/year with catalyst lifetime of 5 months,
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75% plant operation, 5% interest rate and 15 years of equipment depreciation

production, the upgrading cost was 1.393 THB/liter.

2. Testing of upgraded biodiesel, which could be categorized into 3 parts as follows

2.1.

2.2.

Material compatibility test on engine parts, where selected engine parts, of
metal, rubber and plastic, were chosen from those in contact with fuel, and
two most popular brand pick-up truck. These parts were subjected to
immersion test using B10 from high quality biodiesel with MG < 0.4 wt% and

commercial B7 for reference, according to SAE J1747 (metal) at temperature of
4512 °C for 12 weeks and SAE J1748/ASTM D417 (rubber/plastic) at
temperature of 5512 °C for 1,006 hours (rubber) and 2,000 hours (plastic).

Measurements on volume, weight, mechanical strength of samples before after

immersion into 2 fuel types showed no significant difference.

Engine compatibility and wear assessment during on-road test for 100,000

kilometers, where two most popular pick-up truck brands were chosen (each

at 34-35% market share of pick-up truck registration). For each brand, most

popular model was selected for 4 vehicles to test the following fuels

1. Diesel with 7% conventional biodiesel (B7/FAME)

2. Diesel with 10% conventional biodiesel (B10/FAME)

3. Diesel with 10% upgraded biodiesel having MG < 0.4wt% (B10/FAME_MGO0.4)
and

4. Diesel with 10% upgraded biodiesel from H-FAME having MG < 0.4wt%
(B10/H-FAME_MGO0.4)

on the following 3 routes

1. From MTEC to PTT gas station (Pongjit) on hishway number 24 and back

2. From MTEC to Nakhon Sawan province on Asia hishway and back

3. From MTEC to Bangkok with traffic congestion

where all 8 tested pick-up trucks were subjected to regular maintenance check-

up at service center for every 10,000 kilometers to assess any abnormality and

engine wear from metal content (e.g. iron, chromium, lead, copper, tin,

aluminum, nickel, silver and titanium), contamination amount (e.g. water

content, soot, fuel and silicon) and lube oil properties (e.g. viscosity, basicity,

oxidation and nitration). At every 20,000 kilometers, all 8 tested pick-up trucks
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2.3.

were subjected to chassis dynamometer to assess performance, acceleration
(e.g. time for 0-100, 60-80, 80-100, 100-120, 120-140 km/hr and 0-400 meters),
fuel consumption (both from chassis dynamometer and refueling log book) and
emission at 0 and 100,000 kilometers. In addition, all 8 tested pick-up trucks
were subjected to cold start evaluation at Doi Inthanon Mountain Peak during
6-16 January 2019 (about 80,000 kilometers tested distance). When all 8 tested
pick-up trucks finished 100,000 kilometers, all engines were disseminated to
assess wear on the parts, such as piston, piston rod, piston ring, valve seat,
intake air valve, exhaust air valve, cylinder block, cylinder, crankshaft, injector,
fuel tank gauge, fuel tank, coarse filter, fuel filter, lube oil tank and lube oil
filter, via visual inspection among car makers’ technicians with reference to
parts from vehicle tested with B7/FAME.

Tested results showed that fuel consumption with B10 was slightly

worse than B7 (from chassis dynamometer result since too many uncontrolled
factors for on-road test results’ comparison); whereas, similar power (14%) and

acceleration (F5%) for all 4 tested fuels. However, there were no significant

differences for performance, emission and lube oil results, as well as visual

inspection on all disseminated engine parts. Furthermore, cold start test

showed no problem if winter-grade base diesel is used.

Demonstration of B10 usage in transportation sector in order to widespread

confidence of using B10 with various types of cars of various conditions under

various usages. A total of 158 vehicles of 1-19 years with starting odometer

reading of 11,988-826,758 kilometers from 4 participating organizations with

accumulative B10 usage of 101,039 liters from

1. Kasetsart University: 34,000 liters

2. Rajamangala University of Technology Thanyaburi: 1,000 liters

3. Thonburi Dockyard, Royal Thai Navy Dockyard: 21,000 liters and

4. National Science and Technology Development Agency (NSTDA): 45,039
liters

where no problems have been reported on the effect of B10 usage on engine

with significant difference.
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This project output has directly contributed to revised upgraded biodiesel standard
with monoglyceride below 0.4wt% for bending as B10 with revised water content of below
200ppm, which was commercially available since Department of Energy Business issued

standards on 15 May 2019, as well as car makers’ acceptance on biodiesel B10 and B20 for

many vehicle models.
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