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1. INTRODUCTION
1.1 Aim and Target of the Handbook

Recently, crude oil prices have increased significantly, and on July 11, 2008 the
price reached $147.27 per barrel, the highest value the world had ever seen.
Speculation and increased consumption of crude oil by China and India are considered
to be the causes; however it seems that a chronic high price condition will continue
from this point.

Demand for oil can be indicated by total vehicle numbers. Figure 1 shows an
estimate of vehicle numbers in Asia by the Japan Institute of Energy Economics. In
Japan the number of vehicles is expected to increase from about 70 million in 2000 to
about 80 million in 2020. A more remarkable increase is expected for other Asian
countries, particularly China and India. It can be seen that the number of vehicles in the
Asian region reached 150 million in 2000, but will increase by another 200 million in
the following 20 years to reach a total of 350 million in 2020. That is, it is estimated that
the required volume of automotive fuel will also necessarily double. Moreover, the 2008
edition of the “World Energy Prospective” published on November 12, 2008 by the IEA
(International Energy Agency) states that the current sharp decline in crude oil prices is
a temporal phenomena, stating clearly that in the middle-to-long term there is a high
possibility of a price increase. It predicts that prices will break through $200 per barrel
by 2030. It is a warning that the end of a so-called cheap crude oil era is approaching.
Conversely, from a CO, control viewpoint, it can be expected that an era will come
when biomass fuels have to be used.
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Figure 1 Estimate of vehicle numbers in Asia



Figure 2 shows a diagram of how we obtain fuels from various resources. Crude
oil and natural gas are energy paths that are quite heavily traveled. Production of fuel
from biomass to ethanol and Biodiesel fuel (Fatty Acid Methyl Ester, indicated “FAME”
in the figure) has come into play more recently. Coal and oil sands have been coming
onto the market as crude oil prices rise. However, an interesting energy pathway also
exists which results in production of methanol, DME, and Gas to liquid (GTL) via
synthesized gas. This gas can be derived from natural gas, coal, oil sand, and/or biomass.
Since it can be produced from a variety of ingredients, it is drawing attention as a
seamless fuel that can gradually increase usage of biomass fuels, while utilizing existing

fossil fuels.

Gasoline

[
[Diesel Fuel
[

Several % LP Gas

SN, U, W, —

[Natural Gas

[Hydrogen ]- )
Electric

0il Sand Methanol

Synthetic Gas
CO/H,

(T Synthetic)

drogen Additio [ GTL,CTL,BTL ]

sterificatio

[ Ethanol |

etc.

Dimethyl Ether(DME) J

Figure 2 Resources and fuels

The Kyoto Protocol emphasized the concept of “carbon neutral” — that vehicle
emissions of carbon dioxide (CO;) are offset by using biofuels produced from plant
materials absorbing CO,. The use of biofuels contributes to the prevention of global
warming.

Asian countries are actively promoting the introduction of biofuels due to
soaring oil prices and increased energy consumption. The utilization of biofuels is also
important from the viewpoint of energy security and alternative fuels. Especially,
Southeast Asian countries are actively promoted to introduce biodiesel fuel as Fatty
Acid Methyl Ester (FAME) because these countries have a lot of feedstocks for
biodiesel fuel such as palm, coconuts, Jatropha and so on.

However, the low-quality biodiesel fuel raises serious concerns regarding the



effect on engine performance caused by fuel impurities and the oxidation. Therefore,
quality control/management of biodiesel fuel in the actual market is very important. On
achieving this objective, it is expected production of high-quality biodiesel fuel, its
smooth distribution, and stabilization of economic infrastructure.

In 2007, A Working Group (WG) on “Benchmarking of Biodiesel Fuel
Standardization in East Asia” was established in Economic Research Institute for
ASEAN and East Asia (ERIA). The WG started to discuss how to control the biodiesel
fuel quality in the actual market. Starting 2007, the WG established EAS-ERIA
Biodiesel Fuel Standard: 2008 for B100 fatty acid methyl ether (FAME) aimed for low
level blending with diesel fuel. the next two year, 2008 and 2009, discussions were held
on last year’s adjustments, potentials of inedible feedstocks, quality
control/management method of biodiesl fuel in the market.

In this handbook, the three yeas discussions, the results and the findings are
summarized as well. For those listed above achievements were consistently aimed at the
“secure use” of the first generation of biodiesel fuel (FAME). Further, the authors would
like to consider a wide view point that especially takes into consideration the biomass

fuel situation to obtain the optimum energy pathway in each country.

1.2 Introduction of ERIA and Energy Studies

ERIA is an international organization based on the agreement of national leaders
of 16 East Asia Summit (EAS) member countries. ERIA was established on June 3,
2008, and its status as an International Organization was accorded by the Exchange of
Notes between ASEAN Secretariat and the Government of Indonesia December 30,
2008.

ERIA’s role is to do research and provide practical policy recommendations to
leaders and ministers in ASEAN, EAS and so forth, in strong partnership with the
ASEAN Secretariat and existing research institutes. It is expected intellectually to
contribute to the regional efforts for ASEAN Community building and East Asian
Economic Integration in wide-ranging policy areas from trade/investment to SMEs,
human resource development, infrastructure, energy and environmental issues, etc.
Capacity Building aimed at strengthening policy research capacities especially in the
less developed countries is another important activity of ERIA.

As shown in Figure 3, ERIA is currently conducting research centering around
three pillars of “Deepening Economic Integration”, “Narrowing Development Gaps”
and “Sustainable Development”. The Joint Press Statement of the East Asia Summit on

the Global Economic and Financial Crisis issued on June 3", 2009 stated that “ they



(EAS leaders) encouraged the Economic Research Institute for ASEAN and East Asia
( ERIA ), ADB and ASEAN Secretariat to work together to prepare as soon as possible a
coherent master plan, which is named as “Comprehensive Asian Development Plan” by
ERIA. In addition, they called upon ERIA to provide policy recommendation to
stimulate economic growth in the region, deepen regional integration and strengthen
partnership in East Asia.

Responding to the request of three points above from EAS leaders to stimulate
economic growth in the region, ERIA is embarking on research activities toward a
building the East Asian community.
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Strengthen Partnership

ERIA’s energy projects are the key component of the “Sustainable
Development” pillar. Three projects, Energy Saving, Biodiesel Standardization and
Biomass Energy Sustainability, have been running for three years and have got high
appreciations from EAS energy and economics ministers.

ERIA’s energy research projects are servicing the energy policy-makers very
well. Currently, ERIA’s energy research projects cover all the three work streams under
East Asia Summit Energy Cooperation Taskforce (EAS ECTF), namely, energy
efficiency and conservation (EE&C), energy market integration, and bio-fuels for
transport and other purposes.

For the EE&C work stream: ERIA’s ongoing study, “Analysis on Energy Saving
Potentials in East Asia”, has estimated energy saving potentials (30%) and related CO,
reduction (18%) by 2030. Currently, the study focuses on revision of the estimation with

new information and helps some countries quantifying their energy action plans and



nuclear energy development plans.

For the Energy Market Integration work stream, in 2009, ERIA started to work
for this work stream. The two chair governments (Singapore and Australia) have agreed
on the Terms of Reference and requested ERIA to estimate the economic impacts of
EMI in 2010.

For the bio-fuels work stream, ERIA has been running two projects since 2007.
The Study on Biomass Sustainability has produced “Asian Biomass Principles” and
methodology for assessing sustainability of biomass energy development in the EAS
region. Study on Biodiesel Standardization has produced “EAS-ERIA BDF Standard in
20087, and the work has evolved to “Biodiesel Fuel Trade Handbook”, which will be

presented hereafter.



2. ENERGY SITUATION IN THE WORLD

2.1 Introduction

With the present situation of increasing energy demand, rising energy prices, and
reinforcement of countermeasures for global warming, renewable energy sources have
taken the spotlight. Bio-fuels are one form of renewable energy that has become more
widespread. Also, bio-fuels have been introduced and expanded as alternative fuel for
the transportation sector and as a form of liquid renewable energy that can be blended
with petroleum. However, since the source material of bio-fuels is sometimes the same
as for food, an increase in grocery prices has drawn attention to the next generation of
bio-fuels being non-food sourced. This report will discuss the demand perspective
derived from the IEA (International Energy Agency) world energy forecast, basic

energy price trends, and bio-fuel trends.

2.2 Increase of Energy Demand
2.2.1 Perspective of World Energy Supply and Demand

According to the IEA World Energy Outlook, the world’s primary energy supply
has increased by 58% in 25 years, from about 7.2 billion TOE (tonne of oil equivalent)
in 1980 to about 11.4 billion TOE in 2005, as shown in Table 1. The OECD
(Organization for Economic Cooperation and Development) countries used to be the
center of energy demand. However, these OECD countries are lower both in economic
and population growth rates than those of non-OECD countries. Further, the OECD
countries’ economic industrial structure has changed, therefore the increase in demand
stays low. In 2005 the non-OECD countries took the lead in demand, accounting for
51% of consumption in 2006. In the future it is expected that energy demand will
increase based on economic growth of emerging market countries like China, India, and
the Middle East. It is estimated to increase by 48% over 25 years from about 11.43
billion TOE in 2005 to about 17.0 billion TOE in 2030. The share of petroleum demand

Table 1 Perspective of World Energy Demand

Items Energy Demand (M;,.)

1980 ‘ 2000 2005 2015 2030
Total primary energy demand 7,223 10,034 11,429 14,121 17,014
Petroleum Oil 3,107 3,649 4,000 4,525 5,109
Transport 1,245 1,936 2,011 2,637 3,171
Petroleum 1,187 1,844 1,895 2,450 2,915
Biofuels 2 10 19 74 118
Other fuels 57 82 96 113 137

(Source: TEA World Energy Outlook 2007, 2008)



in the world’s primary energy supply will decrease from 34% to 30%, however in the
absolute quantity is estimated to increase by 27.7%, from 4.0 billion TOE in 2005 to
about 51 TOE in 2030.

On the other hand, it is expected that exploratory development investment of
petroleum and natural gas will be more important for the future energy supply. The
world average depletion rate of oil fields following production peak is 6.7 % annually at
this point, and it is assumed that the depletion rate of oil fields will accelerate to 8.6%
by 2030. In order to continue petroleum production to meet increasing demand in an
environment of post-peak oil field production (decreasing yields), it is necessary to
obtain additional petroleum by developing new oil fields. In terms of additional
worldwide new production capacity, the IEA predicts that from 2007 to 2030 an
additional capacity of 64 million bbl/day will be needed. This is equivalent to about six
times the current production of Saudi Arabia, the biggest crude oil producing country in
the world. A sufficient amount of oil deposits in the world is predicted to exist even
after 2030. In order to obtain a rate of oil and gas resource development corresponding
to the increase in demand, however, large-scale investment is essential. However, oil
reserves are distributed unevenly throughout the world. That is, the OPEC countries
account for 75.7% of confirmed oil reserves in the world, while 82% is contained within
the OPEC countries and Russia [1]. Natural gas is similar. Three countries, namely
Russia, Iran and Qatar hold 55% of the worlds confirmed reserves [2]. At a company
level, national oil companies hold 76% of reserves, while the Russian oil companies
hold 17% of the reserves. An area of improvement is in major International Oil
Companies (IOC), which have access to advanced technology and funds but the amount
of accessible reserves they hold is only 7%. In summary, the development of oil and
natural gas at a rate to meet the future worldwide demand requires exploratory
development investment, especially in a few key resource-rich countries [3]. In the IEA
World Energy Outlook, it is predicted that the OPEC countries supply the majority of
world petroleum increase in the future, and the OPEC share will increase from 44% in
2007 to 51% in 2030.

On the other hand, the worldwide amount of primary reserves in
non-conventional petroleum sources like oil sand and oil shale is estimated to be about
2 trillion barrels, which is very abundant but immediately available. For example, 80%
of the approximately 170.0 billion barrels of oil sand minable in Canada, must be
obtained from several tens of meters deeper oil sands using vapor methods. Water and
natural gas resources are utilized in vapor extraction. Development of these

non-conventional petroleum reserves has environmental consequences, such as



recycling of water resources, and overall CO; increase.

2.2.2 Transportation Sector

Energy demand in the transportation sector is estimated to increase 57% from
about 2.0 billion TOE in 2005 to about 3.2 billion TOE in 2030. The ratio of petroleum
in the transportation sector is estimated to consistently account for more than 90% in
2005 to 92% in 2030. The reason petroleum accounts for a large fraction of energy
supply for the transportation sector is that petroleum alternatives are difficult. Petroleum
fuels for airplanes, ships and automobiles have several key merits. They have a high
energy density, which makes a sufficient cruising distance possible, and liquid fuels are
relatively easy to handle. However, more important than that, it is not realistic to change
our energy infrastructure like gas stations, storage tanks, engines, or emission
characteristics, at any given point in time. Because of this, the current energy
infrastructure makes it extremely important that any new alternative petroleum fuel is
compatibility with the corresponding conventional petroleum fuel. Liquid alternative
fuels that can be blended with petroleum fuels (like bio-fuel) are advantageous in terms

of transportation fuel supply resource diversification.

2.3 Trend of International Energy Prices

Figure 4 shows the variation in crude oil prices. In the two oil crises during the
1970’s and the gulf crisis of 1990, a disruption of crude oil supply was triggered by the
4™ Middle East War, the Iran Revolution, and the Kuwait invasion. As a result, prices
increased about 2-4 times. After that, crude oil prices in the 1990’s didn’t exceed
$30/bbl. The WTI crude oil price (an international price index) was stable at around
$20/bbl. However, after it went down to $10/bbl in December, 1998, the price started to
go up around the Iraq crisis in 2003. Then the price increased as high as $147/bbl in July,
2008. After that the price decreased significantly. Although the price broke $34/bbl in
December, 2008, it varied in a range of $40 to $60/bbl until April, 2009, showing a

stable price trend.
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Figure 4. NYMEX WTI Variation in Crude Oil Price (US dollar/bbl)

In terms of the hike in crude oil price in the 2000’s, the price did not increase
rapidly in a short period, as with a physical crude oil supply disruption in past oil crises,
but the price increased more gradually. The price hike this time involved various
factors: (1) An increase in consumption by the newly wealthy in developing countries,
(2) Geopolitical risk and a decrease in stockpiles due to “resource nationalism” in
supply countries, (3) The influences of speculative investors, (4) Inflation and
influences of dollar depreciation and quotation in dollars, and so forth.

Figure 5(a) shows the variation of natural gas price while Figure 5(b) shows the
trends in coal prices. It is expected that the demand for natural gas and coal will
increase more than oil in the future. These prices are different from oil prices. Currently,
there is no world index, but these prices are increasing in the 2000’s similar to oil prices.
There are some indirect influences of the oil price due to certain factors. For the price of
natural gas, decisions are similar to crude oil buyers’ prices in Japan, to heavy oil prices
in Europe, and to fuel conversion users like power plants in the US. There is no direct
influence of oil price on coal prices. However, there are secondary influences, such as
the fuel demand increase for power plants, and higher iron and steel production, and a
delay of export infrastructure maintenance due to this demand increase. Regarding coal
demand, an increase is expected in China, India and the Middle East owing to their
strong economic growth, while for natural gas a steady demand increase is expected in

these three countries and regions, along with South America and Africa.
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After the summer of 2008 the world business situation declined, and crude oil
prices decreased remarkably. In order to achieve the necessary petroleum development
investments for the future mid-to-long range growth of oil demand, it has been said that
prices like we had in the 1990°s will not return. From the standpoint of attaining a stable
energy supply and diversification supply sources, the importance of alternative fuels is
expected to increase.

10



2.4 Global Environmental Problems

Discussions on environmental problems in energy policy, particularly global
warming issues, have been given much attention these days. Scientific temperature
observations, begun in the 19th century, have shown that the pace of temperature
increase in the latter half of the 20™ century has been faster. Currently, the amount of
fossil fuel origin carbon dioxide discharge has been increasing, with the corresponding
increase in energy demand. Due to this increase, it has been strongly claimed that the
artificial greenhouse effect is the main cause. For these global warming problems, the
United Nations Framework Convention on Climate Change was issued in 1994, and
Kyoto Protocol was issued in February of 2005. The protocol called for efforts to reduce
the amount of greenhouse type gas emissions from in advanced countries from 2008 to
2012, ultimately aiming for 1990 levels. For biomass and bio-fuels, CO, is absorbed
during the growth process of the plants and then the same amount is ideally generated
when the fuel is burned. This is considered carbon-neutral when we consider CO,
exhaust emissions. Thus the importance of biomass and bio-fuels is evident because
they not only increase diversification of energy supply sources but also aid in CO,
reduction.

In addition, the “IPCC Fourth Assessment Report: Climate Change 2007
(Intergovernmental Panel on Climate Change, IPCC) presented by a climate change
bureau of the United Nations in 2007, gives a different predicted result. This group
predicts a 1.1 to 6.4 °C higher average temperature at the end of this century. This
would mean it is necessary to make more efforts to reduce CO; emissions. It is an
important task among engineers to control the amount of CO; emissions through
significant improvements in energy efficiency, and introducing renewable energy
sources. After the COP 15 negotiations in Copenhagen in December of 2009, one of the
outcome was that “The Copenhagen Accord recognizes the scientific view that an
increase in global temperature below 2 degrees is required to stave off the worst effects
of climate change.” At this point the effort appears to be focused on CO; reduction in
society. Considering renewable energy forms like bio-fuels, their introduction has been

promoted as a core program towards a low carbon social structure.

2.5 Bio-fuels
2.5.1 Introduction and Expansion of Bio-fuels

The history of bio-fuels is fairly old, since they were already investigated as
automotive fuels in the latter half of the 19" century. Much later, during the first oil

11



crisis of 1973 bio-fuels were again brought to the limelight. In the US, favorable tax
treatment was given to ethanol blended with gasoline, called “gasohol”. In Brazil, at the
time of the first oil crisis a national alcohol plan (PROALCOOL) was initiated in 1975.
This program aimed to increase Brazil’s energy independence, and started with ethanol
gasoline blending. Recently, these two countries account for about 90% of the world’s
ethanol production, and Brazil attracts attention as an ethanol exporter. Finally,
European countries have also embarked on a CO; reduction effort by introduction of
bio-diesel fuel, and widespread increase in support for diesel powered passenger cars.
Bio-fuel utilization in Europe and the US has expanded after 1990 with a goal to
improve automobile exhaust emission performance, to reduce CO, emissions, and to
introduce a renewable energy source to offset the finite petroleum resource. Moreover,
introduction of domestic sourced bio-fuels is an important outlet for excess supplies of
corn and sugar. One should also not ignore the effect of agricultural product promotion
on support prices of these agricultural products. However, as the oil price has increased
in the past 5 years, the number of countries to introduce bio-fuels and the total
production of bio-fuels have both accelerated, as a result competition problems with

food gradually comes to the forefront.

2.5.2 Direction of Future Bio-Fuels

The bio-fuel introduction process has so far been forced to use various support
measures like tax breaks and tax exemptions, but this has led to expanding levels of
bio-fuel usage worldwide. If we assume a continued expansion in production, the price
of grains like corn and wheat (which are sources of bio-fuel) has also increased
significantly from the latter half of 2007 to the first half of 2008, as shown in Figure 6.
Considering the increase in food prices, there are other factors to consider in addition to
introduction and expansion of bio-fuel, namely: (1) An increase in grain consumption
since developing countries like China and India have become wealthy, (2) A supply
limit and a decrease of world storage of wheat due to unfavorable weather in Australia,
(3) Influence of speculators, (4) Inflation effects on the US dollar and quotation in US
dollars.

However, since the total amount of bio-fuels originating from grains like corn
and wheat has expanded, criticism of ‘food vs fuel’ usage has grown rapidly shrill,
claiming that the cause of food price increases is the bio-fuel policy, even though

bio-fuel is not the only factor for the increase.
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Figure 6 Variation in Grain Prices

Along with the increased criticism of the competition of food and bio-fuel
source material, concerns about their actual ability to reduce a green house gas levels,
and problems of deforestation to produce source material, and biological diversity, have
been raised in Europe. Discussions on the long-term sustainability of bio-fuels have
become more widespread. As a result, a new introduction support plan has been
investigated considering the CO, reduction effect of various bio-fuel source materials
and production methods. However, discussions are continuing on the LCA (life cycle
assessment) limitations of various bio-fuels. Developing a standard for the sustainability
of bio-fuels in certain parts of countries has a possibility to become a hindering factor
for world free trade. Therefore, in addition to harmonization of bio-fuel quality
specifications, a harmonization of sustainability standards also becomes necessary.

In this situation, expectations are rising for the second-generation bio-fuels that
do not compete with food. In Europe and the US, from the middle of the 2010’s, a
mandatory quantity of second generation bio-fuels like cellulosic ethanol and BTL
(biomass to liquid) will be increased. Commercial introduction of the second-generation
biofuels in 2010s is one of the major goals of introducing biofuels especially in
developed countries. On the other hand, steady increase with the first generation
biofuels is also planned in many countries. As the decline in raw feedstock such as
vegetable oil, further introduction of biofuels including mandatory blending is
progressing steadily in many Asian countries as a measure to promote and maintain
agricultural employment and mitigation of the oil import growth and so forth. With the

introduction of cellulosic ethanol, the volume of potential resources will not only
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increase but the actual greenhouse gas reduction affect will increase significantly as
well. Thus cost reduction research for commercial production has been proceeding.

Other than energy crops for second-generation bio-fuels, other sources like
micro-algae have been in the spotlight. These organisms do not require cultivated land,
and can thrive on land containing high levels of salt, while still yield a large amount per
unit area. This can be considered as a third generation bio-fuel ingredient. For
algae-sourced bio-fuels, containing about 40% lipids overall, research on biodiesel
production has been performed. However, large-scale production, cost reduction, and
commercialization need to be advanced to reach current status of second-generation
bio-fuels.

A cost analysis has been conducted (shown in Figure 7) on the major second
generation bio-fuel sources in the IEA “Energy Technology Perspective 2008,” using
market-based source material prices, commercialization of plant scales, and a cost
reduction trend with increased levels of total production. In an optimistic case, both
cellulosic ethanol and BTL will rapidly decrease after 2010, and will reach a final cost
around 2030, while in a pessimistic case the cost reduction will be slower, and the final
cost will be about 0.15 dollar/L higher, compared to the optimistic case. However, the
report describes a scenario that has a lower carbon dioxide exhaust emission levels in
2050, actual introduction of the third generation bio-fuel is assumed, and then an

important role is expected towards a future low-carbon world, as shown in Figure 8.

B 1.10 BiL diesel
T 1.00 o pessimistic
2 B LC ethanol
$ 0.90 — pessimistic
< 0.80 B BiL diesel
a optimistic
g 0.70 B LC ethanol
= Gimisti
E 0.60 optimistic
w
5 0.50 4

0.40 T

T T T T T T
2010 2015 2020 2025 2030 2035 2040 2045 2050

Note: BiL = Biomass-to-liquids; LC= ligno-cellulose.

(Source data: IEA “Energy Technology Perspective 2008)

Figure 7 Expected Cost of Second Generation Bio-fuels
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Figure 8. Amount of Bio-fuel Introduction in BLUE Scenario
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3. BIODIESEL FUEL STANDARDIZATION ACTIVITIES

3.1 EAS-ERIA Biodiesel Fuel Standard: 2008
3.1.1 Background

The Kyoto Protocol emphasized the concept of “carbon neutral” Biofuels can
have climate change benefits as they are produced from renewable sources. Asian
countries are actively promoting the introduction of biofuels due to soaring oil prices
and increased energy consumption. The utilization of biofuels is also important from the
viewpoint of energy security and diversification of transport fuels. However, the
low-quality biodiesel fuel raises serious concerns regarding the effect on engine
performance caused by fuel impurities and the oxidation. Therefore, biodiesel fuel
standards have been established in many countries with national standards and
characterization methodologies, as shown in Table 2 and Table 3, respectively.
Harmonization of standards within the East Asia region will facilitate the use and
trading of good quality biodiesel.

At the 2™ East Asia Summit (EAS) held in January, 2007, the Cebu Declaration
on East Asian Energy Security was signed. At the Energy Cooperation Task Force
(ECTF) working-level meeting of persons in charge of energy policies of the EAS
participating countries, it was decided that issues toward unified specification/
standardization of biodiesel would be examined. In view of this, a study group of these
issues was established within the specialist meeting of the Economic Research Institute
for ASEAN and East Asia (ERIA) held in May, 2007.

As part of this ERIA “Standardization of Biodiesel Fuel in East Asia” study
group, a working group was established with specialist of East Asian countries as
members for the commercialization of good quality biodiesel fuel in the East Asian
region, and a benchmark was set on the quality of diesel fuel-mixed biodiesel fuel with

harmonized specification as a goal.
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Table 2 Comparison of existing biodiesel fuel standards

ltems Units U.S. EU Australia Japan Rep. of Korea Thailand Vietnam
ASTM D6751-07b| EN14214:2003 JIS K2390:2008| PPAFB Act DOEB: 2009 |TCVN 7717:2007

Ester content mass% - 96.5 min. 96.5 min. 96.5 min. 96.5 min. 96.5 96.5 min.
Density kg/m3 - 860-900 860-900 860-900 860-900 860-900 860-900
Viscosity mm2/s 1.9-6.0 3.50-5.00 3.5-5.0 3.50-5.00 1.9-5.0 3.5-5.0 1.90-6.00
Flashpoint deg. C 93 min. 120 min. 120.0 min. 120 min. 120 min. 120 min 130 min.
Sulfur content mass% 0.0015 max. 0.0010 max. 0.0010 max. 0.0010 max. 0.0010 max. 0.0010 max 0.05 max.
Distillation, T90 deg.C 360 max. - 360 max. - - - 360 max.
Carbon residue (100%) or mass% 0.05 max. - - - - - 0.050 max.
Carbon residue (10%) - 0.30 max. 0.30 max. 0.3 max. 0.10 max. 0.30 max. -
Cetane number 47 min. 51.0 min. 51.0 min. 51.0 min. - 51.0 min 47.0 min.
Sulfated ash mass% 0.02 max. 0.02 max. 0.02 max. 0.02 max. 0.01 max. 0.02 max 0.020 max.
Water content mg/kg | 0.05[vol%] max. 500 max. 0.050 [vol%] max.(1) 500 max. 500 max.  [0.05[Wt%] max| 0.05[vol%] max.
Total contamination mg/kg - 24 max. 24 max. 24 max. 24 max. 24 max. -
Copper corrosion No.3 Class-1 Class-1 Class-1 Class-1 Class-1 No.1
Acid value mgKOH/g 0.50 max. 0.50 max. 0.80 max. 0.50 max. 0.50 max. 0.50 max. 0.50 max.
Oxidation stability hrs. 3 min. 6.0 min. 6 min. (**) 6.0 min. 10.0 min. 6.0 min.
lodine value - 120 max. - 120 max. - 120 max. 120 max.
Methyl Linolenate mass% - 12.0 max. - 12.0 max. - 12.0 max. -
Polyunsaturated FAME o
(more than 4 double bonds) mass% B 1 max. B N.D. B B B
Methanol content mass% 0.2 max. (*) 0.20 max. 0.20 max. 0.20 max. 0.20 max. 0.20 max. -
Monoglyceride content mass% - 0.80 max. - 0.80 max. 0.80 max. 0.80 max. -
|Diglyceride content mass% - 0.20 max. - 0.20 max. 0.20 max. 0.20 max. -
| Triglyceride content mass% - 0.20 max. - 0.20 max. 0.20 max. 0.20 max. -
Free glycerol content mass% 0.020 max. 0.02 max. 0.020 max. 0.02 max. 0.02 max. 0.02 max. 0.020 max.
Total glycerol content mass% 0.240 max. 0.25 max. 0.250 max. 0.25 max. 0.24 max. 0.25 max. 0.240 max.
Na+K mg/kg 5 max. 5.0 max. 5 max. 5.0 max. 5.0 max. 5.0 max. 5.0 max.
Ca+Mg mg/kg 5 max. 5.0 max. 5 max. 5.0 max. 5.0 max. 5.0 max. -
Phosphorous content mg/kg 10 max. 10.0 max. 10 max. 10.0 max. 10.0 max. 10.0 max. 10.0 max.

(*) 130 deg.C of flashpoint is available instead of measuring methanol content
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Item

Ester content

Density

Kinematic Viscosity
Flash point

Cloud point

Sulfur content

10% carbon residue

Cetane number

Distillation T90
Sulfated ash content

Water content

Total contamination
Copper corrosion

Oxidation stability

Acid value

Todine value
Methyl linolenate

Methanol content
Monoglyceride content
Diglyceride content
Triglyceride content
Free glycerol content

Total glycerol content

Alkyl ester content
Metals (Na+K)

Metals (Ca+Mg)
Phosporous

Pour point
CFPP
Halphen test
Additives

Japan
JIS K2390:2008
EN 14103

JIS K2249

JIS K2283
JIS K2265
JIS K2541-1,
-2,-6 or -7
JIS K2270
JIS K2280

JIS K 2272
JIS K 2275

EN 12662
JIS K 2513

JIS K 2501
or JIS K 0070

JIS K 0070
EN 14103

EN 14110
EN 14105

EN 14105
or EN 14106

EN 14105

EN 14108
EN 14109
EN 14538
EN 14107

Table 3 Comparison of existing methods for biodiesel fuel characterization

Australia
EN 14103

ASTM D1298 or
ENISO 3675

ASTM D445
ASTM D93

ASTM D5453

EN ISO 10370
ASTM D4530
EN ISO5165
ASTM D613
ASTM D6890
1P 498/03
ASTM D1160

ASTM D874
ASTM D2709

EN 12662
ASTM D5452
EN IS02160
ASTM D130
EN 14112 or
ASTM D2274
(as  relevant
biodiesel)
ASTM D664

EN 14110

ASTM D6584

ASTM D6584

EN 14108
EN 14109
EN 14538
ASTM D4951

Indonesia
SNI-04-7182-2006

ASTM D1298

ASTM D445
ASTM D93

ASTM D2500
ASTM D5453

ASTM D4530
ASTM D613

ASTM D1160

ASTM D874
ASTM D2709

ASTM D130

AOCS Cd3-63

AOCS Cd1-25

AOCS Cal4-56

AOCS Cal4-56

Cakculated

AOCS Cal2-55

AOCS Cb1-25

Malaysia
MS 2007:2007
EN 14103

IS0 3675
1SO 12185
ASTM D4052
1SO 3104
MS 1831
IS0 3679
MS 1831

IS0 20846
ISO 20884
ASTM D5453
1SO 10370
ASTM D4530
1SO 5165
MS 1895

IS0 3987
ASTM D874
IS0 12937
ASTM E203
ASTM D1160
EN 12662
ASTM D5452
IS0 2160
MS 787

EN 14112

EN 14104
MS 2011

EN 14111
EN 14103

EN 14110
EN 14105
ASTM D6584

EN 14105
EN 14106
ASTM D6584

EN 14108
EN 14109
EN 14538
EN 14107
ASTM D4951

EN 116

Test methods
New Zealand
NZS 7500 (2005)
EN 14103

ASTM D1298

ASTM D445
ASTM D93
IP 497 or
ASTM D5453
ASTM D4530
ISO 10370

ASTM D613
ASTM D6890

ASTM D874
1P 438

1P440
ASTM D130
EN 14112
ASTM D664
EN 14111
EN 14103
EN 14110

ASTM D6584

ASTM D6584

ASTM D6584

EN 14108
EN 14109
EN 14538
ASTM D4951
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Philippines
PNS/DOE QS 002:2007
PNS EN 14103 modified

PNS ASTM D1298 or
PNS ASTM D4052 or
PNS ISO 3675

PNS ASTM D445

PNS ASTM D93

PNS ASTM D2500
PNS ASTM D2622/
PNS ASTM D5453/
PNS ASTM D4294
PNS ASTM D4530 or
PNS ISO 10370

PNS ASTM D613 or
PNS ASTM D6890 or
PNS ISO 5165 or
PNS IP 498/03

PNS ASTM D1160 or
PNS ASTM D86

PNS ASTM D874

PNS ASTM D6304 or
PNS ISO 12937 or
PNS ASTM E203

PNS ASTM D130 or
PNS ISO 2160
PNS EN 14112

PNS ASTM D664/
PNS ASTM D974/
PNS EN 14104

PNS EN 14331 modified or
PNS EN 14103 modified
PNS EN 14110

PNS EN 14105 modified or
PNS ASTM D6584

PNS AOCS Ea 6-94 (1997)/
PNS ASTM D 6584 modified
or

PNS EN 14105 modified
PNS AOCS Ca 14-56 (1997)/
PNS ASTM D 6584 modified

or
PNS EN 14105 modified

PNS EN 14108
PNS EN 14109
PNS EN 14538
PNS ASTM D4951

South Korea
PPAFB Act
EN 14103 (KS
3675 (KS

IS0 12185
ISO 3104 (KS M
2014

1SO 3679 (KS
M2010)

I1SO 20846, ISO
20884

(KS M2027)

KS M ISO 10370

KS M ISO 6245
(KS M2115)

ISO 2160 (KS M
2018)
EN 14112

KS M ISO 6618

EN 14110

EN 14105 (KS
M2412)

EN 14108
EN 14109
EN 14538
EN 14107

KS M2411

Thailand
DOEB-2007
EN 14103

ASTM D1298

ASTM D445
ASTM D93

ASTM D2622

ASTM D4530
ASTM D613

ASTM D874
ENISO12937

EN 12662
ASTM D130
EN 14112

ASTM D664
EN 14111
EN 14103
EN 14110
EN 14105

EN 14105

EN 14105

EN 14108
EN 14109
EN 14538
ASTM D4951

Vietnam

TCVN 7717
TCVN (EN 14103)
ASTM D1298

ASTM D445
ASTM D93

ASTM D5453
ASTM D4530

ASTM D613

ASTM D1160
ASTM D874
ASTM D2709

ASTM D130
EN 14112

ASTM D664

EN 14111

ASTM D6584

ASTM D6584

EN 14108
EN 14109

ASTM D4951



3.1.2 Concepts of Harmonized Specification
To harmonize the specification of biodiesel fuel, the concepts were discussed as
follows.
(1) Based on European standard (EN14214)
The subject of this WG is only focused on FAME (Fatty Acid Methyl Ester) as
a biodiesel fuel. EN14214 is recognized as a comprehensive specification for FAME,
and so this WG discussed the harmonized specification based on EN14214.

(2) Consideration of various oils

EN14214 is set for rapeseed oil only. There is a need to consider other
feedstocks used in the East region, such as:

Coconut: low viscosity and flashpoint

Soybean: Iodine number

(3) Oxidation stability

Oxidation stability has critical impact on fuel tanks made of metals. In Europe,
fuel tanks of vehicle are mainly made of plastics or resin. However in Asia, metal tanks
are popular for vehicles. Oxidation stability value of “10 hours”, which was
recommended by Japan Automobile Manufacturers Association, Inc. (JAMA), is based

to prevent metal tank corrosion.

(4) Polyunsaturated FAME

Polyunsaturated FAME was mainly included in fish oil. It accelerates oxidation
degradation and sludge production, however, the measurement method has not been
developed. Polyunsaturated (more than 4 double bonds) FAME need to be excluded.

3.1.3 EAS-ERIA Biodiesel Fuel Standard: 2008

WG for Standardization of Biodiesel Fuel for Vehicles in East Asia made an
“EAS-ERIA Biodiesel Fuel Benchmark Standard”. Table 4 shows the specification
compared to other existing standards. This is a benchmark standard suggested for

member countries for the purpose of harmonizing biodiesel standards in East-Asia.
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Table 4 EAS-ERIA Biodiesel Fuel Standard: 2008 compared to other existing standards

ltems Units u.S. EU Japan EAS-ERIA Biodiesel Fuel
ASTM D6751-07b | EN14214:2003 | JIS K2390:2008 Standard:2008
Ester content mass% - 96.5 min. 96.5 min. 96.5 min.
Density kg/m3 - 860-900 860-900 860-900
Viscosity mm2/s 1.9-6.0 3.50-5.00 3.50-5.00 2.00-5.00
Flashpoint deg. C 93 min. 120 min. 120 min. 100 min.
Sulfur content mass% | 0.0015 max. | 0.0010 max. | 0.0010 max. 0.0010 max.
Distillation, T90 deg. C 360 max. - - -
i 0,
gra””" residue (100%) assy, | 0-05 max. - - 0.05 max.
Carbon residue (10%) - 0.30 max. 0.3 max. 0.3 max.
Cetane number 47 min. 51.0 min. 51.0 min. 51.0 min.
Sulfated ash mass% 0.02 max. 0.02 max. 0.02 max. 0.02 max.
Water content mglkg 0.05[vol%] max| 500 max. 500 max. 500 max.
Total contamination mg/kg - 24 max. 24 max. 24 max.
Copper corrosion No.3 Class-1 Class-1 Class-1
Acid value mgKOH/g|  0.50 max. 0.50 max. 0.50 max. 0.50 max.
Oxidation stability hrs. 3 min. 6.0 min. (**) 10.0 min. (***¥)
lodine value - 120 max. 120 max. Reported (***)
Methyl Linolenate mass% - 12.0 max. 12.0 max. 12.0 max.
Polyunsaturated FAME "
(more than 4 double bonds) mass’% - 1 max. N.D. N.D. (***)
Methanol content mass% | 0.2 max. (*) 0.20 max. 0.20 max. 0.20 max.
Monoglyceride content | mass% - 0.80 max. 0.80 max. 0.80 max.
|Diglyceride content mass% - 0.20 max. 0.20 max. 0.20 max.
Triglyceride content mass% - 0.20 max. 0.20 max. 0.20 max.
Free glycerol content mass% 0.020 max. 0.02 max. 0.02 max. 0.02 max.
Total glycerol content mass% 0.240 max. 0.25 max. 0.25 max. 0.25 max.
Na+K mg/kg 5 max. 5.0 max. 5.0 max. 5.0 max.
Ca+Mg mg/kg 5 max. 5.0 max. 5.0 max. 5.0 max.
Phosphorous content mg/kg 10 max. 10.0 max. 10.0 max. 10.0 max.

(*) 130 deg.C of flashpoint is available instead of measuring methanol content (**) Meet diesel oil specification
(***) Need data check and further discussion (****) Need more data & discussion from 6 to 10 hours

This standard is for B100 aimed for low level blending with diesel fuel. In case
of the use as a final fuel, further considerations are necessary, especially in regards to
oxidation stability.

In the Second EAS Energy Ministers Meeting which was held on 7 August 2008
in Bangkok, this standard was welcomed from the Ministers as a valuable benchmark

reference in developing respective national standards of EAS countries.

3.2 World Wide Fuel Charter - Biodiesel (B100) Guidelines
3.2.1 World Wide Fuel Charter
(1) Background

Fuel quality plays an important role in order that the latest low emission vehicles
and their emission control systems may function properly. Especially in Japan, USA and
Europe, nearly same levels of stringent emission regulations are scheduled to be
introduced, and it is a common recognition of vehicle manufacturers that the supply of

globally harmonized clean fuels is essential to achieve the target of cleaner air quality

20



and environment protections worldwide.

On the other hand, there are large varieties of fuels in many regions of the world,
especially in the developing countries and districts (most of them have insufficient
quality). This situation is one of the obstacles to prevent quick introduction of the latest
low emission vehicles, and it is strongly required to improve fuel quality in the

corresponded markets.

(2) Its History

In the beginning of 1990s, former CCMC in Europe released “CCMC Fuel
Charter” and established an approval system of quality fuels in the market. Even after
the organization change as ACEA, this system was taken over and “The ACEA Fuel
Charter” was published in 1994.

At the same period, AAMA in the USA also published “AAMA National
Gasoline Specification” in 1994 and revised it in 1996. JAMA supported this activity
throughout the information and opinion exchanges.

Finally, the automotive industries from Japan, USA and Europe decided to
cooperate together and published the 1st edition of “World Wide Fuel Charter” in 1998.
After the several times of revision, the 4th edition published in 2006 is the latest version

at the moment.

(3) Contents of WWFC

The WWFC Committee consists of 4 major automotive industry organizations of
Japan Automobile Manufacturers Association (JAMA), Alliance of Automobile
Manufacturers (AAM), Engine Manufacturers Association (EMA) and European
Automobile Manufacturers Association (ACEA), and also associates members of other

country national organizations from all over the world. (see Figure 9)
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World-wide Fuel Charter Committee
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Figure 9 WWFC committee member organizations

“World Wide Fuel Charter” is an automotive industry’s guiding document
towards improved and harmonized market fuel quality. Gasoline and diesel fuel
qualities for vehicles are classified into 4 quality levels (Category 1, 2, 3 and 4) to

match emission requirements of up to Euro5/US10 or equivalent. (see Figure 10)

Outline of The Categories in WWFC

Category 57
Fuels needed to achieve future emission levels
and emission control

Category 4: EUROIV-V
Fuels for markets with further advanced requirements
for emission control, to enable sophisticated NOx and
PM after-treatment technologies

Category 3: EUROII

Fuels for markets with advanced requirements
for emission control

Category 2: EURO I -1
Fuels for markets with stringent requirements
for emission control

Category 1: EURO I
Fuels for markets with minimal requirements
for emission control

Figure 10 Outline of the fuel quality categories in WWFC

The Charter can be downloaded from each Committee member’s website. Their
URLs are as follows.
http://www.jama.or.jp/ or
http://www.autoalliance.org or

http://www.acea.be
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3.2.2 WWFC Biofuel Guidelines
(1) Background

The use of bio-components like ethanol (and ETBE) and fatty acid methyl esters
(FAME) in market fuels are increasing as from CO, reduction and energy security
points of view. There only existed national/regional standards and specifications for
bio-components so far. Their qualities were highly variable and not always fit for
purpose. Bio-components can be inherently feedstock dependent (e.g. type and the
nature of vegetable oils, their processing routes), and this represents additional
challenges for the standardization activity.

On the other hands, as the automotive industry’s activities are global, there also
exists an increased need for international harmonization of market fuels including
bio-components. However, bio-components are just mentioned as parts of the WWFC
gasoline and diesel fuel specifications at the moment. As a consequence, the WWFC
Committee concluded some 2 years ago that more uniform definition of ethanol and

FAME quality is needed and decision was taken to develop “Biofuel Guidelines™.

(2) Milestones of the Guideline Making

The WWEFC Biofuel Guidelines drafts for comments were issued in July 2008
and the deadline for comments submission was October 1, 2008. The WWEFC
Committee held a meeting on October 7, 2008 in Chicago to review and discuss into
details of the comments they received. After the continued work to finalize the
Guidelines, the 1st editions of “World Wide Fuel Charter - Biofuel Guidelines” were
published in March 2009 finally as E100 and B100 Guidelines for E10 and B5 blends.
They are performance-based requirements and defined as feedstock neutral. Test
methods for each property parameters are also described.

The target audiences are biofuel producers, fuel distributors, legislators and
end-users. It is noted in the Guidelines that “World Wide Fuel Charter” still applies to
retail gasoline and diesel fuel quality (i.e. the Guidelines supplement Category 1, 2, 3
and 4 requirements), and the fuel suppliers are responsible for final product quality. The
Guidelines can be downloaded from each Committee 