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DISCLAMER

This conference record has been produced without formal editing. The designations
employed and the presentation of the material in this document do not imply the
expression of any opinion whatsoever on the part of the United Nations Industrial
Development Organization (UNIDO) concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers
or boundaries, or regarding its economic system, or degree of development process.

The analyses, assessments, views and opinions expressed in this document are those
of the authors/speakers and do not necessarily reflect those of UNIDO. Neither UNIDO
nor each author/speaker guarantees the accuracy of the information included herein
and accepts no responsibility for any consequences for their use.

Designations such as "developed", "industrialized", and "developing" are intended
for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Any indication
of, or reference to, an individual, country, institution, other legal entity or commercial
products does not constitute an endorsement by UNIDO.

COPYRIGHTS

The summaries, speeches and presentation slides comprising this conference record
are subject to copyright by their individual authors/speakers. Copyrights arising out
of or in connection with the aggregation of their works into this conference record,
including all ancillary original works, are held by UNIDO.
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PREFACE

The soaring price of finite fossil oil, which is, however, not yet near to complete
depletion, and the exacerbation of global warming caused bygreenhouse gas emissions,
including carbon dioxide, have encouraged the search for new, environmentally friendly
energy sources. Biofuels, being carbon neutral and renewable energy, have attracted
a significant amount of attention as a promising alternative. A biofuel is defined here
as any fuel derived from biomass. Bioethanol and biodiesel are the most widely known
liquid biofuels.

Toaddress global warming and to reduce dependence on fossil oil, a number of countries
have introduced political and regulatory frameworks to mandate or encourage the
use of biofuels for transportation, in many cases through subsidies or incentives. At
regional levels, for instance, the Biofuels Directive 2003/30/EC has been in place in the
European Union to promote the use of biofuels for transportation by setting guidelines
and targets. Similarly, the sixteen heads of the ASEANMember States agreed to expand
the production and use of biofuels when they convened in Cebu, in the Philippines, in
January 2007.

The opportunities and challenges in biofuels production, use and trade vary from
country to country. It seems that there are significant opportunities offered by biofuels
to developing countries. Certain African countries, for instance, may be able to produce
biofuels from locally available feedstock, taking advantage offavorable climate and soil
conditions. The production of crops, grains or plants for biofuels also has the potential
to address the issues of rural development and poverty alleviation by increasing
the level of agricultural activities. The production of foods and/or biofuels based on
such agricultural products may also attract additional investment in new business
opportunities and produce positive spillovers.

The use of biomass and crop oil for biofuels is a nascent market and emerging issues in
many aspects of biofuels may significantly affect their future scenarios. The regulatory
framework is one of those aspects. The market for biofuels is largely regulation driven.
While more countries are joining the market by introducing their own regulatory
frameworks, some countries are reviewing those they already have in place. Technology
is another area of emergence. The biofuels conversion technologies that have been
used so far are by and large mature and rather simple technologies. However, research
and development for new technologies has been under way, which may change the
whole market drastically overnight if and when a major technological breakthrough is
achieved. While a significant increase in demand is expected for biofuels, sustainable
production of biomass as a feedstock is becoming a key concern. This issue may take
different forms, such as the efficient use of land, competition with biomass for food
use, negative impacts from changes in land use and so forth. In the case of the EUfor
example, the introduction of a system for certification of socially and environmentally
sustainable production of biomass is currently being discussed asapossible requirement
for market access.
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Stakeholders at all levels are in need of the most up-to-date information and insights to
keep abreast of new developments taking place in various areas of this nascent global
market, in pursuit of the opportunities that biofuels offer, while the mitigation of risks
or negative impacts is addressed. With this situation as the backdrop, the Malaysian
Palm Oil Board (MPOB), the Ministry of Plantation Industries and Commodities and
the United Nations Industrial Development Organization (UNIDO) decided to organize



the International Conference on Biofuels jointly, to offer a platform where diverse
stakeholders could deliberate and exchange views, experiences, information and
insights on various aspects of biofuels.

The Conference was held on 5 and 6 July 2007 in Kuala Lumpur, Malaysia. This report
presents the speeches delivered as well as the summaries of presentations by the
speakers, together with the slides they used at the Conference. The information
included here, is as it was presented by each speaker at the Conference unless it is
noted otherwise. As an aid to the readers, lists of selected abbreviations and an index
are provided at the end of this report.
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INTRODUCTION

Objectives

The objectives of the Conference were:
• to discuss the latest developments in policy and in the production and utilization

of biofuels
• to evaluate recent outcomes and results in their utilization
• to provide a platform to discuss issues related to biofuels
• to discuss the latest biofuel production technologies
• to discuss sustainability issues related to biofuels and their feedstock

production
• to provide avenues for networking and business link-ups between entrepreneurs,

biofuels producers, biofuels raw materials suppliers, automobile manufacturers/
assemblers, equipment suppliers, petroleum companies and other interested
parties

• to review and chart the future direction and developments of biofuels

Participants

More than 400 participants from 26
countries took part on each day of the 2-day
Conference. The participants were various
stakeholders, including growers, plantation
companies, biofuels producers, biofuels
exporters and importers, engineering firms,
financial institutions, insurance companies,
equipment manufacturers, oil companies,
utility companies, industrial associations,
cooperatives, academics, R & D institutes,
policy makers, international and regional
organizations and investment promotion
agencies_

Time and Place of Conference

The International Conference on Siofuels took place on 5 and 6 July 2007 at PutraWorld
Trade Centre (PWTC),Kuala Lumpur, Malaysia.
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WELCOME REMARKS
(transcript)

Y. Bhg. Dato' Sabri Ahmad
Chairman, Malaysian Palm Oil Board

Honorable Y. B. Datuk Peter Chin Fah Kui, Minister of Plantation Industries and
Commodities for Malaysia,

Your Excellency Dr. Kandeh Yumkella, Director-General of the United Nations Industrial
Development Organization, UNIDO,

Y.B.Datu Dr.Michael Dosim Lunjew, Secretary-General, Ministry of Plantation Industries
and Commodities,

Y. B. Dato' Dr. Mohd Basri Wahid, Director-General, Malaysian Palm Oil Board,

Your Excellencies and distinguished guests,

Ladies and gentlemen,

Welcome and a very good morning to all of you.

Let me at the onset welcome you to the 2007 International Conference on Biofuels,
organized by the Ministry of Plantation Industries and Commodities, MPOB, in
collaboration with UNIDO.

First and foremost, I would like to thank the Honourable Minister, Datuk Peter Chin Fah
Kui, for consenting to officiate and declare this Conference open. I would also like to
welcome and thank Dr. Kandeh Yumkella, Director-General of UNIDO, for being here at
this function. I understand Dr.Yumkella will also be actively involved in the Conference
as a session panelist.

Toall our foreign guests, selamat datang and welcome to Malaysia.

Ladies and gentlemen,

the oil palm industry is one of the main pillars of Malaysia's economy, contributing
some 32 billion Malaysian Ringgit in export earnings last year. As you know, Malaysia
is the largest producer and exporter of palm oil in the world, or at least it has been until
this year.

In 2006, Malaysia produced a total of 15.88 million tonnes, of which 14.4 million were
exported. The industry provides employment for more than one million families from
the plantation right down to the processing sectors. The Malaysian Palm Oil Board,
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or MPOB, a statutory body incorporated by our country's parliament, has been given
the task of carrying out research and development,licensing, enforcement and various
other functions related to the palm oil industry.

Traditionally, palm oil is used mainly for food. Over the last two days, our Prime Minister
has reiterated that food will be given priority vis-a-vis energy. The transformation of
palm oil into globally accepted edible oil was achieved, but not without blood, sweat and
tears. Apart from the conciliatory efforts in announcing the industry's performance, the
MPOB and the Ministry had to carry out extensive technical promotion and independent
nutritional studies and to face attacks against palm oil in certain quarters on nutritionai
grounds.

As I said, all these efforts have now made palm oil the vegetable oil which is produced
and traded more than any other oil in the world.

The palm oil industry has also moved into the non-food sector, mainly oleochemicals,
which are produced iargely from palm kernei oiL The oleochemicai industry, with 17
oleochemicai plants, produced 5.6 billion Ringgit worth of oieochemical products such
as fatty acids, fatty esters, fatty alcohols and glycerine in 2006. The oleochemical sector
has moved from producing basic oleochemicais to high value-added products in the
form of soap and detergents, cosmetics, personal care products and polyurethane, as
well as industrial products. And soon we will also be producing methyl ester sulphonate,
an ingredient for the detergent industry, which is environmentally friendly and also very
competitive vis-a-vis fossil-based ingredients.

Ladies and gentlemen,

with the advancement of research funded by the MPOB, the oil palm industry is now set
to launch a new growth industry, the biofuel industry. Renewable energy is really not
new to the oil palm industry. Virtually all palm oil mills use biomass in the form of fiber
and shells from palm oil milling as fuel to run their boilers. Due to the increased demand
for biodiesel globally, palm oil has become an excellent feedstock for its production. In
fact, we probably overlooked the biofuel concept, so that we are now facing challenges
in Europe. I think, ladies and gentlemen, we still believe that food is the main business
for palm oiL

The MPOB started producing palm-based biodiesel in 1982. Extensive research led to
the production of biodiesels which meet international specifications such as EN14214
and ASTM D6751. The biodiesel produced from this pilot plant in 1985 was successfully
tested in most of the engines on commercial buses without any problems. The MPOB
has now scaled up and further improved the technology. Three commercial plants based
on MPOB technology are now in operation, including one in South Korea. The other four
are in various stages of construction.

The MPOB has also developed petrotechnologies for the production of winter grade
biodiesel, and extraction of micronutrients from palm methyl ester.

The MPOB has also set up various pilot plants created to produce biodiesel and high-
value products. We hope to commercialize some of these products over the next few
years. In the case of palm oil and palm methyl ester, we not only have the MPOB
technology for biodiesel but also the micronutrients, which represent high added-value
for the industry.
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Ladies and gentlemen,

climate change demands an urgent global response. As a remedy, biofuels have taken
centre stage. They are seen as a means to achieve the objective of fueling our vehicles
and powering our factories while producing minimal greenhouse gas pollution. The 2003

European Union Biofuel Directive demands that all member States should aim to have
5.75 percent of transportation run by biofuels by 2010. The EU leaders at the Climate
Change Summit in Brussels in March 2007 agreed to slash carbon dioxide emission by
20 percent from the 1990 levels by the year 2020. Climate change was also the highlight
of the recent G8 Summit and even President Bush has performed a U-turn in his climate
change stance this month. So we have now got support from the Americans in terms of
moving ahead in the direction of biofuels.

Then there is the demand for biodiesel or ethanol, which will increase the demand for
palm, rapeseed, soya bean and corn. The EU leaders have acknowledged that there
will be insufficient land in Europe for rapeseed cultivation to meet biodiesel demand
by 2010.

In the United States, farmers tried to cash in on the rush for ethanol by growing corn at
the expense of soya bean. The move brings the food vs. fuel debate into sharp focus,
as more arable land in the United States is being used for fuel crops than for food at a
time when the global demand for food is increasing greatly to boost wealth and meet
the needs of a rising global population.

There is also an allegation that biodiesel cannot be considered to be a green fuel because
we carry out indiscriminate deforestation in order to plant oil palm. It is claimed that
this not only contributes to global warming but also drives wildlife away from its natural
habitats. The truth, however, ladies and gentlemen, is that in all palm cultivation in
Malaysia, sustainable palm oil practices have been advocated, in fact, since 1970.

We have been growing sustainable oil palm since 1970. There is a balance between
economic-needs and preservation of forest areas for conservation of biodiversity. Of
the total land area of almost 33 million hectares, 65 percent is under forest cover.
Agriculture is 19 percent. Almost two thirds ef or 12 percent, equivalent to four million
hectares, are under oil palm.

In contrast, agricultural land accounts for 70 percent of the total area in developed
countries, while forest cover comprises between 10 and 30 percent.

This is the issue today. In the tropics, in the other countries and in Malaysia we still have
60 to 70 percent of forest cover and only 12 to 20 percent under agriculture.

Of course, ladies and gentlemen, we are not going to make the same mistake as
has been made in other countries. Biofuels will reduce greenhouse gas emissions,
only where the plants are grown and processed correctly. As palm oil producers, we
understand that sustainability is an issue close to the hearts of the European and
United States governments and industries. To ensure that palm oil is produced in a
sustainable manner, the Round Table on Sustainable Palm Oil, RSPO,has developed a
set of principles and criteria for sustainable palm oil production.

Ladies and gentlemen,

the government and industry are certainly behind the concept of sustainable palm oil
and we support RSPO.
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Inthe thrust of MPOBresearch on biofuels, we shall be usingthe abundant lignocellulosic
biomass by-products generated by the industry. Such research will include the
production of bioethanol, briquets from oil palm fibre, bio-oils from pyrolysis, gas from
gasification and biomass-to-liquid fuels. The MPOB and industry are also embarking
on harnessing methane gas from palm oil mills and effluent ponds as fuel to produce
energy. Such efforts, besides maximizing international waste products, have also
contributed to a reduction in global warming. This project is also eligible for carbon
credits under the Kyoto Protocol Clean Development Mechanism.

Ladies and gentlemen,

I am very happy that we are able to hold this conference at a time when the issues of
biofuels, global warming and others are taking centre stage.

Through the efforts of the co-organizers, we have managed to put together 25 oral
presentations and over 20 posters covering wide areas rangingfrom global developments
in biofuels, the production ofbiofuel feedstocks, supply and demand, and the economics
and sustainability of biofuels to production technology and applications of various
types of biofuel.

On behalf of MPOBand our joint organizers, I wish to thank all the speakers, especially
the chairpersons, participants from the staff of the MPOB, the Ministry of Plantation
industries and Commodities, and UNIDO, for all your efforts in organizing this
Conference.

In conclusion, I wish to thank again the honourable Minister of Plantation Industries and
Commodities, Malaysia, Datuk Peter Chin FahKui, for officiating at the Conference.

Thank you.
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Dr. Kandeh K. Yumkella
Director-General

United Nations Industrial Development Organization
Austria



REMARKS
(transcript)

Dr. Kandeh K.Yumkella
Director-General, United Nations Industrial Development Organization (UNIDO),

Austria

Honorable Mr. Peter Chin Fah Kui,
Minister for Plantation Industries & Commodities,

Dr. Michael Dosim Lunjew,
Secretary-General for Ministry of Plantation Industries & Commodities,

Mr. Sabri Ahmad,
Chairman of Malaysian Palm Oil Board,

Dr. Mohd Basri Wahid,
Director-General of Malaysian Palm Oil Board,

Excellencies, disdnguished guests,

Ladies and gentlemen,

It is an honor for meto be here at this Conference during my first official visit to this great
country. The first time I came to Malaysia was 10 years ago, in 1997, on the occasion of
the Asia-Africa Business Forumthat the Government of Japanorganized in Kuala Lumpur
under the auspices of the Tokyo International Conference on African Development or
TICAD. And after the opening of that event, my next interest was to find out who in the
audience was from the Malaysian Palm Oil Board, then the Palm Oil Research Institute
of Malaysia, and the Ministry of Agriculture, because as an agricultural economist and a
West African visiting Malaysia forthe first time and knowing that Malaysia is the world's
largest producer and exporter of palm oil, my main curiosity was oil palm. I immediately
started networking with people who knew a lot about the oil crop after the opening of
the Forum.

Being from West Africa means that for me, oil palm is part of my heritage. Oil palm is
what I saw every day as a child when I was growing up because that is what we had
growing wild around us. The fact is that we use palm oil for cooking food all over West
Africa and Central Africa and without it, we have to turn to coconut oil. But what has
constantly beeri readily available is oil palm. That is why, whenever I visit Malaysia or
whenever I talk about oil palm, I always want to know more about it and how Malaysia
has succeeded in industrializing it.

We feel very honored that we can collaborate with the Ministry of Plantation Industries
and Commodities and the Malaysian Palm Oil Board at this important Conference. As
UNIDO'scontribution, we have made an effort to enrich this event by bringing a number
of top-notch international experts to share their insights and experiences with us from
a global perspective. Our speakers will discuss sustainability issues on the production
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of biofuels and their feedstocks. They will also talk about the role of governments and
other public sectors, as well as regulatory frameworks in dealing with biofuels in the
context of sustainable development. At the same time, we wanted to share this great
opportunity and valuable information with the people who want to know more about
biofuels and Malaysia's success for the alleviation of poverty in their own countries by
utilizing the available resources. In this connection, we have sponsored Africans and
people from other parts of Asia to this Conference.

Our collaboration here underscores the importance we attach to the clean, green,
industrial development that indeed leads to the alleviation of poverty. Weare convinced
that you cannot alleviate poverty without creating jobs and incomes. Weare convinced
that you cannot fight poverty today, in the twenty-first century, in a globalized world,
without helping countries to move to higher value products or services. And we
see today that what Malaysia has done with oil palm will open up opportunities for
developing countries, particularly the impoverished ones in West and Central Africa,
where oil palm almost certainly originated.

Oil palm is primarily food, secondly a commodity for income generation and thirdly,
today, thanks to Malaysia's innovativeness, energy. It is an important biofuel as well.
We see this as an opportunity and feel that we should study it seriously. We are all
very aware of the environmental impacts as well. We believe that we should promote
development of this product in a sustainable way, in addition to sustainable innovations
to help lift people out of poverty in other parts of the world.

I came here 10 years ago, thanks to the sponsorship under the Japanese initiative in
the Asia-Africa Business Forumthat I mentioned earlier. Tenyears later, we now see oil
palm becoming even more important. I remember visiting one of the exhibitions that
the Malaysian Palm Oil Board had organized at that time. Six years ago, I came back
with a group of Nigerian ministers and experts and we visited the Malaysian Palm Oil
Board again. The exhibits there started with Africa and the Board's members were very
frank. They said that when they had wanted to switch from rubber and been looking for
a commodity to replace it with, they had sent their delegations to Africa. I do remember
a professor in the group of Nigerians who had been the Planning Minister for Nigeria in
the 1960s and said he had actually helped to receive a Malaysian delegation to Nigeria
at that time. To me, it was important that the Malaysians told the Nigerians that story
because in today's globalized world we have to be open-minded. We have to look for
best practices, good technologies and global knowledge systems and see what we can
take and adapt. The Malaysians were willing to come to us in Africa 40 years ago to look
for germ plasma. I am sure they are open-minded enough to allow the Africans to come
to Malaysia to learn howto use that same commodity today to alleviate poverty in their
countries. That is the spirit of this Conference. South-South cooperation is important.
We see oil palm today as a bridge for Asia-Africa cooperation. You should understand
why I use this bridge analogy. In my village today, because we do not have a good road
infrastructure, we still use palm tree trunks as planks across ponds.

I have been told by my friends in Latin America that they are already growing oil palm and
producing palm oil. I do not want somebody to come out with a big study 10 years from
now on how the Africans missed the opportunities with sustainable biofuels. There are
many publications about how Africa missed the green revolution, in which the Asians
did well. I think we also have an opportunity for triangular cooperation, where we can
put more effort into research and development to see how we can do this sustainably,
without jeopardizing food security. I believe that it can be done. Mankind has shown
that with creativity we can beat Darwin and I believe that we have this opportunity here
once more.
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This morning we were talking about Vitamin E in oil palm. It was one of the world's
leading researchers on aerobic rice who, with Japanese funding and using rice from the
International Rice Research Institute (lRRI) in the Philippines, discovered a new way of
growing rice. Maybe, in a similar sense, with joint effort and collaboration with donor
countries, we will in fact be able to make palm oil even more enriching to help us deal
with diseases and not only with fuel. We want to look at practical strategies in the hope
that through triangular cooperation, support from the EU, Japan and other countries,
we will be able to transfer some of these best practices to countries that need them.

I am very grateful to the Government of Malaysia. I have had very good meetings with
the Minister for Natural Resources and Environment and the Minister for International
Trade and Industry. I am going to meet additional ministers during the next couple
of days because I am looking beyond oil palm. I always look to Asia, as it has the
best record of alleviating poverty over the last 50 years. Examples are China, India,
Malaysia, Indonesia, Thailand and a few others. Forme this Conference is not a one-off
event. We will continue our collaboration to show how we are promoting a sustainable
partnership with Malaysia, so that others can benefit from its experiences.

Thank you again for this opportunity. We can share information, challenge ourselves to
look at sustainability standards and trade-offs with food security, and make sure that,
at the end of the day, we will be able to define ways in which the rest of the world can
benefit from the opportunities biofuels offer.
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OFFICIAL OPENING
Y.B.Datuk Peter Chin Fah Kui

Minister for Plantation Industries and Commodities, Malaysia

Y. Bhg. Datu Dr. Michael Dosim Lunjew
Secretary-General,
Ministry of Piantation Industries & Commodities, Malaysia

Dr. Kandeh Yumkella,
Director-General ofThe United Nations Industrial Development Organisation (UNIDO)

Y. Bhg. Dato' Sabri Ahmad,
Chairman of Malaysian Palm Oil Board

Y. Bhg. Dato' Dr. Mohd Basri Wahid,
Director-General of Malaysian Palm Oil Board

Excellencies, distinguished guests,

Ladies and gentlemen,

Good Morning.

I wouid like to take this opportunity to thank the organisers for inviting me to officiate
the 2007 International Conference on Biofuels. This is a collaborative initiative by
the Ministry of Plantation Industries and Commodities, the Malaysian Palm Oil Board
(MPOB) and the United Nations Industrial Development Organization (UNIDO).

2. It is also my pleasure to wish a warm welcome to all the participants, especially
the foreign delegates to this conference. The year 2007 is a significant year for Malaysia
as we will be celebrating the 50th year of independence. In addition, this year has also
been designated as Visit Malaysia Year. While you are here in Kuala Lumpur, please
take time off to visit and explore our diverse culture and places of historical interest.
It is also my sincere hope that your brief sojourn here in Malaysia will be a memorable
one.

Ladies and gentlemen,

3. Globally, matters related to energy and environment have increasingly taken
centre stage. The issues that are being debated include increase in fossil oil prices and
its depleting resources, environmental pollution, global warming, energy security and
sustainability. All these have resulted in more attention being given to the search for
alternative forms of energy which are renewable and environmentally friendly, and at
the same time economically viable. With these constraints, biofue! offers one of the
best alternatives that could meet these criterions.

4. Taking a historical perspective, the first generation of biofuel was primarily
derived from food crops such as sugar cane, corn and vegetable oils. Biofuels from these
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crops include ethanol and biodiesel, which have successfully been implemented in
Brazil, the European Union (EU)and the United States. The production and use ofbiofuel
as an alternative energy has now created urgent issues which have to be addressed if
its further utilization is to be enhanced and promoted. These include their impact on
the commodity prices, the choice between food and non food use, government support
and subsidies, sustainability of production, biofuel quality and engine compatibility.

5. As an alternative approach towards other feedstock usageand to allay concerns
on food prices, intensive research and development is being done on the development
of second generation biofuels based primarily on biomass. This feedstock will not

. compete with the food industry. However, the pertinent issue is that the technologies
for the use of non-food based feedstocks is still being developed and is expensive.
These include the production of cellulosic bioethanol and biomass-to-liquid fuels (BTL)
for use in petrol engines.

Ladies and gentlemen,

6. It is evident that the success of any biofuel initiative is contingent on the
availability of an enabling framework which includes policies, and legal and fiscal
regulations. This is especially so when the cost of production of biofuel vis-a-vis
fossil fuels is not competitive. Perusal of policies on the use of biofuel should not be
premised at protecting the environment at higher cost. In this context, the initiative
by the European Union in taking the lead in mandating the use of biofuel based on
environmental concerns and complimented with specific targets for its member
countries is a positive move. In the EU,the current target is 5.75% of transport fuels are
to be based on biofuel by 2010, and it is proposed that this target be increased to 10%
by 2020. These efforts are commendable and in tandem with measures especially by
the developed countries in taking the lead towards reducing global warming.

7. The positive move by the EU needs to be supported by an appropriate and
sufficient supply of biofuel. However, due to its domestic constraints, there is a need
to import biofuel from other sources including from developing countries to meet its
targets on biofuel utilisation. Developing countries which have sufficient resources in
the form of vegetable oil production such as Malaysia and others should be allowed to
produce and export such biofuel to these countries.

8. However, recent moves by the importing countries, which include seeking
a balance between sustainable practices and market opening, may not create the
opportunity to supply the additional biofuel to meet the said objectives outlined.
Importing countries are increasingly questioning the sustainability of palm oil
production and its use for biofuel. This include allegations by certain quarters, in
particular the non-governmental organisations, by associating palm oil production with
destruction of rainforests and orangutan habitats, loss of biodiversity, destruction of
peat land with the resultant increase in greenhouse gas emissions. Not withstanding
these unsubstantiated allegations, the demand for palm oil has steadily increased,
as indicated by the sharp increase in the price, currently fetching above RM2,600 per
tonne, which has doubled the price compared to the same period last year.

Ladies and gentlemen,

9. I would like to reiterate here that "Malaysia is not destroying rainforests for
palm oil production". We have not cleared rain forest for oil palm plantations forthe past
10 years. We are focusing on increasing the production of palm oil through increased
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productivity by consistently replanting old palms with new high yielding clones and
adopting good agronomic practices. Our production is therefore sustainable. We will
continue to engage environmentalists and various stakeholders to assure them that
our practices are sustainable. In ensuring that the oil palm industry grows in harmony
with nature, we have formuiated initiatives, policies and practices to balance between
"development need" and the need to "preserve the environment". We are committed
to ensuring that whatever we do now is not at the expense of the environment and our
future generations. In fact, when Malaysia first embarked on research and development
on biofuel in 1980s, one of the objectives was to develop an environmentally friendly
alternative fuel.

Ladies and Gentlemen,

10. Being one of the world's largest producers of palm oil, the palm oil industry in
Malaysia is spearheading the biofuel thrust in Malaysia. The National Biofuel Policy
was launched in March last year. The policy encourages the production of biofuel,
primarily from palm oil for export and the use of palm biofuel blended with petroleum
diesel locally. We have approved 92 licences to set up biodiesei plants where currently
four are commercially in production while three are undergoing production trials. Given
the increase in the price of palm oil, the biodiesel industry in Malaysia is confronted
with issues of sustaining economic scale of the biofuel production. I believe that
those who are involved in the palm biofuel business are fully aware of the nature of
commodity price that are influenced by supply and demand, and the vagaries of the
weather. It is imperative that the industry strategise and adopt biofuel technology that
is economically viable yet producing high value added products to offset the cost.

Ladies and gentlemen,

11 We have taken steps to facilitate domestic development of the biofuel industry
by formulating the Malaysian Biofuellndustry Act 2006. The Act which is scheduled for
implementation in early 2008 will allow for orderly development and regulation of the
industry. In addition, the Act also allows the Government to mandate the use of biofuel
for any activity in this country.

12. Besides producing palm oil, the oil palm industry also generates a huge amount
of biomass in the form of fibres, shell, empty fruit bunches, oil palm trunks and oil palm
fronds. These may be utili sed directly to produce energy or used as feedstock to produce
second-generation biofuel. The government is encouraging research and development
in this area to further explore the potential of these feedstocks for biofuel, hence and
contributing towards further development of the renewable energy sector..

Ladies and gentlemen,

13. Apart from promoting and complimenting global attention to biofuel, including
opportunities, issues and challenges, this conference is aptly organised to look at these
issues and beyond by exploring possible solutions to elevate the potential of biofuel
as a major source of renewable energy. I am happy to note that with the cooperation of
UNIDO,we have been able to put together a host of local and international speakers to
deliberate on these issues.

14. This international conference on biofuels is organised to coincide with the
Malaysia International Commodity Conference and Showcase 2007 (MICCOS).MICCOS
is a premier event on commodities organised by the Ministry of Plantation Industries
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and Commodities to showcase the latest technological breakthroughs, formulations and
products. This biennial event focuses on enhancing the commodity sector, especially in
the context of its contribution to the national economy, environment and versatility of
products available for both food and non food applications.
Ladies and gentlemen,

15. Lastly, I wish you all a fruitful discussion and hope that this conference will be
able to crystalise and propose measures that would be able to further facilitate and
develop the biofuel industry sector. At the same time, I would also like to remind all
the participants, especially those from overseas to make available time to enjoy the
sights and sounds of Kuala Lumpur. This city offers its own uniqueness and charm,
and I strongly urge all of you to explore these so that you can take back memorable
experiences.

With that note, and with great pleasure, Ideclare open the 2007 International Conference
on Siofuels.

Thank you.

International Conference on Siofuels 27



u¥ %9 4\7 if ik ±G$ J+& f4 &¥444 @I

28 International Conference on Biofuels



Dr. Yasuhiro Daisho
Professor

Waseda University
Japan



--
I

KEYNOTE SPEECH
SUSTAINABLEBIOMASS FUELSAS ALTERNATIVESTOOil

Yasuhiro Daisho
Waseda University, Japan

Whenwe discuss fuels or energy fortransportation, Iwish to emphasize that air pollution
control is a critical issue of immediate concern. While gasoline vehicle emissions are
reaching almost zero levels at present as a result of sophisticated electronics and
fuelling systems, as well as after-treatment systems such as three-way catalysts, we
expect more stringent emission regulations to be introduced in the very near future for
diesel engine vehicles in Japan, the USA and EU. In compliance with such anticipated
regulations, further reduction of emissions of Particulate Matters (PM) and NOxhas to
be achieved by around 2010 to ensure air quality in large cities in particular. Developing
and motorizing countries will be following suit soon afterwards. In this connection,
three key technologies - combustion technology, fuel technology and after-treatment
technology - have to be systematically optimised in order to improve emissions and
efficiency in spark ignited and diesel engines.

Fromthe viewpoint of fuel technology, besides the characteristics conducive to cleaner
emissions, a number of other requirements have to be satisfied for an alternative
fuel to become viable. Its supply has to be adequate, reliable and sustainable on a
long-term basis. There has to be a lower or no negative impact on the environment or
human health on a Well-to-Wheel basis, including emissions of CO" Its price must be
affordable. It also has to be compatible with existing engines, vehicles and refuelling
infrastructures and it should meet fuel quality standards. Biofuels, produced from
certain feedstocks, appear to be promising alternative fuels as they satisfy most of the
requirements above.

World energy demand in the transportation sector will be continuously increasing in
the future and sufficient energy will be needed to meet increasing demand. In line with
the trend, it is expected that biomass based fuels are going to be used more and more
in the future to replace conventional fuels such as gasoline and diesel. For production
of bioethanol, sugar as well as starch from sugar cane, sugar beet, corn, wheat,
sorghum, cassava and so forth are currently used as the main feedstocks. Biodiesel
is presently produced from the oil of rapeseed, palm, sunflower, soybean or jatropha
by transesterification. As a second generation technology, a hydrogenation process
has been developed to convert crop oil into diesel-like hydrocarbon fuel utilizing the
existing petroleum oil refinery plants.

However, there is certain concern voiced about possible competition of crops for food
use and crops for fuel use. The future biofuel scenario is very likely to be dictated by
technological breakthroughs. "Biorefinery" technologies are under development and
include Bio-to-Liquid (BTL) production processes. The emerging technologies produce
fuels and chemicals from cellulosic biomass such as crops, wood, grass and agricultural
wastes. Renewable energy is of great significance to the world and biorefinerytechnology
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has the potential to meet a large proportion of future energy demand. Well-to- Wheei
or life cycle analyses are vital, as are R&D and demonstration activities focusing on the
mitigation of both oil dependence and global warming.

We have a number of options for future vehicle fuels, ranging from fossil fuels to
renewables, including biomass, waste residues, solar, hydraulic, wind and geothermal
energies. And we are going to have four different types of vehicles in the future: spark
ignited engine vehicles, compression ignition engine vehicles, fuel cell vehicles and
electric vehicles. The choice may depend on the fuels that are available locally.

I think the air pollution problem will be overcome around 2010 or later and, in policy and
R&Dareas, increasing attention will be directed toward fuels or energy that address the
global warming problem and are from renewable sources.

(daisho@waseda.jp)
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SESSION 1-1:

ROLESOFPUBLICSECTORPLAYERSIN GLOBALBIOFUELSMARKET

Sergio Miranda-da-Cruz
United Nations Industrial Development Organization, Austria

By the end of the present century, biomass, traditional and modern, may evolve from
the present level of 11% to some 25% of the world energy matrix. According to this
scenario, 70% of the world energy matrix in 2100 will be provided by renewable energy
sources including biomass and only 25% from non-renewable energy sources such as
oil, natural gas and coal, which compares with 13% and 80.5% respectively in 2006.

Although the precise figure in the long-term is still dependent on future technologies
for the different energy sources and carriers, the short-term market for bioenergy, in
particular for biofuels (ethanol and biodieseO, is expected to grow from 75 billion litres
in 2007 to 170 billion litres annually in 2015, with ethanol representing some 70% of
the total, and biodiesel the rest. Biofuels, which today are mostly consumed in local
markets, are expected to become major commodities to be traded worldwide if enabling
conditions are in place.

Since sustainable production and use of biofuels are linked to the reduction of carbon
emissions and to the adequate management of available arable land, their production
and trade, if properly conducted, can effectively respond to two important challenges
in the years to come: The mitigation of climate change and the reduction of social and
economic disparities. In addition to reduction of sulphur oxide and sulphate emissions,
the emission of 2.6 tonnes of CO, equivalent can be avoided for every cubic meter of
ethanol used as fuel for transportation in lieu of petroleum fuel to address the global
warming problem. The social benefits include the cost effective creation of jobs,
compared to investments in other industrial sectors, in order to reduce poverty.

The potential for sustainable and financially feasible production and distribution
of biofuels will depend essentially on technology advancement and ultimately on
productivity growth, which will be driven, preferably, by the private sector. However,
the public sector will have a major role in this process by establishing the enabling
conditions for the markets for these potential world commodities to become a reality.
Technology advancement and continuous productivity increase depend on investments
in three areas of an economy which are sources of public goods: R&D (Researchand
Development), education, and infrastructure, with their final utilization defined by the
ability of the public sector to create a pro-productivity business environment.

Public sector players are, therefore, expected to create the required conditions for
the biofuels market to grow through the establishment of proper policies, which
can be divided into five groups: Allocation policies to ensure the right structure for
expenditure on R&D, education and infrastructure; stabilization policies to minimize
macroeconomic shocks; re-distribution policies to support the demand for education
and the corresponding development of the required human resources; micro-policies
to suppress market distortions and to stimulate production, and occasionally, demand
policies to consolidate the consumption of the "new" commodities.

The UN in general and UNIDO in particular can cooperate with national public sector
players by transferring the knowledge required for designing and implementing
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the above-mentioned policies, which, in fact, should be continuously monitored,
revised and adjusted in order to reach the final objectives. In addition, they can be
instrumental in assisting the public sector specifically in the field of energy planning
and implementation of national energy strategies oriented towards a strict monitoring
of their respective energy matrices with focuses on two fronts: (a) a decrease in energy
intensity, particularly in activities linked to industrial production, and (b) an increase
in the contribution of local renewable energy to limit growth of fossil fuel use, local
pollution and global greenhouse gas emissions.

(5.Mira nda-da-Cruz@unido.0rg)
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"Roles of Public Sector Players
in Global Biofuels Market"
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Director, Agro-industries & Sectoral Support Branch

Int'l Conference on Biofuels
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5-6 July 2007

3
I EJlecutive Summary I

(1) By the end of present century biomass mavevolve
from 11 to some 25% of the world energy matrix;

(2) Although the precise figure will depend on future
technologies, the short-term market for ethanol &

blodlesel shall grow from 75 (2007) to 170 billion IItres
(201S) with 70% ethanol & 30% biodiesel;

(3) Forthe blofuels market to becomeglobal, public
sector players are expected to create the required
conditions through the establishment of proper

policies, which can be summarized in five groups;

(4) TheUN/UNIDO can assist national public sector
players in designing & implementing the required
policies & their energy strategies for increasing

Energy Efficiency & the use of Renewable Energy.

5

e "Roles of Public Sector Players
in Global Biofuels Market"

1. The Global Market for Biofuels;
- World Energy Matrix (Present & Future);
- Global, Energy & Blofuels Trade;

2. Roles of Public Sector Players;
- Environmental & Social Challenges & Benefits;
- Technology & Productivity Growth;

3. Possible UN/UNIDO Role;
4. Conclusions.
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- "Roles of Public Sector Players
in Global Biofuels Market"

1. The Global Market for Biofuels;
- World Energy Matrix (Present & Future);
- Global, Energy & Biofuels Trade;

2. lRoles 011PubDic SeclI:oD"Players;
- Environmental & Social Challenges & Benefits;
- Technology & Productivity Growth;

3. Possible 1UJIM/lUJIMDIDlOlRoDe;
4. ConcDlJlsioD1ls.
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" "Roles of Public Sector Players
in Global Biofuels Market" __

1. Tihle iGUolbiaU i\liall'ill:e~ 11"011'llBo01l"IlIIeUsj
- World Energy Matrix (Present & Future);
- Global, Energy & Biofuels Trade;

2. Roles of Public Sector Players;
- Environmental & Social Challenges & Benefits;
- Technology & Productivity Growth;

3. 1lI'0ssilbiOe 1UJIi\!l/IUJIi\!IOIDlI[Jl~oOe;
4. iCollllcOusiolllls.
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...but there are also environmental benefits, as in

the case of use of ethanol as a fuel...

(I) Vehicles + Important Source of Air Pollution
In Urban Areas;

(II) ETHANOL + Fast & Cost-effective Way to
Reduce Air Pollution;

(a) Replaces additives containing heavy metals;
(b) Smaller sulphur oxide & sulphate emissions;

te) Negligible particle emissions;
(d) Reduces carbon monoxide & carbon

emissions. Avoids emissions of:
Mtonnes CO2 equlv./m) of fuel ethanol;
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Sr: ~ .JobsIP.J r-::---EtbanollAgro + Ind. E#. Consumer 00 5'""~""''"'.mllJAutomotlY<llnd.

CSf\llajGooo's

Metallurglc.llnd.

Chem.IPt1,ochemlcal

o 100 200

(£11,000 US$/Jobj

Source: Goldemberg, 2002
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...but before proceeding with the cballenges in

productivity growth one can look into the shift of
the l'WDrid Technology Frontier' over time ...

1---;-0-;;; Tech~Ology F~~;~rs. 1-960 and 2000
! W~d
I 1200<I(I ~ _

.'-
j-.....
~,0

I
I

100000 15OOOl1

Capital per WOrker - -,
SOW'C.: UNIDO - lsak .. on, 20015

17

200
~ alow .. !

~ aH1llh .. t

~ 150..
::>

100

50

300

... however the global biofuels market will
be established only if production takes
place worldwide & the industry proves

itself able to continuously advance
technologically for productivity

growth ...

...process that although driven preferably by
the private sector, the public sector

players shall also bring a major
contribution ...

16• ...as the case with the productivity growth of the I
ethanol indusltyin Brazil from 1980to 2005...

,.
==l AboutUS

Ethanol Prices In Brazil

$109/barrel About US

~
~ $90lbarrel l- About us

~j~~:l t3~rrJ~• ~- --'ilQ .- .- .
I .- --.....:"'- ~...:-. ..~.... ...-.~~'.p: -:r--~~-,

'9Q$ 1_~ \~
IRotterdam Reguf., Gasoline PrIces i ."(Aboutu~

$36Jbarrel

I,, - ,- ",,"" - ",." .....
I Ethanol Cumulative Production (thousand mJ) I

Sourcel Gol ..... bIlrg, 2006 updated from Goldltlllberg ,t., 2003

18

... the potential for advancing
technologically & also for continuously

increasing productivity is defined by
investments in three areas of an economy:

(i) R&O;(ii) education; & (Iii) infrastructure,
which are sources of public goods...

... but it is not enough: the actual degree of
utilization of this potential is defined by the
ability of the public sector to create a pro-

productivity business environment...
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" ...& this is carried out with the establlshmen~ byl thepublic sector, of theproper policies, which
can be summarized in Dve groups ...

-------- ------ ----~
~Ex.mpl.

1.Allocation policies to set the right struciure ofT
expenditures on R&D, educatIon & Infrastructure

2. Stabilization policies to minimize macroeconomic
shocks

3. Re-dlstl'ibutlon policies to support the demand for
education & development of the required human

resources for this specific Industry

4. Micro-policies to suppress market distortions, lack
of information & to stimulate production of the chain

5. And occasionally, demand policies to consolidate the
consumption of the "new" commodities

21

...but the maximization of the productivity
performance of a country & of an industry
as the case of the bioFuels, would take more

than a collection of policies ...

...it would need a permanent Framework in
which an array of policies would be

continuously adjusted according to the
distance from the objective, while

maintaining internal consistency & a
convergence drive towards the objective ...

23

... the UN, in general, & UN/DO in particular,
can cooperate with the national public

sector players by transferring the
required knowledge for designing &

implementing the five listed groups of
policies, since they have experience in
dealing with macro & micro (industry}

aspects of a production process ...

20

Estimated Prices
CUSS/tonne)

~ I ...the feas/billty 0; the blodlesel/ndustry depends '
~ I also on results 01R&D throughout the whole chain ....

Potential Market
(mOlyear)

c£1X1~
< 8 X 10· > 1,000

~2,00V

< 1 X 107 >600

> 5 X 10
8L_=====:::::::..._-", < 600

..... """ KU""'., D.• C<>I>&u!f 8/0. P...... _ modo In~"'" 2001, P.n ..... City

22

1. 'll"lhle GDobaD i\liall'lJte~ ffoll' I8DofflUleDs;
- World Energy Matrix (Present & Future);
- Global, Energy & Biofuels Trade;

2. lRoDes off PlIlIbDDC Secll:or PDayers;
- Environmental & Social Challenges & Benefits;
- Technology & Productivity Growth;

3. Possible UN/UNIDO Role;
4. COD1lCDIUISDOD1lS.

"Roles of Public Sector PlayerSl
Iin Global Biofuels Market"

24
" !Potentl~1 E;;';rgY-(BI~m';s~)-~-(2000.2100)I

I ...c:.:::::-~-'l-ri~~ci:~~~~i;~-;;i~;;';;~~,~T--~-·~·
MSW I. A~~II~~I~~rI~._ La!~:~ ~n.j~.n_~~)]

e
ICassavaI Palm. Castor

" Others
II Ethanoll Res. Edible

Oils .. Fats

Sou ..... : UNIPO Analy$l,: amw: Municipal Solid Wutes
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...because production & trade of most blofuels fall
within a complex & Integrated production chain .•.

l
[

I
J

27
..,since strict monitoring of national energy matrices
will be the most critical challenge to ai/countries ...

I (B) Energy Matrix et Year (X + 15.25) I

D D

D D
[ (A) Energy Matrix at Year X (Present) I

Source: UNIDO Staff Worklng Paper, 2006. EE: EnalllY Efficiency: RE: Rel1eWilble Energy

- "Roles of Public Sector Players
in Global Biofuels Market"

1. 1l"ll1IeGDobaD i\liall"llte1i 11011'lSiolllllJeDs;
- World Energy Matrix (Present & Future);
- Global, Energy & Biofuels Trade;

2. !RoDes 011 IPllIJbDic Sec1ioll" IPDayell"s;
- Environmental & Social Challenges & Benefits;
- Technology & Productivity Growth;

3. 1P0ssibDe 1UJINJ/lUJINJDIDliCl!RoDe;
4. Conclusions.

26

... in addition, the UN/UNIDO can assist the
public sector specifically in the planning

& implementation of national energy
strategies for a strict monitoring of their

energy matrices with focus on the
increase of: (i) energy eHiciency (tEtE);&
(ii) renewable energy (IltE) to mitigate

the effects of climate change ...

5oU~1 UNJDO Staff Working Paper, 2006. EE: Energy Efficiency; HE: Renewable Energy

(4)
Policy

Implementation

(C & D) Energy
Use/Supply
Optimization

Cycle

(3)
PoliCy

Formulation

30

(8 I Conclusions (I) I

(1) By the end of the present century biomass (traditional
& modern) may evolve from 11to some 25% of the world

energy matrix;

(2) Although the precise figures will depend on future
technologies for the different energy sources &
carriers, the short ..term market for ethanol &

blodiesel is expectedto grow from 75(2007) to 170
billion Iitres (2015) with 70% ethanol & 31J%biodlesel;

(3) Blofuels, which ere mostly locally consumed
products shall become major int'l commodities (but wi

trade still concentrated within traditional trade blocks); ..
International Conference on Biofuels 45
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- I Conclusions (II) ]

(4) Since sustainable production & use of biofuels are
linked to the reduction of carbon emissions & to

adequate management of arable land, their promotion
maybe linkedto: (I) mitigation of climate change; &

(Ii) reduction of social & economic disparities;

~' Th.... ~., ~ ._,~ ... '00 .. 0" _ ••
production & distribution of biofuels will dependon
technology advancement & productivity growth,

driven preferably by the private sector but guided by
thepublic sector players toestablishtheenabli~L_ conditions for the m~rket to become a reality_; •

33

I Conclusions (IV) I
r--..------- (91 ·s
I 1) Allocation policies (R&D;Education & Infrastructure);

I
I 2)Stabilization policies (minimize macroeconomic shocks);
3) Re-sdistribution policies {development of human resources};

4)Micfo--policies (suppress market distortions);l 5) Demand policies (consolidate consumption);

I (101 The UNIUNIDO can cooperate with national public

I
isector players by transferring the knowledge required
for designing & implementing the above-mentioned sets

of policies, which, in fact should be continuously
revised & adjusted in order to converge to the finalI. objective; .~ ---.J•

35

Thank you
Sergio MIRANDA-da-CRUZ

Director, Agro-Industrles and
Sectoral Support Branch

UN/DO
S.Miranda-da.Cruz.@unido.org

_.un/do.org
Phone; OD-43·1·26()26-33BtilS109
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- I Conclusions (1II)j

I (61 Technology advancement & productivity growth ~ldepend on investments in three areas of an economy: (i)
R&D; (Ii) Education; & (iii) Infrastructure; .~

I (7) But the final ~tilizatl-on of these three sources of ILUbliC 900ds is defined by the ability of the public I
sector to create a pf"O..productlvlty business

environment;
~~ ~ .~

(8) Public sector players are, therefore, expected to
create the required conditions for the biofuels market
to become global through the establishment of proper

policies, which can be summarized in five groups;
~~.. . •

34

- r-----------,Conclusions (V) I

(111 In addition,the UNIUNIDO can assist the national
public sector players in the planning &

implementation of their energy strategies oriented
towards a strict monitoring of their "Energy Matrlces~

with focus in two areas;

r: . ~(12) ...a radical improvement of Energy Efficiency
, (EE) of their most critical energy systems & sectors (in
i terms of consumption). & the sustainable use of energy
L:0urces [through the promotion of Renewable

Energy (REI including biofuelsJ.
.. ~
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SESSION 1-2:

BIOFUELSREGULATORYFRAMEWORKSGLOBALOUTLOOK

Wang Zhongying
Center for Renewable Energy Development, China

This presentation gives an overview of the global market for biofuels and then deals
with development goals, national regulatory frameworks, emerging challenges that
biofuel development is facing, and a snapshot of experiences that selected countries
have so far had.

The world production of both ethanol (38 billion liters) and biodiesel (6 billion liters)
increased in 2006 compared with 2005 (33 and 4 billion liters respectively) and annual
biofuel production in 2006 made up about 3% of the 1,500 billion liters of gasoline
consumed globally. The biodiesel industry was able to double its production capacity
in 2006, predominantly in the US and Europe. Significant expansion of the ethanol
industry took place in the US and the EU in 2005. In 2005 the five top ethanol
producers were Brazil, the US, China, the EU and India, and the top five in biodiesel
were Germany, France,the US, Italy and Austria. New investment in ethanol production
facilities succeeded in reaching US$2 billion in 2006, with more than 45 plants under
construction in the US and Canada and a major program starting in Brazil that should
be able to increase output by 50% by 2009. The investment value of new ethanol
production facHities under construction or announced through 2008 is more than US$6
billion in Brazil, Canada, Franceand the US.

In BrazH,ethanol provided 41% of all motor vehicle (non-diesel) fuel consumed in 2005.
Ethanol was blended with 30% of all gasoline sold in the USwith 15%of it coming from
corn. The ethanol production goal in the US for 2012 is 7.5 billion gallons. In the US,
one third of transportation fuel over the next 25 years could come from biofuels. There,
"corn is king", although constraints such as the necessity to produce animal feed and
sweeteners limit the most optimistic maximum estimates of 15 billion gallons. The
future in the US is definitely in the more environmentally friendly cellulose. In the EU,
biodiesel from 20% of the rapeseed crop was used to provide 1% of the transportation
fuel used in 2005. In the EU,biodiesel has the potential to provide 20-25% of the total
needs. China hopes to be producing 2 mHlion tons of ethanol and 0.2 million tons
of biodiesel annually by 2010, and 10 million tons and 2 million tons respectively by
2020.

Regulatory mandates or targets for blending biofuels have been enacted in at least
30 states and provinces and 8 countries worldwide, most being 10 to 15% for ethanol
and 2 to 5% for biodiesel. There are ES in Canada and Australia, E3 in Japan, ESto
El0 in the US, and El0 in China and Thailand. In Thailand, there are six ethanol plants
using sugar (4) and cassava (2) with production targets of 1 million liters/day in 2006
and 3 million liters/day by 2011. There is also E2S in Brazil. Besides the blending
ratio, the regulations and policies usually deal with such matters as tax incentives and
product standards to encourage production and use. Fuel tax exemptions exist in at
least eight EUcountries and tax credit for ethanol ($o.Sl/gallon) and biodiesel ($1.00/
gallon) producers in the US. In China, subsidies are available for ethanol production
and product standards are in place for both ethanol and biodiesel.
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While policy and regulatory frameworks encourage biofuels development, there are
issues which need to be properly addressed, including the enhancement of biofuels
conversion efficiency, the use of new feedstocks in conjunction with development of
new technologies, competition for land and water resources, aquifer depletion and soil
erosion, preservation of bio-diversity, and impacts on poor populations (e.g. food price
hikes).

(wzhying@public.bta.net.cn)
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B,io-fuels Regulatory
Fram;~iworks GlobalOutlook

''C' Wang Zhongying
~~"' .., .;\ CRED of ERI: NDRC, CHINA

. 'i" ." Willi~m wll1lac~
NDRC/UNDP/GEF Project"

'1'- China '"
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Global Market Overview '

Production of ethanol was 38 billion liters in 2006, up from 33
billion liters in 2005

Production ofbiodiesel was 6 billion liters in 2006, up from 4
billion liters in 2005

Together, annual biofuels production compares to about 3% of
the 1,500 billion liters of gasoline consumed globally

Ethanol provided 41% of all (non-diesel) motor vehicle fuel
consumed in Brazil in 2005

Ethanol was being blended with 30% of all gasoline sold in the
United States

Source: Eric Milrtlnot, R&f1ewables GlObal Status Report 2006 Updala

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Brazil: Ethanol has 40% share of light fuels market in 2005

USA: Ethanol has 2% share oflight fuels market using 15% of
com production in 2005

USA: Potential for 1/3 of transportation fuel in 25 years

G EU: Biodiesel from 20% of rapeseed crop used to provide 1% of
transportation fuel in 2005
EU: Potential for 20-25% of transportation fuel use

. New investment from Archer Daniels Midland, Cargill, Daimler-
Chrysler, DuPont, and Shell for biofuelsproduction

" Ford, General Motors, Volkswagen will increase production of
flex fuel vehicles

Center for Renewable Energy Development (CRED) of ERI, NDRC

2

Contents

" Global market overview
" Development goals for biofuels
" Major regulations and policies
n Major challenges for biofuels development
. Experiences
., Conclusions

Center for Renewable Energy Development (CRED) of ERI, NDRC
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(continued) (

New investment in ethanol production facilities could reach $2
billion in 2006, with more than 45 plants under construction in
the U,S. and Canada and a major program starting in Brazil that
could increase output by 50% by 2009

The investment value of new ethanol production facilities under
construction or announced through 2008 is more than $6 billion
in Brazil, Canada, France, and the U.S.

.gthanol industry expanded significantly in U.S. and Europe in
2005
Biodiesel industry could double production capacity in 2006,
mostly in U,S',andEurope

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Top Five Blo flhenol Producers Top Five Blodle.. , Producers (1005)
(2005)
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I Center for Renewable Energy Development (CRED) of ERI, NDRC I
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biofuels
• EU: Biofuel targets

• 2% for 2005 (1.4%)

• 5.75% for 201 0

• EU biomass production potential (Mtoe)
• 2010: 186-189

• 2020: 215-239 SOUfCll: EU BiamassAction Plan

• 2030: 243-316

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Center for Renewable Energy Development (CRED) of ERI, NDRC
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Major regulations and '
policies by world

Blending biofuels with gasoline and diesel
Tax incentives
Government purchasing policies, market creation
Biofuel compatible infrastructures and technologies
R&D for crop research, technology development, feedstock handling
Education and outreach
Reduction of subsidies where counterproductive
Reduce investment risk of advanced production facilities
Reduction of market supports in tandem with market development

I Center for Renewable Energy Development (CRED) of ERI, NDRC
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PL&J=ioim~"i.i~~fi-im""iRi~",
biofuels

• us: Ethanol
2006: 4 billion gallons (4.2 billion gallons in 2005)

2012: 7.5 billion gallons

Com is king
• Most optimistic estimates: 15 billion gallons maximum (10% of current fuel

demand)

• Constrained by demand for com in other markets (animal feed, sweeteners)

• Poor energy balance and carbon benefits

The future is cellulosic
Potential for 30 billion gallons from prairie grasses

" Additiona.l opportunities from trees, ag residues, garbage
~ Better energy balance & carbon reductions, fewer impacts fmm farming

Center for Renewable Energy Development (CREO) of ERI, NDRC
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Development goars-¥:~=

biofuel
• China

2010
a Bio-ethanol: 2 million tons

• Bio-diesel: 200,000 tons

2020
o Bio-ethanol: 10 million tons
.. Bio-diesel: 2 million tons

I Center for Renewable Energy Development (CRED) of ERI, NORC
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Major regulations an
.policies by world (continued)

In 2005-2006, several countries dramatically stepped up blofuels
targets and mandates.
Mandates for blending biofuels into vehicle fuels have been enacted in
at least 30 states/provinces and 8 countries worldwide. Most are 10-
15% for ethanol and 2-5% for biodiesel.

Fuel tax exemptions exist in at least 8 EU countries, most enacted
during 2005-2006, including France, Germany, Greece, Ireiand, Italy,
Spain, Sweden, UK. Most are 100% tax exemptions.
Tax credit for ethanol and biodiesel producers in the US (-12-15
centslllter).

Brazil has been the world leader in promoting biofuels. All gasoline
must be blended with ethanol and gas stations sell both pure ethanol
and ethanol blends.

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Low-level blends of ethanol and gasoline in gasoline vehicles
E5 in Canada and Australia
E3 in Japan
ES.7-EW in the U.s.

EIO in China, Thailand
E25 in Brazil

Low-level blends ofbiodiesel and diesel in diesel vehicles
" B2-B20 in different countries

EG-E85 in Ftexibbfuel vehicles (FFVs)

Bio-hydrogen in Fuel cell vehicles with bio-hydrogen

A'fiScal support for biofuel development

Anorganization for implementing national strategies

Center for Renewable Energy Development (CRED) of ERI, NDRC

Reduced tax No tal( ,
Austria ~
C,"" ~
france ~
finland Research vehicles

Germany <

Hungary EreE pJanned

Italy <

Poland <

Portugal planned

Sweden ~
&>ain < :
$Io"akia planned I
UnlledKingdom , ,

.". So\Jt"",N._.1 rtsclmember.lale ""m_2005
,

Center for Renewable Energy Development (CRED) of ERI. NORC I
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Major regulations anit pohc es
by countries (continued)

• China

EIO in 9 provinces

Subsides (around US$160/ton for ethanol)

Standards on biD-ethanol product

Standard for biD-diesel product

I Center for Renewable Energy Development (CRED) of ERI, NDRC
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Major regulations and :,
policies by countries

EU
Fuel tax exemptions
Biofuels obligations
A system of certificates

• The minimum sustainability standards
• Amendments to the "biodiesel standard"

The vehicle market
• Encourage public procurement of clean vehicles

• Developing a legislative proposal

Cross-cutting issues
.• The energy crop scheme

• Tile. W'l'itQ ftameWQlt.legislatiafl
To establish national biomass action plens for Member States

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Major regulations anit poliCies
by countries (continued) ,

• us
Federal renewable fuel standard (RFS)
$051/gallon incentive for ethanol
$1.OO/gallon incentive for biodiesel
Oxygenate mandate
E85 filling stations
State RFS and incentives
Cellulosic policy

Extra credits in RFS
~$150 million commercialization grants

, ~ Implementing R&D

Center for Renewable Energy Development (CRED) of ERI, NDRe
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Major challenges for
biofuels development

• Conversion efficiencies and use of new
feedstocks; technology development

Competilion for land and waler resources

o Aquifer depletion and soil erosion

.. Loss of biological diversity (e.g. tropical rain
forests)

,. Resource utilization 10 drive up food prices

Impacts on poor populations

Center for Renewable Energy Development (CRED) of ERI. NDRC
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The Role of Biofuels Affected by the Amount
Land Available and the Amount of Oil Used

C.O.lff 1.•• d ....... IO'\m' PDp.lotlo., MUllon ,",blo<l~.d.l.'_ ' ... d ..... IO'_1oIjI ' .. , .. lIl1onb ..........' -,
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Center for Renewable Energy Development (CRED) of ERI, NDRC9
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Experiences (continued)

• The success story of Brazil
World's leading ethanol producer for several years

In 2005 total of 300 operating plants With 80 added in
2005
New national plan to increase sugar cane production by
40% by 2009 and increase ethanol production by 5
billion liters per year
New investment to exceed 3 billion USD in new plants
through 2008

Source:Eric Martinot,RenewablesGlobalStatusReport2006 Update

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Experiences (continued)
• Progress in Thailand

One of fastest growing markets in Asia
Goal is to replace MTSE in gasoline, use E10
Tax exemption for ethanol production and income tax
waiver for investors first eight years
Production base of six plants using sugar (4) and
cassava (2) with production targets of 1 million liters/day
2006 and 3 million liters/day by 2011

Source:PressreleaseNovozymes,September25,2006

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Experiences
The success story of USA

Tax incentives and investment driving marl<et
Ethanol capacity increased 2.6 billion liters in 2005
Investment in 2005 new ethanol plants was 1 billion USD
New investment in 2006 likely to be 2.6 billion USD for plants to be
constructed by eM of 2008
In 2005 there were 95 operating plants with production capacity of
16.4 billion liters/year
In 2006 about 44 plants were being constructed or expanded

Source:EricMartinot,RenewablesGlobalStatusReport 2006 UPdate

Center for Renewable Energy Development (CRED) of ERI, NDRC

Experiences (continued)
• Progress in India

India is largest producer of sugar in the world and is fifth largest
producer of ethanol primarily from sugar
In 2005/6 India produced 2.2 billion liters of alcohol mainly for
industrial use and spirits
In 2005/6 India produced 200 million liters of ethanol for E5
blending with gasoline (mandated since 2003)
Currentiy experimen1ing wi1h E10
In 2006 about 120 distilleries producing ethanol for transportation
fuel and about 300 total operating plants for all alcohol production
(3.2 billion liters capacity for alcohol)

. Emerging biodiesel production based on Jatropha

Sooroll; USDA Foreign AgficulturalService

Center for Renewable Energy Development (CRED) of ERI, NDRC
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: Experiences (continued)

• The success story of Europe:
World's leading regional producer of biodiesel
Biodiesel production quadrupled between 2000 and 2005; 80% increase
from 2004 to 200$
Mid-2006 EU had operating capacity of 6 billion liters per year
EU proposed target of 8% by 2015
Biofuels tax exemption in France, Germany, Greece, Ireland, Italy, Spain,
Sweden and UK and others (previous slide)
New blending mandates in Germany, 84.4 and E2 in 2005 and Italy, 1%
ethanol and biodiesef blending

Source:EricMarullot,RenewablesGlobalStatusReport2006Update

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Experiences (continued)

• The success stories of France, Germany, Spain
and Sweden:

A fiscal support for biofuels guaranteed for a long term
• Tax exemption

• France: for a limited volume of biofuels

• Germany: a lun tax exemption for unrlmiled volumes of bioluels

An organization for impiementing the strategies of
the introduction of biofuels
• France and Germany: Agriculture sector

Center for Renewable Energy Development (CRED) of ERI, NORC
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Conclusions
Biofuels currently about 3% of world gasoline
transportation fuel use (2005)
Ethanol production doubled between 2000 and 2005
Biodiesel production growth in 2005 was about 60% (due
10 EU)
Ethanol and biodiesel have potential to supply up to 25-
30% of transportation fuels in several high oil use regions
and 100% of transportation fuels in several developing
cOuntries

'Ii' New technologies, e.g. conversion of Iigno~cellulosic
fe:edstocks to ethanol, to capture full potential of biofuels
Potential for damage to environment and food supplies
must be avoided during..@!Dp.J:lp.:in biofuels develoR"m",e",n"I."..,--j

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Experiences (continued)

• Malta, the UK and the Netherlands:
A modest tax exemption: cost~effective biofules

• Encourage to make use of waste oil
• Start a biofuel market at minimal costs

The presence or creation of an end-user market
for biofuels

Petrol company involve
e Car manufacture involve

Center for Renewable Energy Development (CRED) of ERI, NDRC
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Conclusions (continued)
Biofuels development should be done with consideration
of:

no effect on domestic food production for domestic use;
no increase in pressure on farmland and forest biodiversity;
no increase in environmental pressure on soil and water resources;
no plowing of previously unplowed permanent grassland;
a shift towards more environmentally friendly farming, with some
areas set aside as ecological stepping stones;
the rate of biomass extraction from forests adapted to local soil
nutrient balance and erosion risks,

To establish the related regulations for protecting the world
sustainable development in the same time with
encOuraging'biofuel development.

Center for Renewable Energy Development (CRED) of ERI, NDRC
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SESSION 1-3:

BIOFUELSOPPORTUNITIESAND CHALLENGES:DEVELOPINGCOUNTRYPERSPECTIVE

Mariano 5. Salazar
Department of Energy,the Philippines

This presentation focuses on the policy framework of the Philippines for biofuels, an
emerging industry which I believe will be a competitive force on the international market
in coming years, and on the opportunities and challenges associated with it.

The government has developed the Philippine Energy Plan to address its energy
sector goals to ensure a more sufficient, stable, secure, accessible and reasonably
priced energy supply and to pursue cleaner and efficient energy utilization. Aggressive
development of renewable energy through the use of biomass is part of the five-point
reform package contained in the Plan and geared toward energy independence.

The Biofuels Bill was signed on January 12, 2007 to become the Republic Act 9367
(RA 9367) or the Biofuels Act of 2006. Its main objectives are to reduce dependence
on imported oil, increase economic activity and boost employment in rural areas,
improve energy efficiency and contribute to improving air quality. It mandates the use
of biodiesel and bioethanol blended fuels. Three months after the Act had become
effective, it became mandatory to blend 1% locally sourced biodiesel (Bl), and two
years afterwards, 5% locally sourced bioethanol (E5)will be compulsory. With Bl and
E5, we expect displacement of 78 million liters of fossil diesel or a foreign exchange
saving of US$50 million in 2007 and 255 million liters of gasoline or US$184million in
2008 respectively.

The blends may be increased to B2 in two years and to ElO in four years if determined
feasible. These minimum blend requirements apply to the whole transport sector,
including marine and rail transport. The power and industrial sectors are also covered.
The entire program is comprehensive and is going to run for 5 years. In May 2007, the
Implementing Rules and Regulations (IRR)of Republic Act 9367 were published.

International Conference on Biofuels 55

The Act also offers incentives. Among them are tax savings, including VATexemption,
exemption from wastewater charges, zero specific tax on local or imported biofuels
components and government financial assistance. These are without prejudice to
enjoying applicable incentives and benefits under other existing laws and regulations,
which include income tax holidays (ITH), additional deductions for taxable income for
labour expenses, duty exemption on imported capital equipment and so forth.

The initial focus is on coconut oil and sugarcane as the main feedstocks for biodiesel
and bioethanol respectively. However, development of other feedstocks has been
under way including jatropha, cassava and sweet sorghum. To meet the E5 target,
some 64,000 ha of land is required if it is sugarcane based, and so for this purpose the
5ugar Regulatory Administration (SRA) has identified about 65,000 ha for conversion
from sugar to bioethanol. More than enough refinery capacity is currently available for
meeting the Bl target and superfluous capacity exported.

There are challenges that biofuels face. The cost of biofuels is higher than that of
petroleum fuels. Thus it is necessary to reduce the production cost by, for example,
constructing facilities where other high-value products can also be produced, as in the



coconut industry, or incorporating co-generation capabilities to cover in-house energy
requirements. Deforestation and excessive use of pesticides or loss of biodiversity
have to be prevented. In this connection, new technologies have to be developed to
improve crop yield and biofuel production. Our program also attempts to address the
displacement of food crops for biodiesel, and to this end, jatropha, which grows in
marginal lands not suitable for food production, and crop wastes or grass are being
looked at.

In concluding my presentation, I wish to express our hopes for the development of
a South-South dialogue and cooperation with other developing countries towards a
regional biofuels plan.

(msalazar@doe.gov.ph)
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BIOFUEL OPPORTUNITIES and
CHALLENGES: DEVELOPING

COUNTRY PERSPECTIVE

Mariano $. Salazar
Undersecretary

Philippine Department of Energy
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Putra World Trade Center, Malaysia
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rfj~~-~ ~ TheGo~ernll"lCnloflhe ~
, Phil'PPlOe Repubhc .,

~ ~~'q IttlI~rWI~\[ "(ij~I~Increase reserves of indigenous fossil fuels

. ~ Aggressively develop renewable energy

potential

~ Increase use of alternative fuels

o
5

~ Form strategic alliance with other countries

~ Strengthen and enhance energy efficiency

and conservation program

The Blofuels Bill
signed Into law on Jan 12, 2007 as RA9367

}> Objectives
To reduce the PhHlpplne's dependence on imported oil

ii. To increase the economic activity In the country and boost
employment

lH. To improve energy efficiency
IV, To contribute in improving air quality

};> Mandates minimum bLend into all diesel and
gasoline fuets for as follows:

1%biodiesel within 3 months from effectivity of the Act
'1, 5% bloethanol within 2 years from effectivity of the Act

» Future increase in mandatory blends to be
determined by the Biofuels Board

2

PHILIPPINE ENERGY PLAN
FRAMEWORK

ENERGY SECTOR GOALS

Economic growth
Poverty allevlltton
Market~sed'ndusby

• Ensure more sufficient,
stable, secure, accenlble &
reasonably priced energy
supply

• Pursue cleaner & efficient
energy utilization & cleaner
energy technology eppllcations

• Cuttlvate strong partnership &
collaboration with key
partners & stakeholders

• Empower and balance the
int9r'e$\ of the-...,gy pubUa

4

Phlllppine Blofuels Policy Framework

» measure to help address energy security
(especially in light of oil supply security
concerns and the impact of oil price increases)

~ basic policy framework
.. public policy to establish mandatory market and
standards to jumpstart private sector investments in
production and infrastructure support facilities

;;.establish policy framework and support facilities to
ensure security of feedstock suppty and investments in
suppty infrastructure

6

Blofuels PrOflramTargets

I ~ Target per major feedstock
I > 5%. 10%ethanol blend with gasoline for

I vehicles by 2010
> 1%·2% CMEblend with dieseL fueL for

vehicles in 2010
> viabili~y ~tudy for jatropha curcas potential

as a blOdlesel
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Pursuing Blofuels Use In Various Fronts

A ) The Biofuels Act of 2006 mandates the use of
Biofuels in the:

1. Transport sector

2. Power or Industrial Fuel Sector - tests were
conducted
... DOST's RambLon eME tested at Tablas NPC Diesel Plant
~ Establishing separate standards for industriaL use

Renewable Energy Bill is expected to encourage use of
renewable energy to power generation systems

B) Alternative fuel for cooking - innovative stoves
being developed locally that can use biomass
residues, biogas, coal briquettes, plant oll or used
cooking: oil

7

9

00
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National Biofuels Program
Tlmeline of implementation

81,.d., .. "lIIl><d«,..'«!I 'AA'~",,,,
-J .... u.,,,

Incentives under the Blofuels
Law
). Financial Assistance - Government financial institutions

accord high priority to extend financing in activities involving
production, storage, handling and transport of biofuel and
biofuel feedstock including the blending of biofuels with
petroleum, as certified by DOE

8

10

12

Potential Fuel Displacement

Biodiesel

Blend
Dt.esel Displacement

(million liters)
fOREX Savings
(million USS)

'0
110

133

Nationwide

1% 78 (ZOO7)

2% 173 (2010)

2% 209 (2Ql~),

I
· Bioethanol

Blend
Gasoline Displacement

(million liters)
255 (2001)

565 12010)

721 (2015}

FOREXSavings
(million USS)

18<

40',,,10%

Assumption"

mesel price; P3211ller. Geso~ne price :P361liler

Exchange rate: P5OI$

Incentives under the Blofuels Law.....
)l> Specific Tax on local or imported biofuels component per titer

of volume shall be zero. Gasoline and diesel fuel component
shalt remain subject to the prevailing specific tax rates

,.. Value Added Tax- Sale of raw material used in the production
of biofuels shaH be exempted from VAT

,.. Water Effluents - all water effluents, such as but not limited
to distiUery slops from the production of biofuels used as liquid
fertilizer and for other agricultural purposes are considered
"reuse" and therefore exempt from wastewater charges under
Section 13 of R.A. No. 9275, Phil. Clean Water Act

Incentives for Blofuels Projects

~ The production and utilization of biofuels is
an activity covered by the Investment
Priority Plan being an alternative fuel for
the transport sector and a major component
of the "Alternative Fuels Program" of the
DOE.- source, BOI

International Conference on Biofuels
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Incentives for IBlofuels Projects

Under EO 226

~ Income tax holiday
}> New registered pioneer firms: 6 years from operations
}.> New registered non-pioneer firms: 4 years from commerciaL

operations
}> Expanding firm: 3 years from commercial operations or

expansion
} Notes: Pioneer finns - biofueL projects with investments of

over P1 billion
);> Non-pioneer firms- biofuels projects with investments

below P1 billion

;0. Additional deductions from taxable income for labor
expense

15

Incentlvu for Biofueis Projects

Under RA 7196 or the PEZA Law:
}> ITH or exemption from corporate income tax for 4 yrs
}> After the ITH period, option to pay 5%tax on gross income, in

lieu of all nationaL and LocaLtaxes
;.. Exemption from duties and taxes on imported capital

equipment, spare parts, supplies and raw materiaLs
)- Domestic saLes alLownce equivalent to 30% of total sales
)- Exemption from wharfage dues and export taxes, imposts and

fees
)- Other incentives under EO 22.6, as may be determined by PEIA

Board

Under RA 9337 or R-YAT Law:
)- Zero percent (0%) Rate for Ethanol and CME

17

Bioethanol Program
Activities needed for 5%-10% gasoline blend by 2010

'7%63,810

135,000 35%

171,667 4

Incentlvu for 81ofu81sProjects

Under EO 226',I >- Duty-exemption on imported capital equipment,

I
spare parts and accessories

}i> Exemption from contractor's tax, whether national or
local

>- Tax credit for taxes and duties paid on supplies, raw
materials and semi-manufactured products used in
the manufacture, processing or production of its
export products

}i> Exemption from wharfage dues and any export tax,
duty impost and fee-for non traditional export
products by registered enterprise

16

Bloethanol Program
Actions completed/ongofns

Policy Action/Program Activities
... T echnicat, economic &. pricing study on production and use
, PromuLgation of standards and accreditation procedures (ongoing)
Y Multi-sector/inter-agency linkages
Supply InfrastructureI,. BioethanoL imports (encouraged by reduction in tariffs)
;;. Blending facilities/distribution network: use of existing

downstream oiLindustry infrastructure
• voluntary E10 blend available at pump since Aug 2005
• El0 available in all 104 Seaoil stations nationwide and in 4 Flying V
and 31 Shell stations in Metre Mani\a

. Technology
, Laboratory and engine testing
'" Availability of flexi-fuel vehides

• incentives: reduction in tariffs via EO
• investments: Ford Philippines FfV plant online by 2008

18

Bloethanol Program
Activities needed for 5" ·10l1 .... 1I"" blend by 2010

ii. BioethanoL capacity

794 million liters per year potential bioethanol producers;
( 30 milLion- liter NDC-Bronzeoak plant operational by end
2008 )

Petron committed to purchase 500,000 Liters/day of
capacity from Bronzeoak

Conversion of existing sugarmiLls will take 6-8 mos;
greenfieLd facilities to take 18- 24 mos
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Bloethanol Program
I Activities 0etdtd for 5% -10% a&soUoe blend by 2010
I
I, Blending facilities and distribution network: reliance on existing

downstream oil industry facilities

~ Supply of feedstock, with initial focus on sugar-based ethanoL

• For expansion: SRA surveyed areas totaling 194,596 hectares.
Independent firms surveyed areas totaLing 102,000 hectares

• Areas for conversion (100% shift from sugar to ethanoL) as
dedicated ethanol districts totaling 65,519 hectares

21
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Total ExIsting Plantation Hectarage
Feedstock Area Feedstock Bioethanol Production Equivalent

Type Planted Yield: Yield Cost (Php)/ Cost of
(hectares} (thousand (miltion Mr Bioethanot

metric: tons) liters) feedstock (PhpJ

Sugarcane" 389,421 23,981 1636 1300-1400 33.52-35.93

Com·' 2,442,000 5,254 2102 6940-7500 39.72·41.76

Cassava 205,755 1,641 295 3000·3500 40.62·43.62

Sweet Under "Sorghum study

B""",u of Agrkul'ural Slali"i",_ OA ; Sugar RCgIlJol<lry admi"imo'ion - SRA : .2(0) dat. for '"go. ""n"
•• 2005 <IJIJa fru- .,>m
rrodUCli,"ity ... umplion"
Sugarcane; I ha. ~ 6() MT , I MT ~ 70 li[<" Elhanol
Corn: IMT~400li'e"Eth"",l
C .... "", i MT_ 180 1;lCrslbj<>eth"101

'--
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Pollcy Action/Program Initiatives

::;. Passage of the Biofuets Act of 2006

" Technical, economic & pricing study on prOduction & use
;.. Standards promulgation in May2003
.. Accreditation procedures in place
;.. M( 55 mandated use of 1%(ME by Volume in the diesel

requirements of government vehicles in Feb 2004
;;- LGUs,particularly, Baguio, Isabela, and Davao, issued a

resolution encouraging the use of (ME by all its motorists.

Blodlesel Program
Completed and onaolna activities

Technology
~ Laboratory and engine testing
... Numerous studies conducted

60
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Bloethanol Program
Actlvttt&S "Meted for 5% -10% Illisoltne blend by 2010

Technology
~ technology compatibility and further engine testing
~ capacity building for vehicle maintenance and repair

Development of other bloethanol feedstock
(e.g"cassava, sweet sorghum)
)..-research and development for compatible technology
r promulgation of standards
). supply chain and feasibility
» additional land area required

lEe and Market Development
~ Tri-media campaign, consultations, seminars

22

Blodlesel Program

I l> Two possible blo-dlesel feedstock

,.. Coco-Biodie5el or Coco Methyl E5ter (CME):
1%to 2%(ME blend with diesel fuel for vehicles by 2010

> Jatropha Methyl Ester (JME): Targets to be set
after viability and pilot study

l> CMEis commercially available while JMEis
in its pilot testing stage

J
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Blodlesel Program
Completed and OOao1nRactivities

BIODIESEL PRODUCTION CAPACITY

, Supply Infrastructure

I ~ (ME biodiesel supply available
locally,
Refinery capacity already

t meets B1 req'ts; excess

I
capacity exported at the
moment

")- Blending facilities/ distribution
network: will use existing
downstream oil industry
infrastructure

'" Pre-blended 1% CMEor B1
available in dispensing pumps

International Conference on Biofuels
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Accredited Biodles"l Producers
Chem",z Inc. 75.00

senbel Fine Chemicals Inc. n.oo
Romtron PhUippin~ 0.30

Freyvo.me Mllllns Servtces lS.6O

Golden .ulan OU International, Ine. 30.00

-MI:. Holly(oco 4.00

'Pure Essence 60.00

Sub·Total 256.90

Note: • ~ provisional accreditation

Blodteset ProducersforAccreditation
Atson 24.00

LionChemical Corp. 6.00

Sub·Total 30.00
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Biodiesel Program
ActMt!es needed for 1% - 2% '"""" bI&nd by 2010

Required Polley Action
,. Biofuets Act signed on 12 Jan 2007

Supply Infrastructure
j;> Biodiesel supply available locally
y Existing downstream oil industry infrastructure may be used as

blending facilitiesl distribution network
Supply of Feedstock

Btootesel
Year Blend

Requirement
(million
lll~.. r)

2007 1% 78
2009 2% ,..
2010 2% 173
2015 2% 209
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~ CHALLENGES AND OPPORTUNITIES
> Cost of biofuels higher > Construct Biofuel

than petroleum fuels production facilities
with cogeneration
capability for plant's
in-house energy
requirements

> Biofuel facilities that
can produce other
high valLIEproducts

> Increased biofuel > Develop newproduction may lead technologies to
to deforestation.
excessive use of improve crop yield and

pesticides I fertil hers, biofuel production

,
(ass of diversity

29

~
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CHALLENGES AND OPPORTUNITIES

> Biofuel crops > Accelerate
displacing food crops development of other
in productive lands, biofue\ feedstocks
hence, compromising such as crop wastes,
food security grass or municipal

waste

,

L-J . -
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Biodiesel Program
Aetlvltles needed for Higher Blodlesel Blends by 2010

30

Technology
:0- technology compatibility and further engine testing
;.. capacity bUildingfor vehicle maintenance and repair

Development of other possible feedstock (e.g.,jatropha)
;.. research and development for compatible technology
;.. promulgation of standards
,. supply chain and feasibility
>- additional land area required

lEe and Market Development
>- multi-media campaign, consultations, seminars

~

,_ ....

CHALLENGES AND OPPORTUNITIES

> limited availability of > Car manufacturers
biofuel·ready vehicles should produce cars

that can us.epure or
blended bioluel,

> Biofuel crops > Develop biofuel

displacing food crops feedstockS such as

in productive lands, Jatropha that grows in

! hence, compromising marginal lands not

food security suitable for food
production

'--

Tlilamk VOU.- - - - - . -- - ..

amd
Mabuhay!,
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SESSION 1-4:

PRODUCTQUALITY& STANDARDSPECIFICATIONSOFBIOFUELS:
ISSUESAND DEVELOPMENT

CandaceVona
Hart Energy Consulting, USA

Hart Energy Consulting's International Fuel Quality Center (IFQC)is a provider of market
and regulatory data and analyses on both conventional and alternative fuel qualities
to organizations all over the world, while the IFQC'sGlobal Biofuels Center (GBC)acts
as a central, non-biased source of verified information on the rapidly growing biofuels
industry.

Energysecurity is the number one driver to facilitate growth of global biofuels, followed
by supply and sustainability pressures on fossil fuels. Biofuels are not really a threat to
the fossil fuel industry but a synergistic opportunity for both sectors to work together
to meet the growing demand for transportation. Alternative fuels accounted for only
4% of world transportation fuel demand in 2005, with ethanol comprising 23% and
biodieseI4%.

It is vital that a quality standard be set that guarantees the protection of equipment
and engines in which the fuel will operate. A standard is necessary to establish regional
and global trade in biofuels and so-called "first generation" biodiesel in particular, but
should not preclude potential new sources of low-cost feedstocks. This presentation
analyses and presents experience from around the globe of establishing and maintaining
a suitable biofuels quality standard.

The quality of biofuels produced depends on the feedstock available and used, e.g.
soya for biodiesel and corn for ethanol production in North America. Sugar cane is used
to produce ethanol in Brazil. In both Asia and Brazil there are many types of feedstocks
for the production of biodiesel. Current blending limits for biofuels are indicated by
country on the slides. Ten percent blending is usual with ethanol (El0), while biodiesel
limits vary considerably, from two percent (B2) to Bl00 in some cases.

In the U.S. it has been found that at least half the biodiesel samples on the market were
not meeting the basic standard in place, which demonstrates that to have a standard
is one thing, but it is also essential to have a fuel quality monitoring system in place to
make sure that the standard is actually met.

International Conference on Biofuels

The EU introduced the biodiesel standard EN14214, which was very thoroughly
developed on the basis of the primary feedstock in Europe, rapeseed, but precludes
the use of several other potential feedstocks. An ethanol standard known as EN15376
is in the pipeline. In the U.s., biofuel standards are set by the American Society of
Testing and Materials (ASTM)and it is essentially not mandatory to follow the standard.
However, it is mandatory to follow the federal standard for the finished gasoline and
diesel blends.

Asia is not a one-policy region for conventional fuels and certainly not for biofuels.
However, conventional fuel quality mainly follows European standards and biodiesel
quality has followed a similar path. The 15 member countries at the 2'd East Asia
Summit in the Philippines signed the "Cebu Declaration on EastAsian EnergySecurity,"



working towards harmonization of standards and free trade in biofuels. There are other
initiatives underway to discuss a harmonized standard, led by the Asia Pacific Economic
Cooperation (APEC)Biofuels Taskforce and the tri-partite discussions between Brazil,
Europe and the u.s.

Essentially, Brazil is leading the way in creating a global biofuels market, starting with
ethanol. Brazil is also calling for harmonization of ethanol specifications, bringing
about such benefits as growth in the international market, turning fuel ethanol into
an energy commodity, easier quality assurance, product certification and traceability
standardization, as well as wider product acceptance. There is also the "second
generation" biofuels debate, which will have some effect on the standards already in
place.

In conclusion, performance-based standards are necessary to ensure that biofuels are
fit for vehicles, compatible with fossil fuels and can be handled in existing distribution
systems.

(info@ifqcbiofuels.org)
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WhoAreWe? .. 0
~- upstreall· .

.

.t:.!U' • Provides global data.' ana.lysis and reports covering the fOllowing topics:
_ - Production and consumption of bjofuels

Do stream 11 -Existing and planned production facilities alld capadties
wn _ Fiscal policy and IncentiVes

I-Vehicle technology developments as related to blomels
- Biofuels legislative and regulatory policy

...... i_Emerging technologies
~ NiJE.1etters - Biofuel quality specifications and regulations.

~ .. Consultants serve as a resource, fadlitator, networker for our members

Provides a neutral forum to discuss current issues through members-
only Briefings, Webinars and other forums

NOT an advocacy group! We do not take positions but strive to present
the best information available on the global blofuels market!

1

Product Quality & Standard Specification
of Biofuels: Issues and Development

Candace Vana
Executive Director, Middle East & Asia
International Fuel Quality Center (IFQC)

Global Biofuels Center
cvona@ifgc.org
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2

Presentation Overview

• About the GBe
• Drivers and Feedstocks
• Global Overview of Biofuel Standards and Blending

Limits
• Technical Issues Affecting Quality
• Overview of EU, US and Asian Biofuel Standards
• Quality Issues and Future Developments
• Conclusion

4

What is the Global Biofuels Center?

6

IFQC & Global Biofuels Center:
Membership and Coverage Global!
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7
Common Drivers Facilitating

Growth of Global Biofuels

o Energy security '" #1
Poverty teoductlon & ru",1 Job c ..... U<>nIn

;. N.tlonel lIIcurity
:,. Climate change

Air quality Impl'OV<Imenl
,. MTBE& Lnll .wllth Dul;0<;\11""

.nhan~m.nt

o Global Energy Demand to gra ....
40% by 2020 '" supply &
sustalnabitity pressures!

;.. Rallnlng Cepolclty ealureled
;. Crude oS product supply constraints"

re<:<>rd high prices
;.. Mont petroleum U68 leeds to Increased

GHG emissions
C02 Impact on Climate Change
CI.fb<)l\ CtlIdit TredlngOpportunlUu for
blofuflill

9

Common Biofuels Feedstocks

11

O Current Ethanol Blending Limits for
. Conventional Gasoline
~

)

15..,01% m8X I-WartH-!Ho blends or data not av"u:ablel
_:GIobaI_cemer.I.I8ll:h2IXJT

~~:~,':"""....:~~':;',o:'"'"DO'" """"""" III illE ENERGY CONSULTIN

66

Biofuels v. World
Transportation Fuel Demand

Worldwide Transportation
Fuel Demand (2005)

ElSE
1%

10

Countries With Biofuel Standards

12O,--__current Biodiesel Blending Limits

)

12 vol% maxIM.eN"b"fNo b1en(\o or data nOl avail,blll
SQun;s: Glot>aIlJiofuols C_.Mafl:Il2fXJ7

International Conference on Biofuels



._-- ----

13
TechnicallssU8S Affecting Quality

Examples Abound Globally!
..--,:.""...."""...--,

Sampling in the U.S. found at
least half of biodiesel samples

out of spec for the basic
stand~.rd in ~ce!

-:- Must enable vehides to meet emission
roles

-:. Penneation issues related to ethanol
.:- Ethyl sulfate isSue related to ethanol
... COrrosion. add value
.;. Injector fouling

15o EU Bioethanol Standard Progress

• CEN Taskforce working on European ethanol standard
since 2004, now practically finished:

known as pr EN 15376
io\{()lves experts from Auto, Oil, Agricultural industries
specifies ethanol as a blending component at up to 5 vol%
many new measurement standards developed
takes into account specific requirements of ethanol distribution
and use in Europe:

./ low water content

./ range of nonRharmful denaturants

./ level of impurities that will not hann exhaust gas
b"eatment systems when used at up to 5%

Draft Standard to be released Summer 2007

17
US Biofuel Standards

The American Society for Testing and Materials (ASTM) sets
standards for

- Denatured fuel ethanol (ASTM D4806-06a)
- BlOdIeseI (ASTM D67SH16b)

E85: seasonally adjusted to ensure proper starting and performance
in different geographic locations
- cal\fQmla sets Its (I'f«I speOflCations. fQf ES5

No approved B100 specifications; generally not recommended by
manufacturers for use in existing engines
ASTM D 6751 is the specification fOr biodiesel fuel blendstoek
(B100) for blending up to 20 vol%
The Defense Energy Support center (DESC) already had its own
Bl00 specifications prior to the adoption of ASTM D 6751
- Difference between DE$C spedfkations and A$TM D 6751 is that DESe requires

blend compooent:s: to meet separate spedflcatJons for both the diesel fuel under
A5TM D 975 and D 6751, as well as to adhere to DEse's bIeodlng procedures

14o EU Biodiesel Standard

• CENTask Forceworked on a Biodiesel
specification - EN 14214: 2003 (FAME)

methyl ester based on knowledge of existing oils,
mainly rapeseed, sunflower
involved experts from Auto, Oil, Agricultural industries
fuel can be used at 100% in adapted vehicles, or as a
blend component in conventional diesel fuel

,/Used up to 5 vol %(B5) in EN590 diesel fuel
,/Used up to 20 vol% (B20) & 30 vol% (B30) in

captive fleet
,/Used as a finished fuei 100 vol% (Bl00) in

Gennany for adapted vehicles

16o Future Trends for EU Biofuels Standards

• Engine technology is being driven to high levels of
sophistication due to:

customer expectations for drivability power, low maintenance
reduced fuel consumption t C02 (130 mg C02/km by 2012)
increasingly severe exhaust emissions regulations (Euro 5 & 6)
more space for vehide occupants tless space for engines
down-sizing engines

• The Auto Oil Programs have shown that engines are
sensitive to fuel quality. 50 engine progress must be
matched by progress in fuel quality to adapt fuels to
engine needs .

• The presence of biological components add an extra set
of fuel characteristics that may compromise good engine
drivability and durability.

18

o Asian Biofuel Standards

Diverse, not a "one-policy" region
Conventional fuel quality mainly follows EN standards; biofuel
quality also similar path
Japan: JAMA/METI findings that neither ASTM nor CEN biodiesel
standards are acceptable standards for Japan because of oxidation
stability, corrosion and add value
Promoting biofuels through international and regional cooperation:
J. AsIa-Padtk Economic Coape. atiM (APEe) BkdueIs TasJdorctJ

(2006)
- To cany out two projects ill 2007:

oJ Establish "Guidelines for the OeveliJpment of Iliodie:s:eI Standards in the APEC
Region"

oJ Establish "A/Ierl1ati¥e T",nsport Fuels PoIicV 0pI;i0ns for APEC EconomIes-
z. znd East AsIa Summit (Philippines, January 2007)

15 member countries signed the"cebu Dedaratiofl on East Asiall Energy

"'"ritv"
- Wor1dng toward harmollization of standards and free trade ill bIofueIs

International Conference on Biofuels
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o Comparison of Biodiesel Specifications

2007lnlern,,!IOnaf 810fuels COllference Orglln1leO by MP08 RG
Kunia Lumpur M[I!ilySlo July S6 ENE Y CONSUL TIN

20

o Comparison of Fuel Ethanol Specifications

.".,,,,,'_1101'1
Ethanol. VQI.%, min

Walef, VOl'll.,max
Dells; al lO'C, k ,rJ max
Flash pc;n!, 'C, max

Refractive Index, R2', lIMn
Gum, liOlven! washed. rng/l00l1l1, max

Chlcmde, ml)ll (ppm), mID<

Copper content, mgJI (ppml. max
Methanol. vol.'Il., rnax
Acetic Acid, gIl, 100% EtOH, max
Aldehydes, gn. 100% EtOH, max

Amyl AlCClhol. gII, 100% BOIi', 'TIu

Non·vola~le matter,!JI100m1, max

Color, APHA, max
Denaturant. vol% min-max

Sulfur, pprn, mall
Electrical Conductivity, IJSJm, max

AppullJ<TCe

."

20071nternallonal BlOfuels Conference Organized by MPQB IU " DT
KU31a Lumpur MalaySia July 5 6 LJ. 1.1"1 ENERGY CONSUL TIN

68

•
ASTM D .c8oe-06c (1)(2)

AnhYdl'O<.lll (i) Anhydroua I Hydrated (1) Denatulllhd 9thanol
.hit. 2002 AP/1IZ001 ",.. ClI,..nt "..

'" 112.1 99.5 99.8195,8 . 92,1

0' ", 0,3/6,5 '"791,5 789.792 7" 790/608,4."
1.3616/1.3630, '.0

" 40/32
007 OOR(l) 0' 0.'

" '" 0.002 "0.03 0,056 0.03 0.0025 (2) 0.007 I0,056
000 0.0025 (2~

0.05
0.005 0.005 0.01

5 (2)
3,0 (5) 1.96-4.76{3) «, 1,96-4,76{4)

"." "0
Clear&. BrigIII a.."r & Bright CJear without particles Clear & Bright

6.5_9.0(4) ''l 6.5 -9.0

D
More stringent than the others!
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Bioethanol Quality Issues

Positive Negative I Concerns

"Higher 02 ./ Increased volatility (RVP): evaporative emissions
content impact
(better " Water content increased
combustion corrosion of components
and lower
emissions) water separation, engine damage

./ Higher solvency: materials compatibility and

"Octane
permeability

boost., ./ Residual acidity
./ External Contamination
./ Valve deposits! additive compatibility (E85)
"'-Sulfates (fuel metering systems, cause filter
plugging and injector fouling)

Biodiesel Quality Issues

Negative I Concerns

.....!ncreases nitrogen oxides emissions

./ Higher solvency: Problem of materials compatibility
and permeability
,fPf1ysical state of biodiesel component depends on
feedstock: Rapeseed: liquid @ OOC• Palm oil: solid @
DoC, iodine levels (rapeseed: 110-115, soja 12S-140mg)
,(Cloud point and cold flow: impact on CFPPand
additive performance (cold weather conditions)
"'-Oxidation stability: increases deposits in engines
and in storage
.IHigher boiling components: potential to enter lubricant
system
...-Ash and other contaminants picked up in
manufacturing and transport

25o Trend: Global Trade of Biofuels?
Brazil Leading the Way",

• Driving the creation of a global biofuels market - mainly on
ethanol, but will include Ijiodiesel as well.

• Brazilians calling for harmonization of ethanol specifications,
bringing about follOWing benefits:
- Key for international market growth
- Key for turning fuel ethanol into an energy commodity
- Easier quality assurance
- Product certification & traceability standardization
- Wider product acceptance

• Also calling for lifting of tax barriers that are prevenbng
growth of global tracte market, e.g., U.S. tariff

• International Biofuels Forum
• U.s.-Brazil Partnership: What's it all about?

22

RVP and Ethanol Content in Gasoline

GASOLINE·ETHANOL MIXTURES

•i1O~ I
';60

"-~5D r " 1::l4D

f.
"-•~"

::: lD

0
0 '" " '" '" '" • ro • '" ,.

ETHANOL CONTENT 1% VNl

24

G International Conference on Biofuels
Standards Conclusions:

Ensure "fit for purpose~ performance .
One standard or separate for low & high blends (eg. E8S)?
No discrimination of feedstock Without technical reason
Enable designing new vehicle technologies to meet
today's and tomorrow's emissions
Reliable quality requirements
Differing manufacturing and distribution, vehicle mix and
eqUipment
Stable reference materials
Effects on lubricants; use of additives
Simple and harmonized test methods. Test methods
suitable for all feedstock & reflecting fuel performance
Cloud point and cold flow important for biodiesel
Improved oxidation stability (test) needed for biodiesel
Ash and other contaminants picked up in manufacturing
and trans art

26o Trend: "Second-Generation" Biofuels
Example: Renewable Diesel

• Example: Renewable diesel, green diesel or biomass-to-
liquids (BTL)

• Tests are shOWing:
~ Higher quality diesel fuel: free of sulfur and aromatics,

very high cetane
~ Uses diverse feedstocks, can help avoid "food v. fuel"
» Fits into distribution and logistics infrastructure
~ Reduces exhaust and GHG emissions
~ No storage issues
" First plant being buiit by Neste OiifTotal in Porvoo, Finland

• Accepted as biodiesel in Europe and BraZil, but not the U.s.

;'";','~:::":,"':',':":,;",;;;:'::"""" 0>"_ "","''00 1iiTRf; ENERGY CONSULTIN
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27o Conclusions: Ensuring Biofuel
Product Quality

Standards are necessary to ensure that biofuels are fit for
purpose for vehicles, fuels and fuel distribution systems!

Ethanol:
.. Standards:

- Ell standard for higher bler.d (EBS)
- US- Ethyl sulfate issue pendiog before ASTM

:r Consumer Confidence:
- Japan: Gaiax inddent -litigation -lack of consumer confidence
- Australia: ladl: of consumer CQnfidence
- Bralil: Adulteration

" EU: RVP and penneation iSSues being discussed
Blodlesel:

... Japanese MEn findings that neither ASTM nor CEN standards are acceptable
standards fur Japan because of oxidation stability, corrosion and add value.

""~~~~~t~~~;;::~~Basta~~issues reported by refiners, AGQM founded to

Global Trading Bnd Standards Hannonlzation
Second Generation Slofuels

28
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hli@jfqc.om
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SESSION 1-5:

BIOETHANOL: THE BRAZILIAN EXPERIENCE

Osvaldo Kawakami
Petrobras Tokyo Office, Japan

Petrobras is an integrated Brazilian energy company operating from upstream to
downstream in the oil and natural gas sectors and has gone into the field of renewable
energy, including bioethanol and biodiesel.

The Brazil Ethanol Program started back in the 1920S when a car was tested to see if it
would operate on fuel containing 10 percent blended ethanol. In 1929 a car was driven
the 500 km from Sao Paulo to Rio de Janeiro without any problems on 100 percent
bioethanol produced commercially in Brazil. Two oil shocks in the 1970S - at a time
when the country was an oil importer - stimulated Brazil's search for a solution with
alternative fuels that might be available domestically in a country with enough arable
land to cope with growing needs for energy as the country developed. In 1979 Brazil
started to produce the car that could run with 100% ethanol engines (Fiat). Now, Brazil
is the biggest exporter of bioethanol in the world and the second biggest producer of
bioethanol, only after the USA.

Constant technology development led to the launching in 2003 of the Flex Fuel Vehicle
(FFV), which can run on 100% gasoline or 100% bioethanol or any mixed proportion of
the two. Brazilian consumers now have a choice of fuels at the gas station. During the
year from May 2005 to April 2006, one million new FFVs were sold in Brazil and FFVs
accounted for almost 80 percent of the new cars sold in the month of April 2006. Soon,
FFVs will comprise 90% of total car sales in Brazil.

Some people argue that Amazon rain forest is being destroyed as more ethanol is being
produced from sugar cane. I do not believe this to be the case because in fact Brazil's
sugar production is focused on the states of Sao Paulo, Alagoas, Parana, Minas Gerais
and Mato Grosso and not on the Amazon rain forest area, as the slide shows.

Why is sugar cane used so extensively as a feedstock for ethanol? It is simply because
the energy balance is best with it. More specifically, with 1 unit of energy input, sugar
cane grown in Brazil can be converted into ethanol that has 8.3 units of energy. If corn
produced in the USA is converted into ethanol, with 1 unit of energy input, only 1.3 to
1.8 units of energy output results. There is a significant difference in the energy balance
in favor of sugar cane as the feedstock relative to other kinds. Besides, the cost of
producing one liter of ethanol from sugar cane in Brazil is U$0.20, whereas in the USA
and India it is more than US$0.30 and more than US$0.50 in Europe.

Some argue that bioethanol should also be produced in Japan. However, land there
costs 20 times or even more than land in Brazil. Brazil has about 90 million hectares of
land available to develop new plantations, with low negative impact on the environment
and ecology. It makes more economic sense for Japan to buy bioethanol from Brazil
rather than producing it domestically. Petrobras has been investing in the construction
of pipelines and marine terminals to ensure reliable transportation of bioethanol for
export.
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There are countries that are endowed with biomass resources and wish to start
production of bioethanol in a sustainable way, thus reducing dependence on imported
fossil oil. Petrobras possesses experience, knowledge and technology and is open
to transfer technology. Therefore it has been establishing strategic partnerships with
those countries, which include Indonesia, Mozambique, Chile, Colombia, Italy, Tanzania,
Angola and others, to help them achieve their wishes.

(osvaId0 -kawakami@petrobras-japan.com)
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2

Disclaimer ~ PETROBRAS .

The presentation may contain forecasts about future events. Such forecasts
merely reflect the expectations of the Company's management. Such terms as
"anticipate", "believe", "expect", "forecast", "intend", "plan", "project", "seek",
"should", along with similar or analogous expressions, are used to identify
such forecasts. These predictions evidently involve risks and uncertainties,
whether foreseen or not by the Company. Therefore, the future results of
operations may differ from current expectations, and readers must not base
their expectations exclusively on the information presented herein. The
Company Is not obliged to update the presentation/such forecasts in light of
new information or future developments.

Cautionary Statement for US investors
The United States Securities and Exchange Commission permits oil and gas
companies. in their filings with the SEC, to disclose only proved reserves that
a company has demonstrated by actual production or conclusive formation
tests to be economically and legally producible under existing economic and
operating conditions. We use certain tenns in this presentation, such as oil
and gas resources, that the SEC's guidelines strictly prohibit us from
includIng in filings with the SEC.

Ie Trans ort Fuel 2007 Iil4I PETROBRAS

Agenda:
PETROBRAS Overview;
The Brazilian Ethanol Program;
Feedstock resources and prospects;
Brazil the hub for bioethanol production in
the world;
Final Remarks;

6
Integrated Energy Company
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9
Ii.IiI PETROBRAS

Launched in 2000, the Global Compact is the world's largest
voluntary corporate citizenship initiative. It involves upwards
of 3,000 institutions, more than 100 countries and some 50
networks that seek to promote the Pacrs principles nationally,
regionally, and internationally, The Global Compact brings
business together with UN agencies, labor, civil society and
governments to advance universal principles in the human
rights, labor standards, environmental protection, and anti-
corruption areas

8

~ PETROBRAS

• proven reserves:
13,7 billion of boe (SPEj

• 16 Refineries with a c~paclty of
2,227 million bpd

• !'lpallnGs; 30.318 km

1 I

\
• ethylene
prGductlon: 2,4
mllllOrl ton/year

• gas sales: 32 million mJlday 'Brazll and abroBd

10

,PETROBRAS AND THE GLOBAL COMPACT Wi.I PETROBRASII~-"..""::::<-
r Vice Chairmen Chalnnan and CEO, Talal Abu-Ghazaleh
I Organization, Egypt
I Members:

Sir Mark MOODy..sTUAFlT

IJose Sergio Gabrielt! de AZEVEDO
1 Gulllenno CAREY
! CHEN Ylng

Chair:
H.E. BAN KI-moon
Talal ABU- GHAZALEH

Suzanne Nora JOHNSON
i Anne LAUVERGEON
\ Ntomblfulhl MTOBA
, B MUTHURAMAN
! OEVLlSEN

, Hltoyukl UEMURA

Chairman, Foundation for the Global Compact
BuslneS$
President and CEO Petrobras Brazil
Senior Partner, Carey & Allende Abogadoa, Chile
oeputy Direcmr-General, China Enterprise
Confederation, China
Vlc:e Chairman, Goldman Sachs Group, USA
Chair of the Executive Board, Areva, France
Chair of the Board, Oeloltte, South Africa
Managing Director, Tata Steel, IndlaMads
Adjunct Professor, Copenhagen Business School
Chair, Lego, Denmark
President, Mitsui Sumltomo Insurance Co., Japan 10

12
I

''-::::-:l
:. ~ l~
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First car operating 100% etnanol (Flat) -1979 ~

D Brazil was an oil importer

o The two oil shocks had an enormous impact in the
Brazilian economy

E:J Looking for an alternative and internal solution

I:JDevelopment demands energy consumption

El Arable lands availability

If::W PETRDBRAS

fuel IEtltolllD'lloDIPlI'ogb"lllm IEvoDmiol1l

Program of
Emission
Controls

(PROCONVE)

~
1 ...... 1 9i'9l"hl"!f!IQ::j)~ I

Ethanol
Program

Implanted
(SLENDS)

~

Gasohol and
Ethanol Cars
(2oc1 all shock)

~

Gasohol and
Flex fuel Cars

~

Renewable
Hydrogen

>
Future" I70's 80's 90's oo's

More than 400 types Ofsugar.C~.

ote /' ,
i - -'"~-_1 =/'-
I~•• '. - .~.~•I ...... "':>=",_,0 --......~ ..... •,.,o.o;r' =~ ,

1\
To," (Rotterdam +~sollne Prl~ s)

• ... ,... ,,,.. - "'"' -• .... _ ... f\IrloI(lId ... ,

I
___ n8IP:I

~~II"'oInI'- I•• -~pooIntplaoj -_(E_~I
. .- ~~~~;(lcM'tIl<r.'~~_~~.~

~ PETRDBRAS

"

i FUEL~USE INBRAZIC

1- National Motocycle or
Imported E20lE25

National/Imported
Venicle E100 or

6·

E..2.0I.~50'~FV......••
". . .. ~-'-'
'•. , .~- ,>--

\ .

National or Imported Boats
E20/25

Aviation - E100

16
Ethanol addition into asoline ~ PETRDBRAS

o 1930 blending depending ofthe harvest yield

a 197920% v/v addition variable

a 198020% v/v addition continuously

a 1982 increase to 22% v/v continuously

a 1988 reduction to 18% in some regions

o 1993 blending by law (22% v/v)

• 2001 blending between 20 to 24% v/v (0)

a 2002 law fixing the addition of 20 min. to 25% max. v/v*

• 2003 launched flex-fuel-vehicles (FFV)

tl, In,accord.to. ethanol avallabili't

18
?}xn1?1J1J \iJ.fhltEP3 lijj 1BlZ1'2jJ ~ PETRDBRAS

-_ Good conditions to produce ethanol

_ Ethanol Producers and Government are Interested

- Consumers want to decide which fuel to use at the gas station

-Government and Consumers are aware of pollution and

renewable fuels

_ Automobile producers are interest in producing

,- FFV vehicle start to sellIn April 2003
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IiliI PETROBRAS ,

Ii .fl],rli~!ij~~fl~rfJ Iii
Ilflu.f'uol .~"" 1l0l00el iIl_

21
~LiliI PETROBRAS ,

FLEX FUEL EFFECT

MAY 2DOS TO APRIL 2006; 1 MILLION NEW
FFV

IMPACT IN NEW DEMAND
FORETHANOL: 1,1BILLIONLTS

FUTURE (SHORT TERM)....90% OF TOTAL CAR SALES IN BRAZil
2011 ; 1,1 MILLION NEW SALES AND 10,4 MILLION FFV FLEET

0,19 MILLION NEW GASOLINE CAR SALES

TRENDS: 1. NEW ETHANOL SUPPLY WITH NEW INDUSTRIAL UNITS
2. ETHANOL WilL RISE ITS % IN THE TRS MIX FROM 51% TO 60%

23
•2008 F1AFormual1 World Championship Technical Regulati0A.-;

IiliI PETROBRAS

Articles 19.4.5 and 19.6:
19;4.5. A minimum 01 S.75%(mlm) oftha

fuel must comprise oxygenates derived
from blologh:al sources. The
percentage that each component is
considered to originate from a
biological source is calculated from the
relative proportIon of the molecular
wt'Jight contributed by the biologfcal
starting material.

19.4.6. Synteth:: hydrocarbons or mixtures
of syntehetic.hydrocarbons, which
have been produced from biomass, will
be considered for future inclusion Into
Formula one fuel, provided that a
suitable analytical procedure.

(wwwJia.cam)

20

"

22

"
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'INTEGRATED SUGAR & ETHANOL ifY:i PETROBRAS ,IPRODUCTION

I
I
I

Process Heat &
Cogeneration

Sugar
Production

Bagasse

+
\ .

Molasses

Source, UNIIJll\

27
Su ar cane area in the Brazil ~ PETROBRAS .

2.Savanah llreo:24%
'Sugarcane area:O,6%
'Potentlalarea for sugar.
cane expanslon:12% of

the total.

1.Total Brazilian area :850 M ha
7% for agrtculture

(50% for soy bean and corn)
35% pastures
55% forests

Actual area: 5,5 M ha
Polontlal:20 times

SUGARCANE: AN ENERGY FACTORY ~ PETROBRAS

1,2 OIL ilARRELS

"".10' KCAL .~- .I •. ,

GD• SUI,'O' KCAl

5U.10'KCAI.

1T-I'IELD
171h'O'KCAl.

' LDf'DIL
, , .. KCId-

400 million tons of cane are equivalent to 67
million tons of oil equivalent, or 29% of the
total primary energy consumed In Brazil, in
only 5,5 million ha

26
'fJJmtJDIfi)!J7] 0JfDiJT .fJ?fiflT[}@1f1fJTEfJ
I
I

~ PETROBRAS

" --- .... ...----'.... //-;-/.....--y---_ .....
/

"
-----

l!iilli!lIiHlllillli Hili

28
F

"_. i

eedstock resource and DrosDects ~ PETROBRAS
I "-
I
I Raw Material Comparison
I
I

Raw Material Energy Output I Energy InputI lNheat 1.2

I Corn 1.3-1.8,
Sugar Beet 1.9

I Sugar Cane 8.3, (under BraziHan production conditions)

I, In the IPCC Intergovemment Panel on Cllmate Change meeting at Bangcok on, May 04th-{)6th 2007, It was recognized the advantage of the Sugar Cane over

I the com as raw material for Ethanol production.

, Prof. Dr ...... 1a .... cedo· UN1CAIJf

~ PETROBRAS

"
Europe

0.60 T
,

0.50
,,

~
0.40

i 1 II.. 0.30 , I I'" I:::l
O.~ ~ t

I
,

010 i ! j 1- 5
~.I0.00 +-- I , ~_ ,

Brazil USA India China

"
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WiI PETROBRAS

Pldequaqe $$011and Cllm'IDli<~ __ ---;
Sugar CaliJlSIProducqlon In 1EJ17iDZ11

»>lIncludlng IIrrlgaqlon Sifsf1tSm«<

Caption:
• High

e Mlddl"

e> c_
O Improper

33
'Land use in Brazil liliI PETROBRAS

Type Area (Mha)

Total Country 851
~~~-

Native Amazon Forest 370~-
Secondary Amazon Forest and Others 180

Native Forests 6

Pasture 197

Temporary Cultures 59
-~

Permanent Cultures 7~6~--~------
Available land 263

Available land with low impact (") 90

Sauces; FAD, 2002 and Embrapa( )

35
Petrobras Marine Terminals ~ PETROBRAS

Main Production Area in Brazil

%
2%

~V-;';;""22W. ' . MarineTennlnsl
W· InMaeelo

55,000 dwt

D Mid South Region· 89% Produ<;lion

o North East Region ·11% Production

~ PETROBRAS

"

34,~
BIOENERGETIC COMPLEX ~ PETROSRAS

o Sugar Cane plantation;
o Ethanol Industry;
o Biodiesellndustry;
o Thermoelectric Power
plant;

o Carbon Credit;

36
:/Iha DA ua MarineTerminal

~ PETROBRAS

"
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lil!I PETROBRAS

New Ethanol Pipeline
(800 km) ,

New Water Way
for Ethanol

Ethanol Export Capacity

8.0 Millions cu.ml year in 2012

Marine Terminal
Rio de Janeiro

,
/.

Marine Terminal
Sac Paulo

~ PETROBRAS

1~O2 co, ,ICapture EmissIon

Ethanol Ethanol

Production Us.

~
<If

Ethanol Ethanol
lllllllr Petrobral-.-

.. apll11l

~ PETROBRAS

North and centrsi' ~ffi~~kAmerica '1"
39.6%

South America

35.1%

Ethanol Production Forecast:
35.3 Billion Liters (2005) ---> 77.3 Billion Liters (2010)

"

40

Countries with vocation for BIOFUELS ~ PETROBRAS

42
fEthfJ7,W ffrfifii '~!J~§frlI:€lfl~l!fJ1J1[1II~!;~n!.ilfJ~§~ ~:1:1 PETROBRAS

'--=
Today: Sugar cane has the highest energy output/Input ratio

I II~
( )( 12

( )( 1.3-1.8
VI"",
Co,"

( )( 19
( Sugar Cane (under Brazilian ProollGliorJ Conditions) )( §

Tomorrow
Llgnocelluloses Biomass technology will double ethanol per ha. yield=

)

)
Sl!f!ilrBeet

I ,

{
..

~::::','.:ty85L
of ethanol

1 metric ton of ,
_"Ujlarcane But

• '>it- ;i;.\: Cane bagasse
• ~ yield$ 185 L of

ethanole ~~~
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WiI PETROBRAS

lead substitution In the
Venezuela Gasoline (E10)

FIrst delivery of Ethanol to Venezuela - August 10"'.2005

Incorporation of Brazil Japan
Ethanol no Japao for E3

Implementation

Petrobras and Japan Alcohol TradIng - March 2006

45
- --" - -

@1i5i?Tt}f;!?fj11lIfFi?fifJfB Ii&iI PETROBRAS

,"-----W
Introduction of Ethanol in

Indonesia and support the biofuel
initiatives.

PETROBRAS

PETROIlRAS

Support the implementilltion of
bifuel program in Mozambique.

47
f

44
01Efiif!/lfj fAfi11T1T10ifj.f){; IiMI PETROBRAS,

Introduction of E10 in Nigeria
with the objective to create the
production of ethanol market

from sugar cane.NNPC and Petrobras - May 301fl• 2005

(,)
d!!£
e- . PETROBRAS

Introduction of E10 in South
Africa with the objective to create

the Ethanol market.

Central Energy Fund and Petrobras - September 0101• 2006

. ,-" ,

..

~ PETROBRAS

,

Others important partnerships under
development as with: Chile - Colombia-

ilalia - Tanzania - Angola and others.

,"------j

PIETROIJRAS
o
JIIC

Biofuel project Financing with
Japanese companies

~-_._----

1.Brazil has 90 millions hectares
available to develop

new plantation;
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2. We have

51

53

6. Brazil is preparing to attend
the world renewable fuels market.

50

~ PETROBRASI

3. We can help
, ...and support the
- implementation
•• of Ethanol

logistic And we
could transfer
the know how;

52
5. The development of new
technologies will b i a new
trend to the produc

, ji

7:
.I
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7. I believe that Ethanol is the best altema iv" 'match the Biofuel needs for many other, '
Countries. Brazil and Petrobras'
are fully prepared to meet~ ,
needs.herepresentedJP~~c.t?j;,~;~~;·.
Sustainable waXu-aiid!~h-) ,'c' .' ,
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Thank You!
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SESSION 2-1:

THE FUTUREIMPACTOFBIOFUELSONWORLDAGRICULTURE

JamesFry
LMCInternational Ltd., UK

The aim of this presentation is to consider the four main respects in which the
development of biofuels has affected the world agricultural economy so far and how it
will affect it in the future:

1. the behaviour of agricultural product prices and their links with fuel prices,
2. the competition between food and fuel uses of agricultural products,
3. the implications of alternative biofuel crop choices for land use, and
4. policy dilemmas and inconsistencies.

There is a close relationship between world sugar, Brazilian ethanol and Brent crude
prices, as Brazil has effectively pulled world sugar and fuel markets together. Brazilian
sugar mills switch their production frequently between sugar and ethanol, the effect
being the linking of the two sets of prices. Unlike with sugar, though, a biofuellink has
not yet tied most vegetable oil prices to crude oil prices except for rapeseed oil, which
exhibits the closest link among the vegetable oils. Biodiesel demand is not yet large
enough to influence the entire structure of product prices, but this may be changing.

As far as the food versus fuel split is concerned, the fuel uses of the vegetable oils have
been growing around the world since 1999 more than their food uses. There are as yet
no commodities in which the biofuel share is more than 50%. Rapeseed oil, however,
is approaching a point where one third of its worldwide output is destined for fuel uses
owing to heavy use in Europe. Empirically, a threshold of 10% of world output destined
for biofuel use seems to be the point at which vegetable oil and crude mineral oil prices
start to move closer together, with only sugar and rapeseed oil above this percentage.

Alternative choices of biofuel crops are going to affect the demand for extra land
for biofuels due to differences in yield. If you want to minimize the world's land
requirements in pursuit of higher blendings, you go for the most efficient crops: sugar
cane for ethanol and oil palm for biodiesel. If a 5% ethanol blend is to be achieved in
2015 by expanding only the area for sugar cane, 14.4 million ha more of global cane
areas will be needed. This is well below the 37 million extra hectares needed to meet
the 5% target If all carbohydrate crops share proportionately in the growth. If a 5%
biodiesel blend is to be achieved in 2015 by focusing solely on oil palm, an extra 10.6
million ha will be needed. This is to be compared with the 47 million ha needed if all the
oil crops share proportionately in the growth.
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There are inconsistencies in government policies regarding biofuels in the major
markets. As an example, the EU's hostility to palm biodiesel is well known, while it
is perfectly happy to use palm oil in food, and also a lack of concern regarding the
sustainability of its own rapeseed farming. GM foods have to be labelled in the EUbut
there are no labelling rules for GM crop-derived biodiesel- a further inconsistency.

Finally, key conclusions: Oil prices are becoming more closely linked with fuel prices.
This is because of the competition between food and fuel uses of oilseed products.
The dilemma is the difficult choices emerging in land use: should the world focus on
the most productive biofuel crops or consider much larger arable crop area increases
worldwide? Policy is not yet consistent in major markets.

(analysis@lmc.co.uk)
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Competition Between

Food and Fuel Uses of

Agricultural Products

11

~BlOdlesel

13

• BlOdleSel _ Food _ Other Industnal

Vegetable Oil Demand Growth
• An increasing share of global demand growth

for vegetable oils has arisen from biodiesel and
other industrial end-uses.

• These industrial uses include oleochemicals,
the direct burning of oils, the blending of
vegetable oils in diesel fuel and animal feed.

• (It might be argued that oleochemicals should
be treated as a fuel-related demand, since they
compete directly with petrochemical products.)

• B 2006 food uses of oils accounted for barel
half of the entire rowth in world oil demand.-$-

10

Biofuels are Taking Much of the Growth
in World Vegetable Oil Demand

• There are no commodities - yet - in which the
demand for biofuel represents the majority of
total sales (though rapeseed oil is approaching
a point where one third of its worldwide output
is destined for fuel uses).

• When one focuses, however, on the food vs.
fuel split in the ~ in world demand, it is
apparent that food is already having to struggle
t'? keep pace with the new biofuel outlets for
vegetable oils.

12

World Oil Demand Growth, 1999-2006 by Use
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Links Between Oil and Fuel Prices
• We have seen that there is, so far, no close

relationship between most vegetable oil prices
and crude mineral oil prices.

• In the next few diagrams, we shall investigate
whether there is any evidence that prices of
these two very different forms of oil are starting
to move closer to one another.

• We shall also analyse whether there is a
threshold level for biofuel demand - as a share
of total product demand - above which product
and fuel prices are aligned with one another. A"

v'P
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What is the ThresholdWhereF@laQit' ;
Product Prices Become Linked? .

• Whereas rapeseed oil, pricesn'~",,'seelrit~be
fairly closely linked to,mergyprices,CPO
prices are not,norare,thE!pri¢~~'ofc)theroils.

• It is interesting that PKO prices als() show few
signs of close links to fossil fuel prices,
despite the importance of oleochemical use.

• In trying to discover a possible threshold,
10%of world out ut destined for biofuel use
seems to be the Ii in oint with onl su ar
andra eseed oil at above this arcenta eo-$'

22
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Impact on Oil + Carbohydrate Areas if a 5% Biofuel
Blend by 2015 Shared Pro Rata Among All Crops
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•
Oil Palm is Most Efficient Source of Biodiesel
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US Biodiesel Imports and Exports
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If you would like a copy of

this presentation, please

email me at

Jfry@Lmc.co.uk
Acknowledgements: Thanks to FAO, IMF, Oil

World, USDA and World Bank for data

Key Conclusions
1. Oil prices are becoming more closely linked

with fuel prices

2. This is because of the competition between
food and fuel uses of oilseed products

3. Difficult choices are emerging in land use:
should the world focus on the most productive
blofuel crops (like oil palm) or consider much
bigger arable crop area increases worldwide?

4. Policy is not yet consistent in major markets/j/,rp
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SESSION 2-2:

SUPPLY,DEMAND, ECONOMICSAND SUSTAINABILITYOFBIOFUELS

Amintha Weerawardena
Rabobank International, Malaysia

Rabobank International hasanestablished FoodandAgribusiness ResearchandAdvisory
known as FAR,which is its global knowledge provider. FARconsists of professionals
covering all major food and agribusiness sectors who execute fundamental research in
14 of the world's major food and agriculture countries.

The biofuels sector is driven by key motives such as energy security consideration to
diversify sources and address volatile crude prices and environmental concerns such
as global warming. Assisting further in the biofuels demand is the support by political
legislation such as the 1992 Common Agriculture Policy (CAP)reform in the EUaimed at
downstream expansion, income generation and rural area development. In promoting
biofuels, many EU countries are providing reduced excise duties for biodiesel and
bioethanol. In addition, the support from the car industry enables biofuels to be
blended with gasoline or cars to be adapted, as well as providing carbon credit trading
opportunities for biofuels.

Rabobank has concluded that the additional world vegetable oil demand by 2010,
compared with 2005, will be 13 million metric tons for food and 18 million metric tons
for biodiesel, to make the total demand 127 million tons per year. As the feedstock for
biodiesel, rapeseed is expected to dominate with a 40-45% share, followed by soybean
with 20-25%, palm oil with 25-30% and other oils with 5-10%. Where will this palm oil
share come from? Malaysia and Indonesia, the key players in this field, are likely to fill
the needs. A SWOTanalysis of palm oil reveals that, while it has the highest oil yield per
hectare, it is economically and enVironmentally suitable. Furthermore there is 8 million
ha of grassland available in Indonesia for expansion of cultivation. Moreover, sourcing
palm oil form this region requires certification to ensure that it is from a sustainable
production source, in order to be eligible for incentives such as tax exemptions and
subsidies when entering foreign markets. This may be considered a weakness, and
in addition threats will come from conversion of primary forests, social conflicts with
indigenous people and competition with production for food.

Jatropha may be an alternative, with global hectarage of, reportedly, 175,000 ha,
which seems unsubstantiated and inclusive of areas in planning stages for the next
ten years. Actual figures for jatropha hectarage would be 10,000 ha in Indonesia and
India, 1,000 ha in Thailand, the Philippines and some parts of China, 1,000 ha in Africa
and 100 ha in Malaysia. Investors' constraints are lack of confidence in its technology
and management, and its low yield compared to oil palm, though jatropha may be
positioned as a good smallholder crop.

All the vegetable oils have been increasing in price in recent years but palm oil is actually
no longer much cheaper than soybean or rapeseed and has also risen in price compared
to crude oil. There may be uncertainty as to whether it will be advisable to go into
biodiesel business under oil markets such as these. Global biodiesel production could
reach 24 million metric tons by 2010 and the EU'sshare will decrease from 75% in 2005
to 40%. Singapore, Malaysia and Indonesia are poised to be large exporters in Asia,
with Malaysia the world's number-one palm based biodiesel producer. Sustainability
will remain of the utmost importance and the role of governments critical in sustaining
the growth of the industry.
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The world's population is projected to increase from 6.5 billion to 9 billion by 2050 and
world energy demand is expected to double over the next 50 years. World food demand
is also expected to double as the consumption of oils and fats is expected to average at
35kg per capita by 2050 or a volume of 315 million metric tons, while individual income
will grow in developing countries as well, signifying greater purchasing power. Under
such conditions, it is clear that global biodiesel initiatives will drive future demand for
vegetable oils. Nevertheless, biofuel from crops will never replace conventional fuel
entirely, renewable fuel can be a bigger part of the energy mix.

(amintha. wee rawa rd ena@rabobank.com)
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... One of the world's safeslBanks - AAA rated

'" Estllbllshed as en agricultural cooperative

... Remains dedicated to Food" Agribusiness

... Wrnld's 20'" \luges\ bank l;Iy Tier 1 capital

... Voted 11 for sustainablllty in Europe

... 1,544 olffees in 43 countries

... Largest financial services group in 1119Netherlands
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FAR Asia Covers all Major Food and Agribusiness
Sectors Throughout the Chain

Great variety of motives and support measures
lor the bioluels sector
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-=~4,j9~0_ ! International Energy Agency (lEA) estimates
~ increase in global demand 101oil
Oller the next 25 yell's
Propelled by growing industriallsation 01
China. India, Brazil. Indonesia. Mexico,
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infrastructure is needed 10ketlp
demand out·stripping supply
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Region with highest potential to export bio-crops

£include: .......
Asia: North America:
Biodiesel·Palm, jatropha, coconut Biodiesel·Soybean,canola
Ethanol-Sugarcane, corn Ethanol-Corn, barley, wheat

IAJW=--.--- ,..-,---·---1
BiOdiesel-Palm, jatropha latin AmericaiCarribean:

I Ethanol- Sugarcane Biodiesel,Soybean,Palm I
i Ethanol-Sugarcane

Ethanol-Sugarbeets, wheat
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World Vegetable Oil Production
(miIMT)

I" --------,-, -Palm 4.9' 34.',
SOya bean U ~~;;S.~ 33.9 ,-"'"
Rapeseed ,.•i' 16.6 I
Sunflower seed ••• 10.2

Groundnut 2.3 •••

~

lCoUon seed ,.• , •••
Palm Kernel 0.' •.,

,Olive 1.9 ,.,
Coconut ,.• ,., I
Total 33.' 115.1

~World production: + 75% In 25 years!

Source:oiiW'tfWld Population: + 42% same period

--
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Export Trend of Major Oils

15.000

10,000

'.OOQ

15, ,-- ,

Considerable potential impact on global vegetable ~
oil demand..... CD

::E!~§I---n__'__"--::c---D- 11....... *%03

~~,

~eJ{j3'1!.
~~;
o@IIiID~

200S demand Add. demand Add. demand
food bl"d,e5el

2010 est.
demand

,.....,,--=_ ........._--

12

Forecast: World Demand for Oils & Fats £.-
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17 Oils & Fats: World Exports
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SWOT Analysis for PO as bio-crop

o!o Requites certification to ensure it
is sourced from a sustainable
production for eligibility lor
incentives such as lax
exemptions and subsidies

... High Specific oil yield per
hectare

"" High calorific value
"'" Favourable chemical

composition
o!o Suitable from both economic

and environmental asp8cl
Raw rnateriill mUSl be produced
sustainable and should be carbon
neutral.ie net result 01producing
and burning the fuel shld leave
atmospheric carbon dioxide level
unchanged

~
'==
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Other Oil Crops: Jatropha

-Global Acreage reported: 175,OOOha
-Reported Figures are unSUbstantiated and are inclusive 01 those
figures in the planning slages for the next ten years.

-Actual numbers of Jatropha hectarage would be as follows:

Indonesia and India -10,OOOha
Thailand, Philippines and some parts of China -1000ha
Africa-10,OOOha
Malaysia- 10Qha

-Investors constrains are lack of confidence in technology and
management as compared to oil palm. Yield is low. Grows on marginal
land. Positioning as a good smallholder crop.

21
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Volatility in crude prices create boom & doubt
periods for investors.
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18

20

Palm oil is the most competitive energy crop
for biofuels

... Palmoil has the highest oil yields

... Less land required for the production of 1 tonne of biodieSelfrom palm oil

22

... sustaining high price levels of vegetable
olls

... Quantum leap in palm prices!

Contents

Rabobank in short
Motives & Drivers
Overview of Oil Crops
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Risk & Suslainabilily
Outlook
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Global biodiesel production could reach >24 million t
tonnes by 2010 <D
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2005 2010

... Eu share of decre~ng

... ASia and North America to become potentially large producers

... Much uncertainty remains!

27
How much of the planned biodiesei 4projects will materialize?

,-
COuntry' 2006 i ;zo;;7 ,

"" I ,."... J Realistic EstllTllltkm
I
I Milll?n Metric Tonnes per Annum

~~lay8Ia 0.15 '" .."" 4.15 '.00

~S1ngaporo 0.15 _ ----.!~15 0.'" .."" 0.70

;~onesia 0.37 1.20 .."" 3.37 ..",
ITotal 0.67 4.55 4.10 '''' '"

"" &pansions plans in Malaysia, Indonesia and Singapore will total approx 10-12
million lannes of biodiesel produc~on potential

... Malaysia: Poised to become number one palm based biodiesel producer in the
world

'" Singapore: Strategic positioning in the petrochemical and logistics cluster
... Il'Idonesia: Amb~ious targets driven by private sector investments
... less than half of announced plans will be constructed!l!

Source: Rabobank I RSPO

~9, ,

Managing sustainability: A fine balance!

(:::U.lJEI.OII.... Pressure of NGOs and consumer
groups How Palm all Harms Health,

Rainforest & Wildlife
... Environmental impact of feedstock

expansion

'" Food vs. Fuel demands driving up
prioo, ••'" EU leading the way in developing
sustainability criteria

31

OUTLOOK

"" The human race is expected to swell from the present
6.5 Bn to 9 Bn by 2050.

"" Current utilization:
crude mineral oil '" 85 Mn barrelsfday
edible oi[s and fats", 2.8 Mn barrels/day

"" World energy demand to double in next 50 years.
"" World lood demand expected to double next 50 years.
"" Incomes will grow in developing countries, this means greater

purchasing power.
"" O&F consumption expected to average 35kg per capita by 2050 or

315 mil MT, - double the current consumption

""Biodiesel crops can never replace conventional diesel entirely, but
renewable fuel can be a bigger part 01 the energy mix.

26
How big is Asia's appetite for Biodiesel?
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OUTLOOK

... Global biodiesellnitiatives will drive the demand for vegetable oils

... Ro[e of government is critical in sustaining the growth of the
industry

.. Demand of vegetable oils will conlinue to grow as food and
blodiesel demand increase

.. GrOWing demand for biodiesel wifllikely overcome some of the
short-term restrictions on palm oil

32=-- ,

RABOBANKLAUNCHED
SOUTHEAST ASIAN BIODIESEL REPORT

Thursday, 5 July 2007
10.30am at the

Putra World Trade centre (PWTC)

Author: Ms Cherie Tan
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"The financial link in the
global food chain"~

Thank you

Rabobank
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SESSION 2-3:
BIODIEsEL: THE MALAYSIAN INVESTORS' PERSPECTIVE

U.R. Unnithan
Carotino sdn Bhd, Malaysia

This presentation deals with the current global and Malaysian biodiesel scenarios and
endeavors to suggest a way forward. Global energy demand is expected to grow by
50% by 2030 and the transport sector will remain the main driver for this increase.
Biofuels, accepted to address both the greenhouse gas (GHG) problem and reduction
of dependence on fossil oil, are estimated to constitute only 0.2% of the total sources
of energy by that date, however, and even if there were substitution of 2% of global
diesel, 50% of the total global oils and fats that we have today would be required.

For the next 10 years, first generation biofuels from vegetable oil sources will continue
to be the most practical way of incorporating biofuels as a strategy to achieve the
above goals. The EU, with its progressively growing targets, has taken a leading role in
increasing the mandatory use of biofuel blends to 10% pOSt-2010, rapeseed being the
main feedstock. Increases are, however, built around subsidies.

Among the raw materials available for biodiesel, palm oil has competitive advantages:
its oil yield is 5 to 10 times higher than that of rapeseed or soybean, and it is also less
susceptible to the vagaries of the weather. its energy output/input ratio is 9.6 compared
to 3 for rapeseed and 2.5 for soybean, and it offers the potential to maximize value
addition of its by-product, neutraceuticals. Different oil feedstocks produce biodiesel
of varying characteristics and its cold filter plugging point (CFPP)of +15°C is a weakness
of palm oil. Nonetheless, MPOB succeeded in developing the technology for -15°C to
-21°C winter grade palm diesel.
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The Malaysian initiative to develop palm oil based biodiesel can be traced back to 1982,
when lab-scale R&D was started by the Malaysia Palm Oil Board (MPOB). However, even
in 2002, the objective of the first commercial plant was to extract the more attractive
neutraceuticals rather than PME, which was produced as a mere by-product with less
commercial value except as a feedstock for oleochemicals. Thereafter, the fact that it
had become a promising renewable, clean form of energy initiated a rush for licenses
for investment. The government then issued 92 licenses, which added up to as much as
6 million tons a year of biodiesel production capacity.

Since June 2006, however, the industry has been facing huge challenges in terms of
negative margins and tariff and non-tariff barriers, and is now at a crucial stage. The
price of crude palm oil (CPO) today stands at RM2,500 per ton relative to RM1,400 a
year ago and most Malaysian plants which purchase CPO at market price and produce
palm biodiesellose Us$120 to $180 per ton. Agricultural subsidies in large markets like
the EU and the US distort the real competitive situation in the global market. There is
also a sustainability issue where it is alleged that Malaysia's palm oil is produced at the
expense of forest and wildlife habitats. In fact, forests are not being destroyed at all in
Malaysia, as 63.6% of the forest areas remain intact, which is significantly more than in
some of the developed countries. So far, only 3 plants with a total capacity of about 1
million tons have materialized out of 92 licenses issued.

To sum up the way forward, palm biodiesel needs to establish a global reputation, with
its use in Malaysia mandated to combat GHG emissions and an Asian market created to
reduce dependence on fossil fuel. At the same time, technology and economic aspects
need to be benchmarked to meet the most stringent global specifications and maximize
value addition of the unique, valuable by-products of palm oil.

(di r@carotino.com)
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The Global Scenario
• 2% of Global Diesel Fuel Substitution would require 50% of

Global oils & fats
• German Bio-diesel capacity has increased from 65,000 mt in

1995 to 2.35 M Illt in 2005 and is currently 4.0 M mt.
• Rapeseed Oil is ttle main feedstock for Bio-diesel in Europe and

Soya Oil is the main feedstock in the US.
• EU Directive: Use of Biofuels -2% by 200S and 5.75% by 2010.

Tl1e EU parliament is now working on increasing this to 10%
• EU market built around Subsidies
• There is a great push in the USA with U5$1/galloll t(lX incentive
• Brazil & Argentina have also embarked on an aggressive

Blodlesel program
• Malaysia & Indonesia have tiJken the lead in Asia

2

Presentation Outline

• The Global Scenario

• Why Palm Biodiesel?

• The MPOB Initiative

• Malaysian Bio-diesel Scenario

• Palm Bio-Diesel- Challenges, opportunities and Risks

• Palm Bio-Diesel- The Way forward

4

The Global Scenario
Primary Energy %

All Sources 100.0
Traditional Bio-Mass 9.0

Large Hydro 5.7
New Renewables (Elect) 1.2
New Renewables (Heat) 0.7

New Renewables 0.2
(Biofuels)

Globnl Energy Supply 2004'source, Ene Mdrlmol el al(Nov 2005), Renev>ables2005 Global
Status Report. Washington DC: World wnleh In~tilLJtP

6

U.S Biodiesel Scenario

• Seeing a rapid growth in Biodiesel
consumption - from 0.5 Million gallons in
1999 to 75 Million gallons in 2005 and
expected to grow to 650 Million gallons by
2015

• App. US$810 M investment in Biodiesel
plants will be required to match the
demand between 2006 & 2015

Source: National Biodiesel Board, USA
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Why use Palm Biodiesel and
Palm Biofuel?

• Made from renewable resources ~

• Biodegradable "~.;fJ."'"' r;' .Ii:'il• Can be produced in short amounts of >..
time
(for example: one growing season)
whereas nonrenewables, like fossil
fuels, take 40 million years or more to
be produced.

• Reduces emissions of carbon monoxide
(CO) by approximately 50% and
carbon dioxide by 78.45% compared to
petroleum diesel

• Free of Sulphur

10

12

Bio-diesel Licensing in Malaysia

Date Applied Approved Capacity,
mt

July 2007 >100 92 6,000,000(
potential)

Dee 2004 3 3 18,000

Dee 2002 2 2 6,000

Dee 2000 1 11 13,000
. . .. . .

f.... Currently about 1,000,000 mt/yr capacity set up

104 International Conference on Biofuels



15

17

14

The MPOB initiative

• MPOBawarded licenses to bUild 3 x
60,000 mt/yr Palm Biodiesel Plants in
December 2005

• Carotino, Golden Hope and FIMA selected
to build the 3 plants

• Construction of the first plant at Pasir
Gudang, Johor started in December 2005
and was completed by May 2006

16

18
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Palm Biodiesel- Technological
Challenges

l.Technological Challenge
• Meeting Stringent EN14214/ASTM D

67S1 Specs
• High CFPP
• Technology Risks-cheaper and better

technologies

23

Palm Biodiesel-Marketing
Challenges

2. Market Risks
• Fluctuating Crude Oil & CPO prices
• Cheaper sources of raw material- Jatropha
• Change in Specification
• Overcapacity-dumping of Prices
• Raw material availability
• Foreign Exchange Risk

20

Change in market conditions
• In June 2006, CPOwas RM 1400/MT and Crude

Oil US$78 per barrel. Profitability around US$60-
100/MT of PME

• In July 2007, CPO is > RM 2S00/mt and Crude
Oil is around US$71 per barrel

• The US$/RM Exchange was 3.8 in June 2006
and it is around 3.45 in July 2007

• Overall impact has been very negative on
profitability ofthe Palm Biodiesef business. In
the current market conditions PMEproducers
will lose US$120-180/MT

22

Technology Opportunities

• Raise the bar on quality even further
• Higher oxidative stability of Palm 6io-

diesel to be capitalized
• Winter Grade Technology to be harnessed

for global reach
• Improve manufacturing efficiencies

through innovation

24

COMPETITIVE PRICES OF RBD
PALM OLEIN & PETROLEUM

.-I!!!! =1-
,

90 -I~!~~ 80
,e 70

_. 74

n .. --711

" ." I0060

'"
I .I.~'"

• 5
.,

IE50

240 I.,0

11E=t[=E _L_'-__±~_._I!!!!_.

; 30

~ 20~
2 10
u

0

'"" 1000 1100 1200 1300 1400 150111600 1700 1800 1900 2000

RBD Palm Olein ( RMltonne)

106 International Conference on 6iofuels



25
Palm Biodiesel- Marketing

opportunities
• Take advantage of Palm's competitiveness

as the highest yielding oil crop by
leveraging on vertical integration

• Differentiate through Branding and value
addition

• Develop tailor made new applications to
extend usage from traditional uses

• Develop a local market to avoid Forex
exposure

27

•

The concept of the Planted
Forest

• Rain forests are not being destroyed for oil palm
cultivation at the expense of wildlife habitats

• Some 64% of forest, including some of the
oldest virgin rain forests remain intact

• Together with agricultural tree cover( Oil Paim &
rubber)- 83% of Malaysia's land mass is green

• 4.0S million ha out of a total of 6.2 million ha
used for food and economic crops is Oil Palm

26

2

1.5

1 0.59
036 0.42

0.5
CJ 00 CJ

Sunllower Oil Palm

28

Palm Bio-diesel-Environmental
Opportunities

• Present the facts on Malaysian Forest
management

• Popularize the facts on Malaysian Oil Palm
Plantations as a planted forest

• Increase domestic usage of Palm Bio-
diesel to justify our role in reducing GHG
emissions

55.0l

66,9 27.53 41.16

31.7 11.08 34.9

63.6 20.89 32.86

1l.8 2.85 24.09

57.2 477.7 835.56

12J 33.02 273.61'
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Political Opportunities
• Ideal environment for Malaysia to take a lead in

Asia in implementing mandatory Biodiesel usage
• If no Govt support is provided, many of the new

Biodlesel ventures will go under. This will not
augur well for FDI in Malaysia.

• Malaysia needs to consider establishing
guidelines along the USjEU model.

• Establish Malaysia as a center of excellence for
Palm Bio-diesel application

• Collaborative efforts in Asia to improve Energy
Security just like the EU and US initiative

35

108

Palm Biodiesel-Political Challenges
• (an EU subsidies for Bia-diesel be sustainable?
• German Govt. has already imposed from Awg 2006 €D.I/litre tax on

SD 100 and (0.15 on SD blends
• Increase in tax on SD 100 by m.Og/litre every year unLillhe tax

re<lches the full EO.45/lJtre imposed on petroleum diesel has already
been imposed

• A second round of tax increase on biodiesel is due to be imposed in
Jzm 2008(Reutcrs, July 4, 2007)

• 55% of German Biodiesel capacity is currently idle. Sales of 8100 in
the BI00 market have almost totally, stopped in GermanY.(Reuters,
July 4, 2007).RME Industry already' Fears Death in Stages".

• Tariff/Non Tariff Barriers on Palm Diesel to protect domestic
markets in EU &. USA?
USA imposes 4.6% import duty on Malaysiiln PME whereas
Indonesian PME is duty free.
899 exports from USA seriously affecting both PME & RME
producers.
Several new restrictions being planned based on sustainability
issues.

34

Palm Biodiesel- The Way Forward

• Establish a global reputation for palm bio-
diesel by mandating its use in Malaysia and
establishing commitment to combat GHG
emissions

• Benchmark technology and economical
aspects of Biodiesel production with latest
developments in the field around the world.

• Meet the most stringent Global Specification
for Bio-diesel and improve on it.

• Maximize value addition of by products-
Carotenes, Vitamin E and Crude Glycerine

• Create an Asian market to reduce
dependence on fossil fuel
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SESSION 2-4:

GLOBALMETHANOLAND BIODIESEL- LINKEDFORBETTERORWORSE

Mark Berggren
Methanol Market Services Asia, Singapore

An unprecedented fly-up in methanol prices occurred in late 2006 and early 2007,
partly due to the increasing use of methanol for non-traditional fuel applications.
Many biodiesel players are rightly concerned about the stability of methanol prices as
a result. This presentation reviews global markets for methanol and focuses on the
Asian region, giving the Methanol Market Services Asia (MMSA) outlook and rationale
onthese matters. MMSA, which is based in Singapore, is independent and has many
years of consulting experience for clients with an interest in methanol.

The fates of the methanol and biodiesel markets are intertwined in many ways, with a
large amount of methanol production capacity increasing in China and Southeast Asia,
which will be reliant on the development of new sources of methanol demand such as
biodiesel. Methanol supply is growing faster than demand, especially in Asia, which,
however, is still greatly dependent on methanol from the Middle East and Chile. North
America and Europe rival Asia as net importers, while currently, South American exports
are threatened.

In March 2007, methanol prices spiked but the speaker does not think that this is going
to repeat itself because capacity is growing faster than demand. Methanol, with its
massive potential, is getting pulled into the energy pool and can be used in a number
of ways. Quite a lot of methanol is being blended into gasoline for use in conventional
engines in China, though not all of such blending is legal. It is cheap relative to gasoline
and specifications for the latter are not always enforced. In addition to its main uses
in the production of formaldehyde and methyl tertiary butyl ether (MTBE),which is
still popular in Asia and the Middle East, methanol is being considered for dimethyl
ether (DME) and as a replacement for naphtha, changes which could radically alter its
demand landscape.

However, in China at present, methanol appears to be in greater supply than demand.
Malaysia and Brunei also have large plants in the pipeline. What China is using to do
this is its abundant coal resources. Thus Asia, surprisingly, has been an even larger
manufacturer of methanol than the Middle Eastover the last few years. MMSAforecasts
a need for the Middle Eastto export more methanol in the future, as biodiesel producers
will be looking for suppliers.

MMSA predicts a need for about 1.2 million metric tons of methanol as the feedstock
for biodiesel by 2012, which is equivalent to 3 to 4% of the current total global demand.
As the long-term global methanol pricing floor is set by the cost of production in China,
the high profit margins of 2007 will have diminished greatly by 2009, when capacity
expansion will have materialized. Over the last 10 years, methanol price behaviour
has exhibited moments of competitiveness against fuel oil but has spiked whenever
demand growth has quickened.
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Vegetable oil market cycles have up till now been independent of crude oil, with
biodiesel from palm oil occasionally exhibiting a slight cost advantage over petroleum
diesel in Southeast Asia. The co-product, glycerine, looks oversupplied, but low prices
are driving interest in new processes.

It may be concluded that China's new market development is critical to meeting the
large growth in supply and that new, competitive, Southeast Asian and Middle Eastern
supply will be en route by the end of 2008. The disadvantages of coal-based production
appear lessened and biodiesel producers should be able to rely on the methanol supply
with the caveat that suppliers vary.

(services@methanolmsa.com)
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Global Methanol &. Biodiesel -
Linked For Better or Worse

Mark Berggren
Managing Director

Methanol Market Services Asia (MMSA), Singapore
mab@methaoolmsa com

Prepared for the MPOB Biofuels Conference
Kuala Lumpur
July 5-6, 2007
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Today's Topics

An unprecedented fly-up in methanol prices occurred in late
'06 and early '07
Partially due to the increasing use of methanol in non-
traditional fuel applications
Many biodiesel participants are rightly concerned about
stability of methanol prices as a result
The fates of methanol and biodiesel markets are in many
ways intertwined
~ A large amount of capacity issuing in China and Southeast Asia will

be reliant on the development of new sources of methanol demand
such as biodiesel
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Methanol Capacity is Growing Faster than
Demand, Especially in Asia

Supply Capacity for Methanol by Region
loal • 20'll

10,000-,·

I
;::::1

1

..•••••••••• ~ •••.

--=,..~"'" , ' ,. -:/10,000-

1

-:::==:::::> _ :::......;.._ .-- --
... "h "",rl<O ' ...... ~".. <I<o Eo.... ~.. , or Worid ~..... f .. l

_~_·""""_""'- ...-M"'._ ....'-"- IlIIID

2------------------,
MMSA - Global Insight, Asian Perspective '"

Many Years of Consulting Experience
Based in Singapore
Multi-Client Services

Methanol and Derivative Analysis
• Melllanol. Aoolic Acid, Formaldehyde, MMA in global detail

_ Methanol Notes'"
• TOl"CSof relevance in brief 5X1monlh

Project Services
Market and Technical Due Diligence Support

- Bankable Project Assessments
- Valuatiorl
- Many others

IMPCA Asian Methanol Conference Co-organizer
- 10111:May 9-11, 2007, the Regent, Sir;gapore
- 11"': Ma~ 20--22,2005, Kuala ll.lmpul

Petrochemical Training
- Petrochemical Planning Basics
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Today's Topics

Methanol Supply: sources of growth globally and in Asia
Methanol Demand: traditional and alternative fuels sources
Supply, Demand, and Trade balances through 2012
Methanol Price expectations and rationale
Methanol and Blodiesel
- Will there be enough methanal to support growth? Yes
- Glycerine -looks oversupplied, but low prices driving intereslln new

processes

Conclusions
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Asia Still Highiy Reliant on Middle East
& Chile Methanol Molecules
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North America, Europe Rival Asia as Net Importers -
South American Exports Threatened

Net Methanol TradeybRegion
2002- ZOllE
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Global Methanol Demand Centered in Asia, China

Demand for Methanol
By Rogk,", zoaz· Z012E

3MOQ···

j
l.~,ooo··

zo,oo)
! I
I"~I

to'OOOIllg~~~~~~~~~~~:;::=']
2002 ZIJ03 2004 200~ l006 z~onlooa~ 2009£ 2Q1QE~Ol \E Z012t

...

...". ~.. , 01 w~""·• Ch,n~

1""\1"""'"mna

11

China, Via Methanol, Seeking to Lever Abundant
Coal Resources

Methanol Demand for Developing Uses by Region
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Methanol Supply: sources of growth globally and II) Asia
Methanol Demand: traditional and alternative fuels sources
Supply, Demand, and Trade balances through 2012
Methanol Price expectations and rationale
Methanol and Biodiesel
- WD there be enough methanol to support growth? Yes
~ Glycerine- looksoversupplied. but low prices driVing interest in new

processes

Conclusions
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Methanol has Found its Way into the Massive
Potential of the Fuels Pool
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Today's Topics

Methanol Supply: SOurces of growth globally and in Asia
Mefhanol Demand: traditional and alternative fuels sources
Supply, Demand, and Trade balances through 2012
Methanol Price expectations and rationale
Methanol and Biodiesel
- Will "therebe enough methanol to support growth? Yes
- Glycerine-looks oversuP!J1ied,but low prices driVinginterest In new

processes
Conclusions
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Asian Baiance Now Lengthening

~ ~~ ~~ ~
Within Asia External '" Asi

i'-> Capacity tq Purl tC1' """'" Capacjty '0 Prgj're ~
(Miglon metric t (Million metric ton(Millkm metriC Ton

eN"a H.77 Saudi Arabia 5.41 2.71
Ird0nes4a 1.05 I'an 3.12 1.56
Malaysia 0.79 ",., 0.83 0.29..."... 0.52 B.~r.jn 0.47 D.N
Indi. 0.53 """' OAO 0.28

~~ A$la
0.22 Others (Chile. Russia) 8.46 1.77
17.88 TOUI Eoternsl 18.69 6.84

Total AV3iloble Capacity for Asija:
2.4.7 hllion metric 1011.

Demand, As"', 2oo7E:
la.2hlli"n metric too1s

Req..;red Na""'l'late Operating Rate, Asian Capable Met""",,; As ..... :
73.7'16

_'_'''''''''_~IO._M'''''''_'''_Ud.

15

Methanol Supply in 2009 Appears Problematic

Net Growth of Methanol Supply over Demand by Regial • Since 2001. several
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Long Term Pricing Floor Set by
Cost of China Production - Margins to Diminish

Global Methanol Pricing
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Yet Operating Rates Sensitive to Timing of New
Capacity Additions

Asian Supply and Demand Including Ex-Asia Dedicated Capacity
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Methanol Exhibits Moments of Competitiveness, But
Spikes When Demand Growth Quickens

"~-------------------ll

"j---------------------tl I
~ 2S

~ 20j-----------tt----

~lSt-----------J't-------,--'-r::=J1iTIll

,'------------------~I
Jul-86 Sep-94 ~ar-OO Dee-02 Sep-OSDec-9lApr-89

nnRl

International Conference on Biofuels 113



I

19

Today's Topics

Methanol Supply: sources 01growth globally and (0 Asia
Methanol Demand: traditional and alternative fuels sources
Supply, Demand, and Trade balances through 2012
Methanol Price expectations and rationale
,Methanol and Biodiesel

- Will there be enough methanol to support growth? Yes
- Glycerine -looks oversupplied, but low prices driving interest in new

processes
Conclusions
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Vegoil Market Cycles Have Been Independent of Crude

Comparison of Crude, Biodiesel Feedstock Historical Prices
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Co-Product Glycerine Well Oversupplied, Prices Have Adjusted Accordingly

Glycerine Prices Spot FOB SEA
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Big Plans For Biodiesel Reliant on So Far High
Government Supports

Biodiesel Production Capacity by Region
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Biodiesel from Palm Oil in SEA Occasionally
Exhibits Slight Cost Advantage
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Today's Topics

Methanol Supply: sources of growth globally and in Asia
Methanol Demand: traditional and alternative fuels sources
Supply, Demand, and Trade balances through 2012
Methanol Price expectations and rationale
Methanol and Biod!esel
- Will there be enough methanotlo support growth? Yes
- Glycerine - looks oversupplied, bullow prices driving inlerest in new

processes
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Conclusions

Supply and Demand Growth in China is Fastest, Largest Globally
China (lew market development is critical to meeting large growth in
supplies
New, competitive Southeast Asia and Middle East Supply en Route
by end 2008
Coal Based Production - lis Disadvantage Looks Lessened
Biodiesel Producers Should Be Able to Rely on Methanol Supply-
Warning: Suppliers Vary
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MMSA- Global Insight, Asian PerspectiveT
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SESSION 2-5:

LIFE CYCLEASSESSMENT OF BIOFUELS-
AS RELATED TO GREENHOUSE GAS EMISSIONS

Ralph Sims
International Energy Agency (lEA), France

The Summary for Policy Makers (SPM)of the Intergovernmental Panelon Climate Change (IPCC)'s
Fourth Assessment Report came out in May 2007 after extensive reviews by independent and
government experts to provide unbiased, current knowledge about climate change. The speaker
was the co-ordinating Lead Author for the Energy Supply chapter of the Fourth Assessment
Report - Mitigation.

Thefollowing are some ofthe key points from the SPM:Between 1970and 2004, global greenhouse
gas emissions continued to increase by 70% despite all the prevention efforts made since
2001. Under current climate change mitigation policies and related sustainable development
practices, global GHG emissions will continue to grow from 2000 to 2030, varying from 25 to
90% depending on scenario. In the long term, mitigation efforts and investments over the next
two to three decades will have a major impact on opportunities to achieve lower stabilization
levels. Delayed emission reductions significantly constrain the opportunities to achieve lower
stabilization levels and increase the risk of more severe climate change impacts. In the context of
climate change, potential is the amount of mitigation that could possibly be realized over time.
Climate policies that impose a real or implicit price of carbon, or carbon price, for the emission
of 1 ton of CO, into the atmosphere could motivate producers and consumers to invest in low-
carbon technologies. Thus, long-term GHG mitigation potential depends on effective carbon
prices. Carbon prices should reach US$20-80 per tCO,eq to achieve stabilization at around 550
ppm CO,eq by 2030. Several slides are shown to illustrate projected sector potentials above the
baseline scenario by 2030 depending on the carbon prices. The vertical line indicates the range
of potentials depending on assumptions and the height of the column indicates the median
value in the range as well as the regional distribution in the scenario.

Biomass resources are crosscutting, over the various sectors, Industry, Agriculture, Forestry
or Waste and may be converted into bioenergy for use by Energy supply, Transport, Buildings
and Industry. Against the projected CO2 emissions from transportation fuels by 2030, vehicle
efficiency improvements could reduce 1600 to 3500 Mt C02 froin the projection, while there is a
possibility of an increase if oil shale, oil sands, heavy oils, coal-to-liquids etc are used. Biofuels
have the potential to contribute at around US$20-50!tC02 eq avoidance to gain a 5 to 10%share
of road transport fuel by 2030 with potential emission reductions in the range of 600 to 1000 Mt
C02 displacing oil products. The lEA Medium Term Oil Market Report 2007 indicates, however,
that the economics of the 1st generation biofuels are uncertain and raises doubts as to whether
an ambitious supply growth scenario will be realized by 2012. Life CycleAnalyses (LCA)of GHG
abatement potential of 1st generation biofuels are shown on two slides relative to petroleum
gasoline and diesel, wide ranges of potential being observed due to different assumptions as
well as uncertainty regarding input parameter values. LCAconclusions generally indicate that
high GHGsavings from biofuels result when:

• sustainable biomass yields are high
• fossil fuel inputs are low
• biomass is converted efficiently to biofuels
• the biofuel is combusted efficiently in vehicle engines.
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However. biofuels from seeds and grain provide only modest GHG mitigation benefits and can
offer modest levels of oil displacement In the long term due to inefficient land use. unless the
whole plant can be used. LCA results need careful interpretation with respect to the many
variables involved and a standard LCAmethodology needs to be adhered to.

(Ralph.SIms@lea.org)
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IPCC 4th Assessment Report
Aim is for the report to be used by policy makers
so it reviews the current knowledpe without bias-
and must be non-policy prescriptIVe.
Three year process.
Assessment of published literature to bring the
scientific information Into one place.
Extensively reviewed by independent and
government experts.
27 paragraph Summary for Policy Makers
approved IIne-by-line by all ,PCCmember
governments in Bangkok, May 1- 4.
Full Report and Technical Summary -to be
released in September must support the SPM
statements. (Google: ",PCC + Mitigation")

5
Between 1970 and 2004 global greenhouse

gas emissions continued to increase

Total GHG emissions

•
"•

J +70%
In spite 01 ell the
policies, ell the
technologies, and
the high energy
prices since 2001,
GHG continue to
accelerate.

"GtC02-eqlyr '"

•

IIl1ll 1ll8O 1990 2000 2004

2

Aims for the next 30 minutes
Outline the IPCC process with regard to
the recent 4th Assessment Report

• Provide an overview of the key points from
the Summary for Policy Makers.

• Give emphasis to biofuels and the
transport sector.

• Consider the role of LCA in determining
the cost and potentials of 16t and 2nd

generation biofuels.

4

The people
- 168 Lead Authors:

• 55 from developing countries
5 from Ells

'108 from OECD countries.
- 85 Contributing Authors
- 485 Expert Reviewers

Energy related
carbon dioxide is

the largest
contributor at
around 60% of

total emissions.
C02 emissions have
grown by 80% since
1970 and 28% since
1990, mainly from
high growth in the
energy supply and
transport sectors.
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Long term mitigation after 2030
Mitigation efforts over the next two to three decades will have a
large Impact on opportunities to achieve lower stabilization levels.IGloballT\elUl !

Reduction In
Slabillution levels temPenlhn1l YNIGHO GDP 2050 CO2

___ __ 'Incnl8se _ ..
reduction emissions

ppmCo. co;t .."~""m ".., '" 2030 compared
•• 2000

35D- 400 445 - 490 2.0 - 2.4 ""' >3% -85to-50 ---j

-=+-,--....'" 490 535 2.4 - 2.8 2020 _3% -60 to -30

441>-485 535 590 2.8-3.2 2030 _2% -30 to +5

485- 570 '90 710 3.2-4.0 2020 - 2060 0-1% +10to+&O

57Q- ""
710 85' 4.0-4.9 2050-2080 +25 to +85

I_'90 855-1130 4.9-6.1 2060·2090 +90 to +140

- ,

11

An effective carbon-price signal could realise
significant mitigation potential in all sectors

Policies that provide a real or Implicit price of
carbon could create incentives for producers and
consumers to significantly invest in low-GHG
products, technologies and processes.
Such policies could Include economic
Instruments, government funding and regulations.
For stabilisation at around 550 ppm C02eq carbon
prices should reach US$120-80 tC02eq by 2030
At these carbon prices large shifts of investments
into low carbon technologies including biofuels
can be expected.

·
i,,
•·,

8-----------------,
Under current climate change mitigation policies
and related sustainable development practices,

global GHG emissions will continue to grow over
the next few decades.

j
iPCCSRES,
ABARE and lEA
WEO scenarios all -
show increased
GHG emissions
from 2000 to 2030, -
varying between
+25-90%

'. ...,....

"''''''0_

10
Illustration of GDP cost numbers

over next 30 years or so

GOP
GOPwlthout
mitigation

\1 , , 80% GOP growth
, ,, ,, ,, ,, ,
: : 77% GDP growth1"1'--------, ,, ,, ,

'--- __ ~ _'_L_~~ _

~ yZiir _-f' TimePresent

12

What does US$ 201 tC02-eq mean?

Crude oil: - + US$ 101 barrel
DieseVgasoline pump price:+ US$ O.05l1itre
Electricity:
- from coal-fired plant: - + US$ O.02IkWh
- from gas-fired plant: - + US$ O.005IkWh
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13
Energy supply economic potentials above the
baseline by 2030 as a function of carbon price

UP to US$ <20 I t C02 -eq.
EnerOl/ Supply

14

Range of economic potentials above the
baseline by 2030

EnerOl/ Supply

7 7

0 0

GtC0Teq 5 GtC0Teq 5

Iyear 4 Iyear 4

3 3
DNon-OECO DNoo-OECO

2 1.8 GtC02o«l 2 1.3-2.5
DElT GtC02-eq DEIT
"'DECO CDECO

0 0
USSiIC Or<!Cl '"' USSiIC 0 r<!Cl '"'

15
Economic potentials above the baseline by
2030 as a function of carbon prices of

US$ <20, 50 and 100 I t C02 -eq.
EnerOl/ Supply

7

o

GtC0Teq 5
I year 4

3

2
DNon-OECO
DElT
"DECO

17
All sectors and regions have the potential

to contribute

i',
1,+-----,,-II-----illl " I
I ,

~t--II----I'.

Note: Estimates do not Include non-technical options, such as lifestyle changes.

,
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Sectoral economic potentials above the
baseline by 2030 as a function of carbon
prices of US$20, 50 and 100 I t C02 -eq.

Energy Supply Transport BuDdlngs Industry

1,
GlCO,eq ,

I year 4

CNon-OECO

DErr

.OECD,
USS/lCOreq ~ !1 ..11 ~,.II "." t b' #' ,.of $01) ,.#
Notes: Emissions from electricity use are counted in the end·use sectors.

Transport not split into regions because o1ln1.ernational aviation 1uel.

18

BIOMASS ,I IPCC AR4 Biomass· cross cutting chapters
/lESOlIRCE

Industry AgrtcuJture Forestry Waste
Food, fillre and wood Energy and short orest harvesting and Organic MSW to energy,
process residues rolation crops, ClOP upp!y chain. Forest landfill gas.

residues. Animal wastes d agrororest resklue Siogas
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~jlt~~EIPCC AR4 Biomass - cross cutting chapters

Industry AgrtcuJture Forestry Wa~e

r8\ljt(o~~lpi6rnass"JU~,~;~
chaltoalal1dtnim'iif dOng'fie

'cu I
Bloenergy conversIon plants

21

Key mitigation technologies and practices:
a) currently commercially available and

b) projected to be commercialized by 2030.
Transport

a) More fuel efficient vehicles; hybrid vehicles; cleaner
diesel vehicles; 1st generation biofuels; modal shifts from
road transport to rail and public transport systems; non-
motorlsed transport (cycling, walking); land-use and
transport planning.

b) 2nd generation biofuels; higher efficiency aircraft;
advanced electric and hybrid vehicles with more powerful
and reliable batteries etc.
Many mitigation options provide good economic potential in
the transport sector but their effect may be counteracted by
high growth and strong consumer preferences.

Blofuels could provide 5-10% of road transport fuel by 2030.

23
Projected C02 emissions from
transport fuels -reduced
by energy efficiency.

1lOOl

I"'"'.MtcO:!:'UI..co,

COtemlnlons dUe to
Increatlng conventional
oD demaml lip 10 2030

a
2010 '2OlO

20

\ 1 1

2010
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i 1lOOl, Projected C02 emissions from

transport fuels -reduced
by energy efficiency

1 1
Heating/electricity
andcooking fuels
us«l on siteI;Heatleledrieio/,S~lIdI ~:iqUidand gaseous

gaseousand liqUid_ I iofuelsfortranspo
fuels exportedoff.s~""

~_-,"En~ergy supp~ Transport BUildings Industry
rBIOEHERG'il Competition for the bioni~~itrresource?IUTILIZATIONI

Limited by bioenergy demand not biomass supply

22
1lOOl Projected C02 emissions from

transport fuelS'
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1200) Projected C02 emissions from

transport fuels - reduced
further by biofuels

R~otpo:tertid..,..,
reducliOn$ lrom
biotuels lispiacllg

all prD<b;ts
5OO.1DOC1",co,

2010
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Oil and Biofuel Exporters
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2030
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lEA Medium Term Oil Market Report

"Despite political enthusiasm and support for
what is seen by some to be a potential
solution to dependence upon imported oil,
the depletion of fossil fuels and growing
carbon emissions, the economics of 1·'
generation biofuels are uncertain and raise
doubts as to whether ambitious supply
growth scenarios will be realised."

33

</gl
400

Ethanol profit margin - current and
predicted based on ethanol futures

and corn price
350------------ Forward curve--

from 19 June '07
300·

250 -

200

100

50 -- ---- ---- --

0_--_--_--_--_-
Mar 05 Mar 06 Mar 07 Mar 08 Mar 09

35
lEA Medium Term Oil Market Report

"Doubts are greatest concerning realisation of all
announced projects in the Asia-Pacific region.

Of a total biofuels production capacity of 604
kblday by 2012, only around one third will be
realistically produced by 2009.

Of this around 70 kb/day will come from China and
20·25 kblday will each come from India, Thailand,
Australia, Indonesia and Malaysia.

Doubts exist over the sustainability of production
and high palm oil prices making mandatory
blending requirements look less certain."

urv

32
Ethanol profitability

0.0 _--~--_---_--~
1 2 3 4 5

Corn (US $/bushel)

The links between oil price, ethanol price and corn price
affect profitability for the biofuels Industry.

34
lEA Medium Term Oil Market Report.

Biofuel production and capacity based on
kb/c project intentlonsUnder_utilised
3000-.-------------------------.------------~---
, .' ..... capacity could be

2,500 ..... 1 lirouglit on if
2,000 . ..' economics'are right
1,500 -;-:c-"-

1,000-'--

500

o
2006 2007 2008 2 10 2011 2012

_ US Ethanol DECO EUREthanol
c=::::J Brazil Ethanol c:=:.J Asia Ethanol
_ Other Ethanol c::::::J DECO EUR Biodiesel
_ Other Biodiesel -Potential Capacity

Production capped in 2009 except for Brazil.
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37
1st generation biofuels produced from 1 hectare of
land can be used to drive a car 25,000 - 45,000 km

whereas 2nd generation could travel further Iha.
Note: Co-products not Included

Llgno-eellulose DMEFIsch8r_Tropsch~----------futureethano'F======='
Sugarcane ethanol

Corn ethanol

WhSlIt ethanol

Palm 011 blodlesel

Oilseed rape blodlesel

Larson, 2007
o 10 M ~ ~ ~ m ro 00

Light duly automobile 1DOOkmI hectare

39

Biofuels greenhouse gas abatement potential

Well-to-wheel emission reductions

Sugar beet, EU , Wi
, , I ,

Sugar cane, Brazil ide r~nges ~ue tei LCA ~mptions
Wheat, EU :1'. " :, ,, ,

Corn, US . :
Rapeseed, EU :ClI:l:

Second generation c::;-:J

0 20 40 60 80 100

% reduction, compared to petroleum gasoline

41

Diversity in LCA results - a European study
200

WTW
GHG Gasoline

••150 Diesel

gCC\-«I
I1<m

100

+10%

16%GHG

"Iv,n.s"m ::::::..,
22%

RlIplllUl8d .-- - "t- - ,
methyl ./ ."

45% ester I ~38%
Soym.m,' , I I Svg" b." I,"'0< t \ ethanol /

, .....0 Variation. due to
63% GHG 65dk -asafgnlng crecUt.

75% savings J1I.m for co-produetlS

•Llgno.cellulolrc
ethanol

'"

D!::----=:c------,:c------,;:;---=
200

Larsen 2007

Life Cycle Analysis.
Uncertainty around input parameter values and
different assumptions made lead to variations.

Type of biomass and sustainable yield Iha I yr;
Soil types and change in carbon content;
Land use options and water restrictions;
Fertiliser and agri-chemical input requirements;
Harvest, storage and transport methods;
Co-products and their substitution potential;
Performance of conversion technologies;
Vehicle fuels that the biofuels will displace;
Competing uses for the biomass produced.

Standard LCA methodology needs to be adhered to.

40
GHG emission reduction potential from corn

1 ha corn produce 10 t grain plus 5t dm stover.
A) 4000Vha ethanol substitutes for 2500 I gasoline.

Avoids around 1.5 t C02 emissions.
B) Stover has energy content of around 100GJ.

Substitutes for 4 t coal and avoids 10.5 t C02.
TOTAL 12 t C02 avoided.

C) Burn whole corn plant for heat:
14 t dm Iha with energy content around 280 GJ.
Substitutes for 11 t coal.

28.4 t C02 avoided.

42

6DD

LeA conclusions
High GHG saVings from biofuels result when:

sustainable biomass yields are high;
fossil fuel inputs are low;
biomass is converted efficiently to biofuel;
the biofuel is combusted efficiently in
vehicle engines.

Biofuels from seeds and grain provide only
modest GHG mitigation benefits and can
only offer modest levels of oil displacement
in the long term due to inefficient land use
unless the whole plant can be used.
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In Summary

Energy related GHG emissions continue to increase.

Stabilising at around +2°C Is still desirable but
becoming very difficult to implement.

Instead now try for 50% emission reductions below
2000 levels by 2050.

Biofuels have good potential to contribute at around
US$ 20 - 50 It C02... avoidance to gain a 5 - 10%
share of global road transport fuels by 2030.

Uncertainties about conflicting LCA results, GHG
mitigation variations, crop yields, 2nd generation
biofueltechnologies and costs, land use, and
sustainable production need careful Interpretation.
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SESSION 2-6:

OVERVIEW OF RECENT DEVELOPMENT IN SUSTAINABLE BIOMASS CERTIFICATION

Martin Junginger
Copernicus Institute for Sustainable Development, Utrecht University, the Netherlands

Increasing fossil fuel prices, growing environmental concerns over their use and
considerations regarding the security and diversification of the energy supply have
driven the increased use of biomass worldwide. However, the production of biomass
energy crops and the removal of biomass residues from forest and agricultural systems
for energy production can also result in negative ecological impacts, changing land-

o use patterns, socio-economic impacts and GHG emissions. In such situations, setting
standards and establishing certification schemes are possible strategies that can help
ensure that biofuels are produced in a sustainable manner. Certification is the process
whereby an independent third party assesses the quality of management in relation to
a set of predetermined standards.

The objective of this presentation is to give a comprehensive review of initiatives on
biomass sustainability criteria and certification. It first discusses recent developments
in the creation of certification systems in the Netherlands, the EU, the UK and Germany
as of June 2007.

In the Netherlands, a project group named Sustainable Production of Biomass was
established in 2006, involving various stakeholders in the development of a system
of sustainability criteria for the production and conversion of biomass for energy, fuels
and chemistry. The framework report was published in April 2007 and presented to the
Dutch government. On the supra-national level, the European Commission (EC) is active
in the development of biomass certification. In January 2007 the EC made proposals
for a new Energy Policy for Europe, including a renewable energy road map proposing
a binding 20% target for the overall share of renewable energy by 2020 and a binding
10% target for the share of biofuels in petrol and diesel in each Member State by 2020,
to be accompanied by the introduction of a sustainability scheme for biofuels. The EU
is now drafting proposals to incorporate these targets into legislation. In June 2007
the UK government published methodologies for carbon reporting and a framework
for sustainability reporting for biofuels within the Renewable Transport Fuel Obligation
(RTFO). The UK and Dutch governments are cooperating on the development of
sustainability requirements, beginning with bilateral discussions in 2006 and leading to
joint activities and a common approach to many issues. In Germany, the Biofuel Quota
Act came into force in 2007, including a provision that empowers the government to
establish sustainable requirements for biofuels that are eligible to participate in the
quota system. The German Renewable Energy Act will be under revision in 2008 and
introduction of sustainability requirements is expected.

Potential barriers as well as boundary conditions are then identified to discuss the
challenges to be looked at in the development of biomass certification systems. The
viewpoints of NGOs, industry, national governments and international bodies are also
stated. It may be concluded that, among a wide rage of initiatives undertaken by various
stakeholders toward the development of sustainability standards and certification
systems, there seems to be a general consensus that it is important to include economic,
social and environmental criteria in them. However, differences in the stringency and in
the extent and level of detail of these criteria are recognizable, due to varying interest
and priorities.

International Conference on Biofuels 127



eSSlQn 2-6
"'~ 'm<i;",~-,~.",=,*;:<~~""~~"~\''"''''''''''>,.~';:';;,~"~\,>,,, __.;;;,,,,,,,..,~~, "'~,._"~"'''','''~'''','w".''''.;-;;"..~~"''''''"...,'~~,'''' ~"'" _",~"._~,,,,v,,,, .....,,,<>-~. ,,~~ '. "'V<"~

The second set of slides deals with the topic, "A Greenhouse Gas Balance of Palm·Oil·
Based Electricity Production", to illustrate results of a recent study on the GHGbalance
of electricity produced in a natural gas power plant in the Netherlands using crude palm
oil (CPO)and palm fatty acid distillate (PFAD)produced in Kalimantan, Malaysia. It was
concluded that they can exhibit substantial GHG reductions, but also that large net
GHG emissions are possible if oil palm is planted on sensitive land such as natural
rainforest or peat land.

(H.M.Junginger@uu.nl)
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CarbonReporting SustainabilityReporting k
Pr~ect Project

(E4tech) (Ecofysl

•ObjectIves
• To develop a robust, practical & cost-effectIve methodology for:

• The consistent quanlification of GHG savings for hiafuels from different fuel
cIlains

• Sustainabilily reporting 01 fuels from diverse origins

• To develop & ~ls5eminate technical guidance to enable companies to ~
appfy the requirements effectIVely
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Default fuel chams are defined using a set of common modulesfe1~"n=-r.o.=i r;:;-]J=+_H' ~~ ,, 0.., It ....... '11'__ )1 ~ -
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Default values wtll exist for all data required to calculate the carbon
Intensity of a fuel ellaln

• C"rtloo intensity can be report&d without any knowledge of actual fuEll chain data or
with limited qualitabve information e,g, feedstock, origin

Qualitative Information can be used to provide a more accurate
representation of the fuel chain

• selected defau~: energy configuration; mode of transport; cultivation practices

Any quantitative data that is known can be used to more accurately reflect
fuel chain (e.g. blodiesel plant's NG consumption Is known)
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A Greenhouse Gas Balance
of Palm-Oil-Based Electricity

Production
International Conference on biofuels,

UNIDO/MPOB, Kuala Lumpur, 5-6 July 2007

Birka Wicke, Veronika Domburg,
Andre Faaij, Martin Junginger

Copernicus Institute, Utrecht University
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CPO-Based Electricity" ---,

CPO Production Chain

Oil palm

P"TlioO
~F~

J

System boundaries:

• from OP Plantation (Kalimantan,
Malaysia)

• to NG power plant (the
Netherlands)

Palm ail mill
I[CpOl-r~

Co-firing in
power plant~-----
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Introduction
Discussion of sustainability issues of palm oil
Attempts to verify sustainability:
- RSPO, international
- RTFO, UK .
- Cramer Commission, NL
1 Cramer Criterion is GHG balance: bio-
electricity must reduce GHG emissions by at
least 50% to 70% compared to a fossil
reference electricity system

Case study on GHG balance of electricity=> from Malaysian CPO and PFAD (Sabah,
Malaysia)

4
r

Main product of CPO refining:
RBD palm oil

PFAD - by-product

Transported to NL

Co-fired with NG

PFAD Production Chain

cpo

r
~j~~l

CPO refinery

I I_
I fPFAO II ~-j- I
, I
I Co-firingin J'
I power plantl-_. _

6

Methodology I
" "-~.,,_..lComponents of GHG Balance of CPO Chain L_,·

"Cradle-to-Grave" emissions
based on Cramer Commission
methodology (Bergsma et al. 2006) (final
methodology still under development)

[

GHG nows
~

S"I,m be"d"I" lByprod,'"
Land use conversion

Fossil energy inputs
.......... Qilpalm

plantation
Fertilizer production

~I-il .G PKS and Fib'" .........
and application

~FB~ ~ ,_,~,.._,,/

,J ~
Fossil energy inputs f--+--. P I -I -11:::.----" (.preaclonllel<l ••

, amol ml I
I I ~r eo", li(JJlOlIJ8neemiaalono from+. [CPO] . _.,."", JFossil energy inputs

for transport to NL

I J I/r-"1::<Combus~OI1 of cPo> ---+- Co-firing in t 4. PKE =-'"I po~er plant J L PKO SUrlotUlnla -_c-
•I Emi~~oo 7~; .SYSI~~ _ ~ I Emissions Icredit neutrai l tJ:ound~nes j
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-Components GHG Balance of PFAD Chain
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GHG emissions from: .1 CPO Main

r------J-hC:-J-l product of
refinery:, Fossil energy inputs I CPO refinery [JAllocation of l.,, , r-. em'ssiornlby

Alternative use of 11I I ~RBDOjl ~ 1 mal1<el price I

PFAD 'L-~'[)? PFADJ I Emissions I
Fossil energy r i -1- I
inputs for transport I I @neutral." ., J 1- System ~(""""Combustion OfPFAD')- L,. Co-firing in I i

I powe,p'''' U I t>oundarie~

~stem boundaries

GHG Emissions from Palm-Qil-Based Electricity
vs. Fossil Electrlcity

~CPO ~ foull4Mtctrt<:lIJj

GHG Emission Reductions: Comparison
with different fossil reference systems
.0

-~-"c::I ~ll<dcI'l
t::::!M ....-,~_ ....._eu
-,~--

l tOO

F==.==

i
i 1

Methodology II

GHG emissions reductions are calculated by
comparing emissions of 1 kWh from the palm
oil electricity chain to 1 kWh from a fossil
electricity chain

5 fossil electricity reference systems: Specific
NG power plant, modern natural gas, coal,
Dutch average electricity production, European
average electricity production

10,- e lJIdw ••helt u..-t.,

degraded land ~ r , :ii::- I
0100 I_E'n1ooi:nUlldlRII:::
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fertilizer application by ~
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treatment Cl
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GHG Emission Reductions:
Methodological Issues
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GHG Emission Reductions:
__~~ Meth()~ological Issues__ ~1
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Discussion
• Different fossil reference systems: low

impact on reaching emission targets, only in
borderline cases

• Sensitivity: land use conversion (above
ground biomass and soil carbon) most
sensitive while emission factors for fertilizer
production have only little effect on results

". - -.",.

17
I Conclusions

From a GHG reduction perspective: new oil
palm plantation development should ideally
take place on degraded land: large emission
reductions and even a net CO2 uptake can
be achieved

• Other improvements in management of the
plantation and mill can increase this emission
reduction even further

14
r

Discussion
• Allocation of emissions from land use

change: time period is important
• Allocation vs. system extension: limited

impact on results, only in those cases that
are already borderline

16,"
Conclusions G~~-,,~

PFAD can already at present fulfill GHG
emission reduction targets of Cramer
Commission, but are not the "silver bullet"
because of limited availability and underlying
methodological assumptions

• CPO from previously natural rainforest and
peatland have a negative GHG balance
compared to fossil reference systems

18

THANK YOU
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SESSION 3-1:

FEEDSTOCKPRODUCTIONIN PERSPECTIVE

Gustavo Best
Food and Agriculture Organization (FAO),Italy

FAOis the largest UN agency, its mandate being to deal with poverty and bring about
rural development through agriculture, forestry and fisheries. Bioenergy is one very
important issue that the organization has been dealing with.

The first issue I am going to discuss is potential feedstocks for biofuels. Benchmarking
of the energy output/input ratio depending on feedstock sends us the very important
message that it is not only feedstocks but also where they are produced, i.e. in what
eco-systems, that matters. It follows that the nature of the eco-system in which a crop
can grow becomes a critical factor in identifying optimal feedstocks from the many
possibilities tabulated on the four slides. Competitiveness in production costs according
to feedstock is another important consideration. A graph is presented to illustrate
indicative parity prices of the first generation technology ethanol vs. gasoline indexing
to petroleum crude oil (US$/BBL) and gasoline (US$/liter) produced from different
feedstocks. Bioenergy potential varies from region to region and Africa is considered
to be the one likely to have the largest potential by the year 2050, followed by Latin
America and the Caribbean, the CISand Baltic States, North America and Oceania. As
to the type of biomass, it is thought that energy crops from current agricultural land
will be the largest source by the year 2050, followed by energy crops from marginal
land, forest residues, agricultural residues, dung and organic wastes. Global biofuel
production, including second generation technology, could experience a five-fold
increase by 2025.

The second issue I intend to discuss is potential impacts from various angles. The
possible impacts on international commodity prices are tabulated, assuming the case
where 10 million tons of a certain crop is used for biofuel production. One example
estimates a 10% increase in sugar price in such a situation. The following three slides
identify the potential impacts that each activity in the production process is likely
to have on environmental, biological and social matters, the food security issue, for
example, being one of the last-mentioned.

The third issue I am covering is the responses of FAOand UN Systems at large to this
situation. Over the period 2006-2007, FAOreceived requests for technical assistance
from 25 countries regarding subjects related to biofuels, thus indicating enormous
interest globally in bioenergy. Toreact to growing requests and demands internationally,
FAOhas developed certain tools and initiatives. Woodfuellntegrated Supply/Demand
Overview Mapping (WISDOM)is a tool for highlighting and determining wood fuel priority
areas which can be merged with other interrelated socioeconomic and environmental
issues. A further tool is the International Bioenergy Platform (IBEP), in which FAO
co\laborates with other organizations in the area of bioenergy and where food security
assessments are currently key issues. FAOalso hosts the Global Bioenergy Partnership
to work on the issues of sustainability criteria, trade, evaluation and methodologies
for greenhouse gas emissions, and the strengthening of public-private partnerships.
Its flagship publication, State of Food and Agriculture (SOFA),will be dedicated to
bioenergy in 2008.
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World Bank, which focuses jointly on bioenergy and in May 2007 published Sustainable
Bioenergy: A Framework for Decision Makers, dealing with both positive and negative
aspects of the topic and offering recommendations. Its message to policy makers is to
remind them of the importance of informed decisions and to point out that they should
not go fast into large bioenergy projects without thoroughly examining the implications,
as damage could in some cases immensely outweigh the benefits.

(bestgustavo@hotmail.com)
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1Feedstock Production in Perspective
International Conference on BIOFUElS

UNIDO/KualaLumpur July 5 •7, 2007
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Gustavo Best
FAO

Bloenergy Is about people,
resources and knowledge

Three Issues
2

• Potential feedstocks which and how much?

• Impacts Commodity prices, Society, Environment
Economy

• Requests and responses FAO and UN-Energy
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D ethanol from maize (N, Atrerica)
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Bioenergy potential per region: different scenarios, year
2050 Exajoules/yr

I
Africa /'98

Latin America and
the Caribbean

1

'83

CIS* & Baltic
States 176

North America 121.

Oceania 77
I

[EJ/year] 0 100 200 300

Source: Juergens and Mueller forthcoming 2007, ba6ed on data from WWI 2006)
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Bioenergy potential per type of biomass: different
scenarios, year 2050 Exajoules/yr

Total (more likely)

Total

I
I
I

I

I
I

I
i
I

Energy Crops (current agri. lands)

Forest Residues

Energy Crops (marginal lands)

Agricultural Residues

Dung

Organic Wastes

[Exajoules] 0 200 400 600 800

Source: Juergens and Mueller forthcoming 200~ based on data from Faaij 2006
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Global bio-fuel production could expand 5-fold by 2025

Sustained high prices of crude oil projected provide an additional
incentive to expand bio-fuel output - beyond the levels stipulated
by policy - as long as retail excise tax relief for bio-fuels remains

,,
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Cross links: Impacts on international commodity prices
An additional 10 million lonul'!! of ... ,

SUIl:Rr :\1aize SUIl:Drand Soybeans and Sugar, :\1all-c and I
Maize Maize Soybeans ,

Corresponding O.19!'i EJ 0.087 EJ 0.282 EJ 0.167 EJ 0.349 EJ
energy [binfuelsl •!.

~
Cumrnpdlty ... uM'd for blorueb

would change international prices (percent) in the IlIllg-run b.v :

Sugar +9.8 +1.1 +11.3 +2> +13.8,

Moue .... +2.8 +3.4 +4.0 +4.2,

Vegehlble oils ".3 +0.2 ".2 +7.6 +7.8 :

Protein .... -1.2 -1.2 -8.1 -7.6 '

Wbeat .... +0.6 +<0.9 +1.11 +2.0 '

Rice ".5 +1.0 +1.2 +1.1 +1.4 '

.. ,r .... ".2 +<J.2 +0.4 +<J.'

Poultry .... -0.4 .. -8.. ·~l -2.0
"".' """.,..",<1-, ,. "'.j',,~ , ....) ''''ofh-, f~';'· 11'"
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Country Requests. Period 2006-2007
Distribution by Region and Requests

Technical AreaJCrop

Wood fuels and other
bioenergy,soul'(:&s

Request Type

Ma{lpiOlttewurces for~ci9iofl making under reF
COmment$01\,OOlieept,oofe, to davelopa.linkWith

Indian programme to set up own biofuel
p~famme

Teci1rilcaJassi$tanceJor socioliconomit:
assessment of opportuni~ei;

BiOdiesel from Jatmpl:!a

18

20

FAO - Continued

Global Bioenergy Partnership - GBEP {a G8+5 Initiative - Secretariat
hOsted at FAD

- Workplan: sustainability criteria
- Trade
- GHG emission methodologies
- Strengthening 01 pub\\c-pr\\late partnerships

Broadening knowledge base through an International Bioenergy
Information System (IBIS)

Monitoring and mapping of bioenergy activities globally

State of Food and Agriculture (SOFA) 2008 on Bioenergy

17

Wood energy & poverty in South East Asia

WISDOM as a tool in visualizing WE deficit areas and linkages with poverty

~ ..~..._ .......-or_t ••_
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(No_or __....._ .......
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C
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.,..... ""'"
0'
0'
0' •
0'
0'
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19

In! bodies: FAO - variation of Junginger

FAa International Bioenergy Platform (IBEP) - reference framework
for analysis of sustainable bioenergy and bioenergy/food security
nexus

Bioenergy and Food Security Project (FAOfGermany Trust Fund)

Technical assistance requests (35 countries)

Multi-donor trust fund for country support under development

FAG Technical Coosultations
April 2007 - Focus: Food Security and Analytical Framework
July 2007 - Focus: Socia-Economic Impacts
October 2007 - Focus: Bioenergy and Food Security

21
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• Bioenergy was identified as a clear
area of work for UN-Energy

The document is the result of an
intense consultation process with

all UN-Energy members.

• UN-Energy is a collaborative
framework far all UN bodies active in
the field of energy

UN-Energy thanks the World Watch
Institute for its very important

contribution in the creation of the
document

24 25
I

• The paper first sets the role of bioenergy!
in the overall global energy context. I

I,
I

I

I,

The 9 key issues it considers include:

it discusses 9 key sustainability issues - Poverty
- Health
- Food security
- Agriculture
- Agro industry
- Environment

• Water
• Climate change
• Bioolversity

- Finance
- Trade, Energy security and foreign exchange balances

• indicates possible implementation
issues

• it concludes with a framework of action
at the national and international levels.

26 27

Some highlights
The economic, environmental and social impacts

of bioenergy development must be assessed
carefully before deciding if and how rapidly to
develop the industry and what technologies,
policies and investment strategies to pursue.
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28

30

32

"Unless new policies are enacted to protect
threatened lands, secure socially
acceptable land use, and steer bioenergy
development in a sustainable direction
overall, the environmental and social
damage could in some cases outweigh
the benefits"

Governments and others should encourage the
use of sustainable bioenergy production and
management practices.

,international certification scheme, including green
house gas verification, should be set up to ensure
that bioenergy products, and biafuels in particular,
meet environmental standards all the way from
fields to fuel tanks .

- BUT the hiafuel market offers a new and fast-
growing opportunity for agricultural producers
and could contribute significantly to higher farm
incomes.

- AND could support productivity growth in
agriculture or other sectors with positive
implications for food availability and access.

29

" ...... crops that require high fossil
energy inputs and valuable land, and
that have relatively low energy yields
per hectare, should be avoided ....... "

This also implies low or negative energy
balances

31

On food security

- the availability of adequate food supplies could
be threatened by biofuel production

- food access could be compromised by higher
basic food prices

- increased bioenergy feedstock
demand .... (could) drive the poor and food
insecure into even greater poverty.

----------

33

To some extent it shows how the food
security risks are the mirror image of

the opportunities
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Some technical suggestions On policy impacts

II crops for energy production in rotation with
food crops to improve productivity and
diversify income (and even better
biodiversity ?)"

Policy limiting imports of (more
efficiently produced) biofuels imports

II cascading" of biomass over time, using
biomass materials for different uses and
then recycling the wastes to energy"

Policy mandating the blending of
biofuels with fossil fuels at home

Can divert more land than necessary from
food production

- --------- --- --'---

37

A mix of production types

In relation to farmers

- need to assess winners and loosers (even within rural
areas);

On the type of future bioenergy systems

_ large biocompanles conlroliing the full chain;
producers of feedstock might get less benefits; 1. dominated by large, capitar·intensive

businesses
"At their best, liquid biofuel products can enrich farmers

by helping to add value to their products .... 2. farmer co-ops that compete with large
companies

at their worst, concentration of ownership could drive
poorest farmers off their land and into deeper

poverty."
3. liquid biofuels are produced on a smaller

scale and used locally

---------

39

Opportunities

Economic development
mobllaes Investment In rural areas
generates new Infrastructure llnd business opportunities
119l1flratesincome

One of the key challenges of blofuel polley
development is to

" effectively navigate the chaotic and often
manipulated markets in which they operate"

Social benefits
new livelihood opportunities
Im.reases access to modem energy services
Improving quality of life
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Environmental advantages
promotes resoun;:e conservation and ecosystem rehabilltation
cllmllte change mitigation through U$e of cleaner fuels
opens opportunItIes for margInal/degraded land rehalJililatlon



SESSION 3-2:

EMERGINGSUSTAINABLEFEEDSTOCK:THETREEBORNEOILSEEDS

N.Vedaraman', Sukumar Puhanb, G. Nagarajan', K.C.Velappan'
'Chemical Engineering Department, Central Leather ResearchInstitute, India

'International Combustion Engineering Division, Faculty of Mechanical Engineering,
Anna University, India

In recent times the world has been confronted with an energy crisis due to depletion
of resources and to increased environmental problems. Increasing energy demand is
a major issue, especially for transportation, as increased mobility, changing lifestyles
and migration of people to cities for employment have taken place. Oilseeds provide
a unique platform for the production of biodiesel that can replace non-sustainable
petroleum and other fossil fuels for our energy needs. Of the alternative fuels, biodiesel
obtained from vegetable oils looks promising as an eco-friendly alternative to diesel
fuel.

Although soyabean, palm, rapeseed, sunflower and other oilseeds are useful
feedstocks in other countries, India has some problems with increasing production of
cultivated oilseeds because of its limited land area and irrigation facilities .. However,
there are numerous trees yielding oilseeds in forest regions in this country which can
produce a substantial amount of seeds and in turn oils, which can be used for biodiesel
production.

This presentation deals with the preparation of biodiesel from different oilseeds
obtained from Indian forests such as mahua, saI, neem, karanja and jatropha, which
are under-utilized although their potential is very high. The reasons for current under-
utilization are the small amount of collection due to lack of infrastructure, alongside
delays in cash disbursements to the drivers. Organized collection will satisfy part of our
energy needs.

India needs 52.33 million tons of diesel for 2006-7 and 66.90 million tons for 2011-12.
A 5% blend would require 2.62 million tons of biodiesel and an area of 2.19 million
hectares in 2006-7 and 2.79 in 2011-12if it is to be produced entirely from jatropha.
If we look at diesel in the agricultural sector as a merely part of the total demand, we
currently operate about 6 million diesel-operated pump sets consuming about 8 million
tons of diesel, which will require about 7 million hectares of land if we are going to
replace it entirely with jatropha-based biodiesel.

India's carbon emissions, like China's, are high, i.e. about 250 million metric tons of
carbon in 2001. Freediesel for agriculture and transportation for the poor is the desire
of Government agencies but the question remains as to whether this is in fact feasible.
I believe that it will be possible by 2012 if the sales price of a carbon credit is anywhere
between US$67 and US$357 by that point, as predicted. If we assume a mid value for
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carbon credit, i.e. US$ 250 per ton CO" 1 ton of biodiesel usage is equivalent to 3 ton
CO,saving which, is equal to carbon credits of US$750. With the current diesel price in
India which is about 30-33 Indian Rupees per liter and almost equivalent to the price of
biodiesel per liter, free biodiesel will be on the cards.

We tested biodiesel that had been transesterified from tree borne (TB) oilseeds
(mahua, sal, neem and jatropha) to find out their fuel properties (heating value, specific
gravity, kinematic viscosity, pour and flash points, cetane number) and then in Kirloskar
diesel engines. The results were promising, cetane numbers being higher than that of
diesel, flash points quite high, thermal efficiency similar to that of diesel, COemissions
significantly lower (30-40%), hydrocarbon emissions reduced by 40-50% and NOx by
5-10% except with jatropha, but CO,slightly higher.

Thus it may be concluded that bio-energy is essential for the Indian sub-continent, as
substitution by alternative fuels will have a significant impact on both the economy and
the environment, as well as contributing to the mitigation of global warming.

(nvedaraman@yahoo.co.in)
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SESSION 3-3:

RENEWABLERESOURCESFROMOILPALMFOR
THEPRODUCTIONOFBIOFUELS

Mohd Basri Wahid,
Malaysia Palm Oil Board, Malaysia

In 2006 Malaysia produced 15.88 million tonnes of crude palm oil (CPO),1.95 million
tonnes of crude palm kernel oil (CPKO)and 2.20 million tonnes of paim kernel cake
(PKC),from about 4.2 million hectares of land. Theseproducts may be exported as they
are or further processed before exporting. Currently, these three products constitute
the main marketable and valuable commodities of the oil palm but in their production
a voluminous amount of biomass is simultaneously produced. Palm biomass has great
potential as alternative renewable energy and constitutes 90% of the plant, only 10%
being converted to oil.

The biomass from the palm oil mills includes empty fruit bunches (EFB),palm fibres and
palm shell. In 2006, we had 17.4 million tonnes (wet) of EFB,10.3 million tonnes (wet)
of palm fibres and 4.36 million tonnes (wet) of palm shell, a good source of biomass
for processing into energy. Another source of energy from palm oil mills is Palm Oil Mill
Effluent (POME)subjected to anaerobic digestion. The resources from the mills can, as
a whole, be translated into energy of 56.3 million barrels of oil equivalent (BOE)with
19.4 million BOEfrom EFB,20.8 million BOEfrom fibre, 13.0 million BOEfrom shell and
3.1 million BOEfrom POME.

Fronds from the estates are regularly trimmed during felling, offering another source
of energy at the rate of 9.7 tonnes per hectare (dry weight basis) if this can be
exploited. In Malaysia 80,000 hectares are replanted annually; -as'25-year-old palms
need to be replaced because their yield has diminished and they have become too
tall to be harvested efficiently. When the palms are felled, the chipped trunks are left
to decompose in the fields at the rate of 37 tonnes per hectare (dry weight basis).
Trunks and fronds have a slightly lower calorific value than EFB,fibre and shell. The
Malaysian Palm Oil Board (MPOB) have done some work in formulating the biomass
into briquettes or pellets as a solid energy for burning which can be sent abroad, but
if it is going to be used locally, it can either be compacted into bales or pulverized to
reduce transportation costs.

One of the major types of biofuels that can be used in the transportation sector is
bioethanol, which is conventionally produced from plant starch or sugar. Recently,
however, the use of lignocellulose as a feedstock has been actively promulgated.
MPOB is also working on the development of technology to convert the lignocellulosic
oil palm biomass to ethanol, the critical aspect being the need to find suitable enzymes
or microbes to break down the lignin. Preliminary assessment indicated that palm
biomass has the potential to be converted into bioethanol, which could be exported or
used to replace a portion of the gasoline requirement in Malaysia. Trunks appear to be
the best feedstock from palm biomass, with the highest yield of 451 liters of bioethanol
per tonne of trunks, followed by EFB,fronds and fibres.

In conclusion: Oil palm biomass is readily available at present in abundance throughout
the year and currently suitable as solid fuel. However, its composition has potential
as a second generation feedstock, not only for bioethanol but also for other types of
energy, e.g. biomass to liquid, biomass to gas and so on. The use of biomass obviates
the food vs. fuel issue as it is a by-product from the existing palms.

(basri@mpob.gov.my)
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Content
• Introduction: Energy plants
• Sources, types and quantities of

palm biomass
• Characteristics and potential as

alternative renewable energy

• Availability
• Potential as biofuel
• Conclusion
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TREATMENT SYSTEM OF POME

17

14

BARREL OF OIL EQUIVALENT
(mil)

• EFB 19.4
• Fibre 20.8
• Shell 13.0
• Effluent 3.1

*Computed based on calorific values

16

18

Characteristics of Biomass
with respect to its Fuel Properties
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21

20
LOCAT/ON OF MILLS IN MALAYSIA AND ,rs OPERATIONAL

CONSISTENCY (2006)

State Number of Mills Milling Hours Milling Capacity Utilization Rate,
per month permOllth %

Johor " 427 03
Kedah 6 00' '"Kelanlan " 305 "Melaka , <3' 99
N. Sembi!"n " 303 "Pahang " on 88
Perak , 313 13
p. Pinang 4J <3, 103
Selangor 27 43' 9J
TerengganlJ 13 '" 76

p, Malaysia 27' '01 30

Sabah 113 406 96
Sarawak 00 m 9J

SabahlSarawak 148 303 "
MALAYSIA 397 398 9J

'*
22

23 24

BIOETHANOL POTENTIAL AS
REPLACEMENT OF PETROLEUM

mil.
Feedstock tonne

(dwb)
EFB' 6.10

Fibres* 6.0

Trunk** 9.0

Frond** 2.4

mil. Iitres~'%Replacernef'1t#
lv/v)

2,366

1,345

4,059

904

24

14

47
9

'''mOun' b."d 0"'FrB p,oco"e~ 'n ~O~6
••..mo,,"' pcoi,d.d to b.... d.bl. ," 200S
'B •."d onp.'wloum .,," 019-787mU. blTPsm 2M5
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CONCLUSION
• Readily available and at present in

abundance throughout the year.

• Suitable as solid fuel.

• Composition has potential as second
generation feedstock for bioethanol.

• Depends on existing palms and thus
does not conflict land/food use.

• Need to interface logistics of collection,
pre-treatment, environmental impacts,
agronomics, economics and its
competition with other energy alternatives.

1f

27
FLOW DIAGRAM OF PALM OIL MILLING

EMPTY FRUIT BUNCHES
(EFB)

Press Cah

_ w....
1./00loI" Jld<iI..",

Clarillcalion Tank

Nut! Fibre 5epal'llIOr FIBRE

Purifl".

DIl'" Nul Crack ••

Crude Palm 011 "--Oil T....p Cracked Mlxtul'll Blowe<
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KERNEL

26
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Session Chairperson
Dato' Dr. Mohd. Basri Wahid

Director General
Malaysian Palm Oil Board
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SESSION 4-1:

MPOB PALM BIODIESEL PRODUCTION TECHNOLOGIES

Choo Yuen May, Cheah Kien Yoo, Ma Ah Ngan, Harrison Lau Lik Nang,
Yung Chee Liang, Rusnani Abd. Majid, Andrew Yap Kian Chung, Ng Mei Han, Puah

Chiew Wei, Yahya Hawari & Mohd Basri Wahid
Malaysian Palm Oil Board (MPOB), Malaysia

The current biodiesel production technologies are predominantly based on the
transesterification reaction of vegetable oils and fats with methanol using homogeneous
base catalysts such as sodium methylate (sodium methoxide), sodium hydroxide or
potassium hydroxide. The Malaysian Palm Oil Board (MPOB, then the Palm Oil Research
Institute of Malaysia or PORIM) initiated the palm biodiesel program in 1982 by starting
laboratory scale R&D. The production technology the MPOB patented to produce palm
biodiesel was scaled up to a 3,000 tons per annum continuous pilot plant, which has
been in operation since 1985. The biodiesel produced from this pilot plant has been
used for various field'trials, the most comprehensive and exhaustive one having been
conducted in collaboration with Mercedes Benz of Germany in the early 1990s.

The increasing demand for palm biodiesel from the EU in 2004 prompted the MPOB to
scale up its production technologies to a commercial level. Since then, there have been
three commercial plants built using the MPOB's technologies (each with 60,000 tons
per annum capacity): the Carotino biodiesel plant, which has been in production since
July 2006, Golden Hope's since May 2007 and FIMA's, which is to be commissioned
in September 2007'. Four more plants based on MPOB technologies are either under
construction or in production: i) a 60,000 TPA plant in Korea commissioned in the cold
winter from December 2006 to January 2007 and now in commercial production, ii) a
60,000 TPA plant in Thailand to be commissioned in November 2007" iii) a 120,000 TPA
plant in Johor, Malaysia to be commissioned in July/August 2007 and iv) a 120,000 TPA
plant in Klang, Malaysia, to be commissioned in 2008. One of the limitations of palm
biodiesel is its high cold filter plugging point (CFPP +15°C). The MPOB has overcome
this limitation by developing a process for the production of low CFPPbiodiesel (-18°C)
for export. Three commercial plants, each with 30,000 tons per annum, have been built
and one is already In commercial production manufacturing low CFPPwinter grade palm
biodiesel for export from Malaysia.

In the MPOB's palm oil biodiesel process, the fatty acids (FA) are converted to methyl
esters by esterification of crude paim oil (CPO) in the presence of a solid acid catalyst.
The methyl esters are then converted into biodiesel products and crude glycerol with a
concentration of 80-85%, which can be purified to pharma grade glycerine.

1 The date was the estimate at the time of the Conference and its commission-
ing actually took place in March 2008.
2 The date was the estimate at the time of the Conference and its commission-
ing is expected to take place within this year.
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The esterification section is not necessary if refined, bleached and deodorized (RBD)
palm oil is used instead of CPO. To produce good quality biodiesel, it is crucial to
control certain parameters. Three slides illustrate the process- and feedstock-related
parameters. They are followed by a few slides to show you the key fuel properties
of normal and winter grade palm biodiesel, together with information on the cetane
numbers of biodiesels from different feedstocks and that of mineral diesel. The MPOB's
biodiesel production technologies are optimized for palm oil and palm oil products and
are simple and proven, as they have more than 20 years of experience. The biodiesel
produced meets international specifications such as EN14214 and ASTM D6751.

The palm methyl esters contain other value-added downstream products such as palm
phytonutrients, e.g. carotenoids, Vitamin E, phytosterols, squalene, coenzyme Q and
phospholipids. Therefore, valuable phytonutrients worth about US$970 per ton are lost
for every ton of methyl ester burned. The MPOB's palm biodiesel technologies are ready
for commercial exploitation of these value-added products.

(choo@mpob.gov.my)
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SESSION 4-2:

TECHNOLOGY FORTHE EXPLOITATION OFJATROPHAAS RAW MATERIAL FOR
BIODIESEL: THE INDIAN EXPERIENCE

B. Jaya Kumar
Nandan Biomatrix Limited, India

After several years of R&D work and pilot scale demonstrations, India is now at the
threshold of commercial production of biodiesel using jatropha oil. This presentation
will give an overview of the efforts being made to commercialize Jatropha biodiesel by
different research organizations, central & state governments, public and private sector
companies and by our organization, Nandan Biomatrix. The government's biodiesel
policy, excise duty exemption, subsidies and grants, the president's vision, the country's
energy scenario, the role of biofuels, the availability of un utilized lands for jatropha
cultivation and the current status of the biodiesel industry in India will be described.

To make this project successful, an integrated approach is being followed wherein all
inter-related activities are being performed to give the best possible results in terms of
economic and social benefits for all the stakeholders. The range of activities covered is
broadly classified into Backward and Forward Integration.

Backward Integration covers: (i) Agricultu ral Technology: germ plasm accessions, su perior
selected varieties, plant breeding, suitable methods of propagation, infrastructure
such as mist chambers, cool chambers, poly-houses and hardening chambers, and
demonstration blocks; (ii) Package of Practices: spacing, irrigation, mulching, optimum
fertilizer requirement, inter-culturing, pruning, pests & disease control, harvesting,
and storage of seeds; (iii) Symbiotic Activities: intercropping apiculture; (iv) Unique
Supporting Activities: technical supervision & guidance, a franchisee network, crop
finance, crop insurance, and a buyback arrangement of the produce.

Nandan Biomatrix is developing superior varieties and improved packages of practices
and crop monitoring technologies to increase the seed yield and the oil percentage in
Jatropha curcas. Extensive research on growth and yieid parameters acts as the basic
tool for the production of superior varieties. For meeting the objectives of commercial
cultivation, best varieties and germplasms have been accessed. Nandan is involved
in continuous evaluation of these accessions and the development of superior
varieties through plant breeding that results in uniform traits with enhanced yields and
therapeutic values. Apart from development of superior varieties, several other factors
like irrigation, spacing, nutrient management, pest management, etc influence the crop
performance.

International Conference on Biofuels

Forward Integration covers: (i) oil expelling & solvent extraction, (ii) pretreatment &
transesterification, (iii) biodiesel storage and distribution and (iv) valuable byproducts
such as biofertilizers, biopesticides, nut race utica Is, pharmaceuticals & glycerine.

The stakeholders are: (i) farmers, (ii) governments, (iii) entrepreneurs, (iv) diesel
consumers, (v) financial institutions and (vi) carbon credit companies. Their roles to
make the project successful will be discussed.

(info@nandan.biz)

(THE SLIDES OF THIS PRESENTATION ARE NOT AVAILABLE)
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SESSION 4-3:

HYDROPROCESSINGOFPALMOIL FORBIOFUELPRODUCTION

Prabhakar Nair
UOPLLC,USA

The production of renewable fuels is continuing to expand worldwide as a result of
increasing petroleum prices, government regulations, and commitments to greenhouse
gas reduction. There has been little integration of renewable fuel production within
petroleum refineries to date, despite rapidly increasing growth in the demand for
renewable fuels. The segregated production of renewable fuel components increases
cost, since the existing infrastructure for distribution and production of petroleum-based
fuels is not utilized. Renewable fuels will be able to have wider application in meeting
the increasing demand for transportation fuels if economic opportunities for blending
or co-processing them within traditional petroleum refineries can be developed. UOP
LLCand Eni S.P.A.are jointly developing new technology to utilize renewable feedstocks
derived from vegetable oils for the production of high quality diesel fuel.

This presentation introduces the new UOP/Eni Ecofining™ Process for Green Diesel
production and discusses the advantages it has over other technologies to produce
renewable diesel fuel, such as Fatty Acid Methyl Ester (FAME), also known as
biodiesel.

Whereas the established route to produce biodiesel today is transesterification of
vegetable oils with methanol, resulting in biodiesel, and glycerol as a by-product, the
Ecofining™ Processconverts vegetable oil to high quality biodiesel with hydrogen. The
production facilities can be stand-alone, however, greater synergies can be expected
with existing assets and infrastructure if they are located within petroleum refineries.
The process is feedstock flexible and any vegetable oil can be fed. If palm oil is used,
with 100 units of input, 88-97 units of biodiesel can be produced with superior fuel
properties, compatible with both petroleum diesel and conventional diesel engines.
Green Diesel has a cloud point of -30QC to -10QC and a cetane value of 70-90. These
properties make it a premium blending component.

The economics of biofuels are still not good relative to gasoline or diesel when crude is
US$so per barrel, except for ethanol based on sugar cane.The feedstock cost comprises
about 80% of the total biofuel production cost and economic viability is feedstock cost
driven. Palm oil based biodiesel production breaks even when the crude oil price is
$52 per barrel if the palm oil cost is $420 per ton. However, the break·even point varies
as the feedstock price changes. When Green Diesel is blended with petroieum diesel,
the leverage of its premium quality is exceptionally high and the refinery operating
margin is expected to be much higher as compared with the cases of blending with, for
example, FAME.

UOP has carried out an intensive co-development program with Eni since 2005 to
develop the Ecofining™ process. The basic engineering design for the first commercial
plant in Europe has been completed in the second quarter of 2007 and it will start
up in early 2009. The life cycle analysis of energy balance and GHGbalance indicates
positive results in favor ofbiodiesel, and Green Diesel in particular, relative to petroleum
diesel.
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Our R&D program includes catalytic cracking of vegetable oil for Green Gasoline and
Green Olefins, hydro-processing of pyrolysis oil for Green Gasoline and Green Diesel,
and hydro-processing of lignocellulosic wastes for Green Fuels and Green Chemicals.
Algae oil productivity is outstanding and could enable an oil route to biodiesel, Green
Diesel and JP-8, military jet fuel.

In conclusion: Petroleum refiners are well positioned to playa major role in renewable
diesel production. UOP and Eni are licensing the Ecofining™ process, which offers
sustainability and better economics. Green Diesel has superior fuel properties.
Longer term technology development focuses on the utilization of algae oils and waste
biomass.

(Prabhakar.Nair@uop.com)
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I 2004·2015: wp
Incremental Global Energy Demand "'_"C_

Reference Alternlltive'. Scenario Policy• 3000 - Bloman wliste• Cother 1.1%lyr 1.8%lyr- 2500 renewable'•• I - []Hydro 2.5%/yr 2.6%lyr~2000 - -• <--, O;BlofuelS 12.1%/yr 15.1%lyrl••a '500 DNuclear 1.2%(yr 1.6%fyr~
~1000 []Gas 2.5%lyr 2.0%/yr•"~ 500 [lOll 1.7%lyr 1.3%/yr

• 0 DCoal 2.6% I yr 2.0%lyr
Reference All Policy
Scenario Scenario Primary 2.1% I yr 1.7%lyr

'7.4BBl./Ton Energy

ShiRing Towards Conservation & Altematives
B/ofuels are Fastest Grow/ng Segment

Sou",., lEA
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UOP Overview

• Leading supplier and licensor of processing technology, ~
catalysts, ad.SOrbents, process Plants. ' and teChn.ical services ...'.
to the petroleum refining, petrochemical, and .. .. .. "t'. .
gas proceSSing industries ..,

• UOP Technology Fumishes: 60% of the world's gasoline; 70% .. ,
of the world's modem detergents;
60% of the world's para-xylene . ,_.

• Indu~try I,:ader in developin~ and providing clean ~el 2003 National Medal of
solUllons In response to various government directives Technology Recipient

• 3400 employees worldwide

• '06 Financials: $1.6 billion sales

• Strong relationships with leading refining and petrochemical
customers worldwide

• 70+ processes in 6,000+ unFis in hydrocarbon processing
industry; 300+ catalysts, adsorbents; 31 of 36 refining
technologies in use tOclay created by UOP

Track Record Of Technology Innovation

4

I Alternate Fuels: Market Drivers & Risks

Market Drivers
• Higher crude prices:

longer tenn projections
of>$50/bbl

• Geopolitical concerns:
security of supply and
energy Independence

• Green House Gas (GHG)
emissions reduction

• Government polley:
mandates and flscal
incentives

• Job creation for
agricultural sector

Risks & Uncertainties
• Crude prices decline

sIgnificantly
• Government policy towards

renewables changes
• Biomass feedstock

availability, cost, lack of
distribution channels and
rate at which the automotive
fleet can be turned over
constrain market growth

• Technology and innovation
breakthroughs do not
materialize

6

Biorenewables in Oil Refineries
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Biorenewable Feeds: Costs

Bio Feedstock Price ($Jbbf)

WTIIBrent Crude 6.

Rapeseed all (Canala) ."
Soyoll 75
Pelmoil 62

Jatropha oU 44

Pyrolysis oil-high 5.
Pyrolysis oil-low 15

Price ($Igs!)

1.62

2.13

1.79

1.47

1.05

1.39

0.35

Palm 011prices have doubled over the past 2yeaFSR
DIfficult to compete w/pstrodiBseJ at such pricing lellsls

9, -'-- ,

I Current Biofuels Production

Biodiesel Production from Oils
,oor:--~--c:--------,

Ethanol Production from Sugars
~- M - ,..

!- " ! !", !1_ 00 ~ '-- 311.0 Iiij ", :~j",
11.5ia~ • ~200

'00 ,. '00
::::

'0' Com
(million acres) (mi!li"" ""res}

Totlil US " ..
20% Gasollll6 SlIbslitullon n.
20% Di.sel Sub.tltullon ""
Equivalent to the Land Mass of -CA, IN, Nlt, MI...,.,.......

11

Biofuels Strategy
Fuel Additives / Blends

l Ethanol I(BIOdiesell

Fuels

EJEI
UOp's Sio-Fuels Technology Goals

Identify and utilize processing, composition, and Infrastructure
synergies to lower capital investment, minimize value chain

disruptions, and reduce investment risk.

Generation 1
• Vegetable oils and greases to

diesel, gasoline and JP..s
(military jet fuel)

• Flexible, hybrid technologies
- Capability to process to.all

and bio feedstock

Generation 2
• lignocellulosic biomass and

algal oils to fuels
• Process Integration

- Flexible feedstocks
- Combined fuel, power and

chemlcats production

188
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I Biorenewable Feeds: Composition IIJOP._~
Crude Refined Yellow Pyrolysis
Typica! Resid Palm OJ/ Soy Grease 0"

0"
%C 83-86 84,' 76.7 n., 76A 56.2

%H 11-14 10.6 12.7 11.7 11.6 ,,'
%S 0-4 (1.8a'o'g) 4,2 <0.0005 .0006 .04

%N 0-1 (.1I'1g) ,3 <0.0003 .0011 ,03 ,3

%0 11.4 1Q.4 12.1 3&.9

HlC 1.8-1.9 1.' ... 1,' ... 1.4
08l'llity •86(a'lg) 1.05 0.92 ," ... 1.23

"'" <' <1 U 2 " 76

ppm alkali .. , <19 190 190 190
metals
Heating value .1,800 40,700 39,300 37,200 31,200 15,200kJ~,

Vegetable all feedstock present processing challeng..!!...

10

Enablers for a Sustainable
Biomass Infrastructure

Global us
"\.l<noIdT .......... ~_"--.-..Coll.-w ....

~.
• •

Cumml POIInllol

Oils Productivity

..... Ropo-"."."..- ....- --Increases Avsllabllityl Reduces Feedstock Cost
Technology Breakthroughs Required

12

r Why Consider Renewable Fuels
in Refineries? UOP._~

- Renewables are going to make up an Increasing share
of the future fuels pool

• Allows the refiner to control the quality of the
renewable blending components required to meet
mandates

• Provides a source of high quality diesel blendstock
- Generates future CO2 credits

• Energy security - utilizes domestic feedstocks
-<. Using the existing refinery infrastructure and fuels

i:llstributlon system is most cost effective

1 '. : ~!,
, , ••• .. '4'

. ~. ~ ! f
, ......--; 111"

o
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Biorenewables in Oil Refineries

[
_ ..Jm cost and

,' .. .ability
. ..~andJte$ and 1m>•.

:. GHG emt5FIQ:,

[
-~

/. j.lflJ
C-1il ..

· f mnsportatio1"'
• Compoor,Wo·,

Need

• Profitable Processing
Options

Approaches

• Stand alone options
• Co·processlng options
• Hydrogen generation
• Higher value products

1
• 1/ t
'1

15
Palm Oil Processing Routes

Feed Process Product

MethanolJ--I Biodiesel Biodlesel
Palm Oil ---,,===-- Glycerol

~2 '------------, Ecoflning1M11---+ Green Diesel
PalmO,I--r-( 0

17
Processing Palm Oil with the
Ecofining Process IUQP..-....,e-....

Palm 0,,11,....,. r-__~MakIHlP
- Hydrog."

• Upgrades palm all using
hydroprocesslng and
isomerization

• Product 16an high cetane
diesel blending component

• Hydrocarbon product. not an
oxygenated compound

• Co-production of propane,
naphtha, and high quality jet
fuel possible

• Standalone system enables
control of cloud point and
cetsne as well as seasonal
variance

W.ter

.....,
'rod"'"

Higher Saturate content lends to lower H2 consumption

14

Biomass Processing Routes ~~
Feed Process Product

MethanOI-.-[ t: 0. --.J - ~ Blod,esel
Vegetable 011 ----c:= _ Glycerol

H, -"'-1~I-Green Diesel
Vegetable 011 --.l .i. . ..

Vegetable Oil l~ !=Green Gasoline
. ~ _ Green Oleflns

PyrolysisOll---+I[~J=:~::~~~::lline

~

1-r.l;fg;~.oeIlUIOSIC---Il~ Green'Fuels 0

.-' Waste~~ G~en~C~tl1},i.cal€
• o~ , 00. '7. dO'

, . 0''".« ~ ,,<> ,r
~ • <

_._<. '-- ".-:r:.a .....?_,

16
UOP/Eni Ecofining Process
Development Objectives

• Joint developmentof UOPand Eni
• Develop a processing route to convert any

vegetable 011to high quality diesel
-Economic
- Feedstock flexible
- Sustainable
- Leverages refinery assets and infrastructure

18

Ecofining Process Performance

Feed

Palm 011, wt·% 100

Hydrogen, wt·%
Products

Naphtha, vol·%
Diesel, yol·% 88-97

Cetane Number , 80

Sulfur, ppm <1

Water and CO2 also produced as
deoxygenation products

I

189 I
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I Green Diesel Fuel Properties ILIOPA_,e_ ......

Petroleum Biodlesel
ULSD (FAME) Green Diesel

Oxygen Content, % • 11 •
Specific Gravity 0.84 0.88 0.78

Sulfur content, ppm <1' <1 <1

I Heating Value MJ/kg 43 38 44

rCIOud Point, ac -, -510+15 ·30 to ·10

J Distillation, °C 200 to 350 340 to 355 265 to 320

! Calane 4' 50-65 70.g0

I Stability Good Marginal Good

e Superior fuel properties
c Compatible with petroleum diesel
• Compatible with conventional diesel engines -_."

21

Economics: Current and Future Targets

Current & Target Biofuel Costs

c 4.50 _ €l/lanol_:o- 8icdl ...~
EaolJmng U.,n --~

lh ~

,~~.. 3.80

1 0'"~ 3 O'

D aJ•0 227 -I"c ell! =1- J0 1.50= -0,
~ 0.75 ,",I Ugno Amm.1 ,~ ~m· Wastaa. Call<> Com allolon Fats Oils Biomass Blomus•

Breakthroughs Required to Create Economically Viable
Slo'uels Infrastructure

23
Ecofining Process Economics

Sensitivity to Veg Oil Price
- $560MT wlTax Incentive
-$S50MT
- $420MT

10.00 ."
Crude Price, $/bbl

• Palm oil ($420IMT, $1.47/gal): Profitable at crude> $52/bbl
• Soy 011($S60IM, $1.96Igal): Profitable at crude> $67/bbl
• Soy 011wf $1lgallon subsidy: Profitable at crude> $381bbl

Driven by Feedstock Cost

20

Green Diesel Blending Benefits

• Green Dlosel nas a nigh
cetane and Is similar to GTL
diesel

• Cold flow properties are
controlled by paraffin
isomerization

• These properties make Green
Diesel a premium blending
component

• Permits blending low value
LCO Into ULSD or a reduction
in cetano enhancing additives

Diesel Pool Barrels Cetane
Components in Pool Index

Kerosene SOO 41

StraIght Run DIesel 7500 52

Hydrotreated LCO 2000 20

Green Diesel ,,.. 74

Average Cetane 50

Required Diesel Cetane:
LCO Quantity Blended:
LCD Uplift ($4.60/bbl):
Green Diesel Benefit:

50min
2000 bbllday
$9200/day
$3.9OJbbl

22

ILP Blendin9 Study: Summary for 150 KBPD Refinery

Refinery Operating Margins

"[5 ]'"
~~. .-~

Hl I lJlIlI ::.
1,0- • .. .

""
'l50K BPD European Refinery conflguratlon with FCC & HCU
'IWflnery proc&n&lI a ml~ 01 MId-Eut crud ..
'Producllllate per EU norml, EN 590 for di .. el
'LP Calculatel opel'lltlng mar1Jlne for bu" can
-BS and 810 blends based on purchand FAMElGreI'n OI .... landlor ......th LCO eddilion
-LP ....sults show G ..... n di ..... 1blends wllCO generate hlgh"st mai"llins
'LI> alBo shows Ih.at mar1Jln pr1lmium 01 G...... n 01..... 1oV... FAME Is

·-$40MM annually for B5
'-$80MM annullllly for 610
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UOP/En; Ecoflning Process
Commercialization Status

• Intensive co-development program with Eni
since 2005

• Basic engineering design completed 2Q07
~ First commercial unit start-up in 2009
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Life Cycle Analysis for
Renewables Processing

.. Scope: from extraction through combustion
(in transportation use)
Functional Unit: 1 kg of each fuel

- Assumption: Each fuel performs the same
in transportation use

• Primary Focus: fossil energy consumption
and emission of GHG, though other impact
categories are included

27
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Comparison of Climate Active CO,
& Fossil Energy Consumption

Climate Active CO2

""G.os...
• ..,
8 ..,•.~g

O.O~."..,

GfMn DIHM A. _,., II, lupply
O<HJI_B.H, ...... L1g~'IIy-jKOd""'"

Fossil Energy Consumption
(fossil energy per unit of diue! o~rgy, MJlMJ)

U

"
...... D..... A·_ .. H,Suppl~
0 ...... PIeHI8 _H, ftnm I..i\II>t By,pfo,hldO

......

P_UM Biod.... 1 0.... GrM.
DIoseI _loA 0leH~

Ecofinlng has smallest footprint
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Total Energy Comparison

f 1.'
1.'
1.3

j 1.'
1.1c 1• 0.''1 0.8

j 0.7
i. 0.8

f 0.'
0.'
0.3

~ 0.'
0.1

" 0
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Summary

1.28

Ul 1.231,03

Petroleum
Diesel

Biodlesel Green Diesel· Green Diesel·
A •

a Fossil Energy a Nuclear Energy tJ Biomass Energy

• Refiners are well positioned to playa major role in
renewable diesel production

• UOP and Eni are licensing the Ecofining Process to
produce diesel from vegetable oil and greases in
refineries

• Green Diesel has superior fuel properties
• The Ecofining Process is more sustainable and has

better economics
• Longer tenn, technology development focused on
:the utilization of algal oils and waste biomass c ; >-

~'4f'., >
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SESSION 4-4:

EMERGINGTECHNOLOGIESFORBIOFUELSPRODUCTIONAND THEIRASSESSMENT

S. Miertus" S. Arumugam', S. Zinoviev" P.Fornasiero', F. Mueller-Langer'
International Centre for Science and High Technology-UNIDO', Italy,

University ofTrieste', Italy
Institute for Energy and Environment', Germany

One of the key issues of sustainable industrial development is the transition from fossil
to renewable feedstocks in various industrial sectors such asenergy, fuel and chemicals
production. The need for new and efficient technologies forthe production ofbiofuels as
well as bio-based products (chemicals, plastics, etc) is now being recognized, focusing
on the second and third generation of biofuels. Opportunities for further development
and optimization of biomass to biofuels conversion technologies are represented by
the concept of bio-refineries and the process of bio-waste conversion into high value-
added products. The integrated approach to biomass exploitation is expected to have
a significant impact on both economic and environmental issues.

Although most of the technologies involving the first generation of biofuels starting
from crops as feedstocks and leading to the production of bioethanol or biodiesel
have already been commercialized, it should be stressed that there is still a great need
for technology development and technological innovation, for instance, for better
catalysts. Another dimension of development of renewable energy technologies lies
in the development of hydrogen from biomass. Hydrogen is widely considered the
energy of the future although more time is required for technologies to be developed
for commercial use and different systems and infrastructures for distribution and use.

In the second part of this presentation, the concept of assessment of biofuel production
technologies is presented. Various technologies can be assessed and compared
taking into account their technical characteristics together with their impact on both
the economy and the environment. A slide illustrates a comparison of some of the
emerging second generation technologies, indicating where the technology stands
in its development process, its complexities in development, expected plant capacity
when it has been successfully developed and compatibility with the existing distribution
infrastructure and use. The decision support tools (DST)for assessment of emerging
technologies for biomass conversion are currently under development at the UNIDO
International Centre for Science and High Technology (lCS). In particular, a DSTconcept
for assessment ofbiofuel production technologies is presented. The tentative approach
to the development of DST is based on technical, environmental and economic
assessment of various scenarios for exploitation of different bio-resources incorporating
more than 40 parameters for selection and evaluation of optimal technology.

In the context of assisting developing countries to accelerate their sustainable
development, transfer of technology is just as important an issue for ICS as is its
development. We see some problems in this area, including a lack of sustainability
analysis and scenario planning, a lack of capacity for technology adaptation, technology
gaps, patent/licensing fees as barriers, the lack of an integrated approach to technology
adaptation and so forth.
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In the third part of the presentation, I intend to discuss the component of the IC5
program focusing on capacity building and promotion of collaborative projects with
developing countries. IC5's mandate is transfer of knowledge in the applied sciences
and technologies to developing countries operating in a complementary manner with
UNIDO's global programs to ensure synergy. IC5 focuses on three technical areas: i)
Pure and Applied Chemistry, ii) Earth, Environment and New Materials and iii) High
Technology and New Materials. In the IC5 program on biofuels and chemicals from
renewable resources, the cooperation projects with Malaysia are taking place in the field
of emerging technologies for biodiesel production from palm oil, glycerol valorization,
and waste biomass exploitation. Other initiatives being promoted included projects
on biodegradable plastics from renewable resources in China and assessment of the
technologies for the use of local bio-feedstocks in selected African countries.

(5tanislav.Miertus@ics.trieste.it)
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SESSION 4-5:

VALORIZATIONOFGLYCEROL:TECHNOLOGICALPERSPECTIVEAND INNOVATIONS

A. Citterio, G. Leonardi and S. Auricchio
Politecnico di Milano, Italy

.~.
The growing interest for green fuels derived from vegetable resources (biomass) has
opened new relevant problems of "waste products" with related disposal cost. For
example, the worldwide surplus of glycerol generated in the biodiesel production
resulted in the shutdown of traditional plants that produce or refine glycerol and in the
development of environmentally acceptable glycerol combustion processes. Finding
value-added alternatives to simple incineration of biofuel by-product would assist with
the environmental benefits and economic viability of biofuel manufacture and supply
chain, opening several areas for biorefinery opportunities. Material and energy balance
of biofuels can be in fact strongly improved by cascade process integration of by-
products and residues devising new products and new unconventional energy sources.
The complex composition of biofuel feedstocks in this context is an added value allowing
to maximize the number and value of products from the biofuel/biorefinery plants.
Because the margins on consumer products, pharmaceuticals, and health foods are
generally higher than those for industrial products or platform chemicals, the growth
market for these processing will probably be in consumer product industries.

In this context, the different potentialities of glycerol
as next C3 platform chemical for the biofuel industry
is discussed providing a brief overview of recent
industrial and researchtrends. About 1600 useswere
identified in the zoos forglycero\ anddespite the large
differentiation of existing outlets, the development

of glycerol demand in these traditional fields depends mainly on final users, whereas
is of concern of researchers the identification of new applications. The role of glycerol
as green solvent is therefore briefly analyzed and its role as cryoprotecting agent is
discussed, then examples of oxidative and reductive chemical or biochemical selective
activation of glycerol are presented and green metrics of alternative methods of
protection/deprotection of OHgroup are introduced. New approaches to the syntheses
of chiral derivatives from the achiral glycerol are also briefly analysed.

In the second part of this presentation, special emphasis is posed on glycerol
activation through insertion of the carbonate or epoxy units in the C3 glyceryl skeleton
and subsequent nucleophilic 0/0, O/N and 0,5 substitution. The chemistry of
glycerol mono-, di- and tricarbonate is revised and the synthetic potentiality of this
class of compounds is discussed, along with a direct approach to the synthesis of
glycerol carbonate alcanoates from vegetable oils and glycerol tricarbonate and of
monoacylglycerols by selective hydrolysis of these last compounds. A special emphasis
is posed on the use of microwave irradiation in the presence of silica gel for selective
functionalizations. New strategies to access aminoglycerols, i.e. serinol and isoserinol
derivatives, and related oxazolidinones are presented. Fromthese intermediates rape,
castor, tallow and coconut fatty acids amides can be developed with good emulsifying
performances useful as agrochemical adjuvants, whereas condensation reactions
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with isocyantes and esters can afford useful polyurethanes and polycarbonates with
controlled molecular shape. The potentiality of O-Alkyl derivatives (i.e. glycerol acetals
and ketals) as oxygenated additives for diesel fuels to improve performance and reduce
particulate is also stressed.

In the third part of the presentation, some key aspects related to the potentiality to
obtain glycerol-based linear or hyperbranched polymers are highlighted and the
possibility the develop stereocontrolled polyglycerol is discussed starting from isomeric
linear diglycerol dicarbonates.

(alli Iio.citte rio@polimi.it)
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SESSION 4-6:

THE SUITABILITY OF DIFFERENT BIOGENIC FUELS FOR USE IN
MODERN DIESEL INJECTION SYSTEMS

Heinz Stutzenberger
Robert Bosch GmbH, Germany

The necessity to reduce the consumption of fuel in transportation is undoubted. The
diesel engine itself contributes to the reduction of consumption by ZO-30% relative
to gasoline, which leads to reduction of CO, emissions of 15-20%. This effect can be
further increased by the use of the right diesel fuel of biogenic origin. Biogenic diesel
fuels are usually made from oil containing parts of appropriate plants. They differ in the
way the pressed oil is treated in the subsequent process steps, which also has a strong
influence on the quality of the resulting fuel, as does the plant used for oil extraction.
Bosch, which is the world's largest supplier to the automotive industry, develops,
produces and sells injection equipment for both gasoline and diesel engines, which
uniquely positions the company to interface the fuels and engines. This presentation
deals first with the Bosch common rail injection system, followed by a discussion of the
characteristics ofthree different categories of biogenic diesel fuels - plant oil, biodiesel/
fatty acid methyl ester (FAME) and biomass to liquid (BTL) - and their suitability for use
in modern fuel injection systems.

Some basic information about the conditions under which an injection system has to
work:

- the available injection time of 1.5 milliseconds, which is just about the time
available for the discharge of the flash of your camera

- under a pressure of 2,000 bar, which is just about the pressure which would be
generated if a medium-sized car parked on your fingernail

- injection quantity of 1 mm3/stroke, which is just about the volume of a needle
head

- 16,000 times per minute for at least 100,000 but mostly for 200-300,000 km.

It is worth remembering that the sliding parts of an injector have clearances of about
2-4lJm, which compares with the diameter of a human hair of about 6olJm. To be able
to inject and handle fuels under such conditions, the car manufacturers have set up a
wish list offuel characteristics, which may be condensed to a cetane number over 55, a
limited amount of aromatics and sulfur in the fuel, good lubricity, no dirt and no water.
No admixtures should be allowed, except a maximum of 5% FAME.

Unesterified plant oil can cause deposits on injectors, which deflects the spray
direction, reduces the flow, and causes both emission deterioration and torque and
power loss. It should be used as refinery feedstock or converted to
biodiesel. Although bio diesel/FAME is much more similar to petroleum diesel, problems
are encountered regarding its ageing behavior and its increased engine oil dilution.
Depending on the choice of feedstocks for biodiesel/FAME, there are certain properties
that cannot satisfy the requirements of the EN14214 standard for biodiesel. Synthetic
fuels or biofuels of the second generation have characteristics significantly better than
petroleum fuels and no negative properties are known up to now.

International Conference on Biofuels 207



esslon 4-

The following are the conclusions on the suitability of the three different categories of
biogenic fuels for use in modern diesel engine injection systems:

- Pure plant oil must not be used in modern injection systems and diesel engines,
not even as a blend component in a small quantity

- FAMEderived from piant oil can be used, at least in relevant admixture portions,
as long as the base methyl ester and the mixed fuel conform with appropriate
standards

- BTL offers the chance of a fuel that is superior to mineral oil based diesel
and therefore the possibility for comprehensive optimization of the engine,
fuel injection equipment and fuel, ieading to a significant reduction in engine
emissions, even from a modern, low-emission diesel vehicle.

(Heinz.Stutzenberger@de.bosch.com)
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PC Certification Data (EU IV certification at least)
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Injection Injection Injection
time characteristic pressure

min. Injection Injection
quantities frequency

Boundary conditions of Diesel high press. injection

1.6 ms f:;' 2000bar 1 m":.~Ok.
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~ ·,~,ft- ~

16000
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@25OHz
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Design of Common Rail System (RB 3. Gen. )
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Common Rail High Pressure Pump (RB CP3.2)

HP valve

cone drive

barrel lappet - ___

" HP connector
suction valve

gear pump
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Common Rail Injector (RB Piezo Inline Injector)

"Multiple Injecllon~

~ BOSCH
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Common Rail High Pressure Pump (RB CP3.2)

_ high pressure

c=:I low pressure
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Production of Biofuels for Diesel Engines

plantoU
processed
olantoll

• crushing ~ • purification P
• pressing • dehydration IL FAME

• desliming
• eslerilication

methanol • purification

biomass process gas BIL

• gasification • synthesis -
hdroenJy 9
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Typical molecular structure of triglycerides (plant oil)
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fallYacids

') typically paraltin chains
- with 6 to 24 carbon molecules
- partly poly-unsaturated (double bOnds)

~_::--c'--~la~ttY acid structure depends on raw malerial/feedstock
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Criteria lor Good Diesel Fuel Quaiity (according to ACEA
World-Wide Fuel Charter)

1. For Combustion, Efficiency and Emissions
\ Cetane number ~ 55
\ Total aromatics:s; 15 %
\ Polycyclic aromatics :s: 2 %
\ SUlphur content s 10 pprn

2. For Function and Durability of FIE
\ Lubricity, HFRR s 460 Jim
\ Dirt (Particles s 10 mg/kg (total contamination)
\ Water s 200 mglkg, no free water
\ No admixtures (FAME> 5 %, alcohol, ...)

@ BOSCN
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Overview of Standardized Fuel Characteristics
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19 . .
Unesterifle Plant Oil in Diesel

General Problems:
, bad cold flow behaviour leading to engine stall or filler blockage
, blends with Diesel fuel not to comply with EN 590
,dilution of engine oil eSPflcially when late injection is applied to

enhance after treatment (no evaporation possible because of low
volatility)

, spoiling of after·treatment eqUipment by plant oil born metals (Ca, P)

FIE related problems:
!. occurrence of slime caused by reaction of inorganic compounds with

fat and leading 10filter blockage
!. deposit formation on nozzles and in cylinders caused by long-chain

plant oil (Iriglycerides) and high metal ion content
I. deposit formation by ageing products in pumps and injectors, with

consequent function fouling
L----:_~:.incompalibility_wlth.elaslic.NBR,sealings,and.tubes_=- -I

OI!I0e4$ySlflms @ BOSCH
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Summary/Conclusions Plant Oils

deflected spray direction
flow restriction
especially at maximum needle lift

emission deterioration
Eur04 long term guarantee reqUired lor 100 000 km (Euro5 160000 km)
torque and power loss

\ unesterifled plant all not viable for modern fuel Injection J
~~Ipment and advanced emissIon req!:'lremenls .. _

23
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Esterification of Plant Oil
H H,

H-C-OH,
H,C-OH,
H·C-OH,

H

+ 3 CH3·00C-R1,2,3

,
H-C-OOC-R1,
H-C-OOC-A2 + 3 CH3-0H ~~,
H-C-OOC·R3,

H

triglyceride
(e. 9. rape seed oil)

methanol glycerine biodiesel
(e. g. RapeMethyIEst8r, RME)

typical cataly1;ts: NaOH, KOH, alcohylates

@ BOSCH23 ~'_""".'~.""'·'~"" """._" __ ~"""'~""~_""' __ ~""'d~_ •."'M""""'~""_~.'''''_'''
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Effects of Unesterified Plant Oils
~ plant oils (triglycerides) decompose during evaporation
at high temperatures due to their high molecular weight
~ Iriglycerides containing fuel remaining al Ihe nozzle
causes deposit formation at the nozzle tip and inside the

therefore strong limitation 01the di· and triglyceride
content in the European biOdiesel fuel (EN 14214) to max, 0.2

effects of deposit formation in Euro4 and EuroS nozzles especially high
due to reduced sprayhole diameters (150 to 100 pm)

@ BOSCH
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3. Characteristics of biogenic Diesel fuels and suitability
far use in modern fuel injection system

plant oil

biodiesellFAME (= f:atty Acid Methyl ~ster)

BtL (= .!!iomass 10 blquld)

4. Summary and conclusions
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Biodiesel/FAME: Fuel Ageing I
fuel ageing is intrinsic characteristic of biodiesel .
ageing to start after depletion of ageing reserve (induction period rp) •
FIE well suited for the use of biodlesel or blends as long as ageing J
reserve is not depleted
FIE not possible to protect from ageing products

, organic acids \ corrosion
; polymer deposits \ malfunction

mean system temperature to be main driver of ageing velocity (10 degr. C
to reduce ageing stability by factor 2!)
ageing stability of desulphurized fuel reduced if not properly counteracted

•
9 BOSCH
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Induction Period and Ageing Potential Determination
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Biodiesel/FAME: Engine Oil Dilution
driven by different boiling behaviour
drastically Increased when late post Injection for DPF regeneration
Is necessary •
consequences:

J. increase of engine oil Jevel
'- engine 011 ageing

i. deterioration oltribological oil characteristics
, overload of oil additivation
, deposit generation on piston rings
J. catalyst failures
'- fouling of blow-by and ventilation system
'- fouling of brake booster vacuum pump

@l BOSCH
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FAME Feedstock Composition
Rapeseed Rapeseed Soybean him ENComposition Unit Oil ME Oil ME Oil ME 011ME 14214lowerucl( higheru<ic

C 12:0 "m/m - - - "' !C 14:0 "m/m - - - '-2
C 16:0 "m/m H 2-' 11-12 .l-<,
C 18:0 "mfm H H ,-s H ICl8:1 "mfm S5-6S 14-18 23-25 37-46

CI8:2 "m/m 21>-26 " S>-S6 9-11

C 18:3 "m/m 8~ 10 8-10 6-' 03 <E2
C2<>.o "m/m - , - 03 t
C 20:1 "m/m H 7-9 - - i
C22:O %m/m "' - - - ~
C22;1 "mfm - 45-52 - - jC24:1 "m/m - , - -
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Ageing Characteristics of Diesel, B5 and B100
Ranclmat EN 14112

---_._-~
important: ageing
velocity doubled
in case of 10°C
temperature increase

•8100 .... ,.111<'
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Biodiesel Low Volatility· Engine Oil Dilution

...-_" •diesel particulate filter (DPF)
required in order to reduce
passenger car emissions

DPF regeneration by means of late
pos1-injection

higher entry into engine oil and less
evaporation via crankcase
venUlation

\ deterioration of engine oil quality

(

,L,-:.-:.-:.'-.'-.'-7.~.iJi.,,".:"l..
'--;;:==-----------'--"-::--::-c-,--'
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FAME Properties Depending on Feedstock
Rapeseed Rapeseed Soybean Palm Oil ENPropenles "M 011 ME Oil ME ME
Ioweruc:k tTirgtTeruc:k OilNE (POME) 14214

~
Density IS'C "1m 875-900 8n{2()"Q "'''''0 8S9-87S """'" ~
kin. Viscosity ."f.6,30 3.50- •
"'C m"Us 3.S0 - 5.00 - 3J)S - 4,08 s.oo j
aoud Point 'C -3101 0 -2102 nL16 • - ~

-2/' I'-;-1;J O/-JD/ ~CFPP 'C -1910-8 - -20 t,jodi ";'-,,r ~Iodine value UK" 96-117 98-108 <1" i
Flash point 'C 153-179 - / l~tn 15S ~174 >1,. ~
Cetane ,//' jnumber <9-62 4S-55 Ol->O .51

POME B100 : FUeldelivery ,/ /POME 8100 and blends: Riler clogging at
prob\em$ at low \empe(ature low 18rnpelalufl)

30 ",..,..._....,,~ __ ""'",_ ..__ ".. _d_...__ ..._ .._d_
.....~--_•.•.:.,.~_. - - I§l BOSCH
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FAME Feedstock Boiling Characteristics

-~:.-"~:;;::.:""ik".....=-------j
".l'--------------I

"" , '" .. .. '"
Large volume biodiesel feedstock show boiling points between
330 and 340°C, not diesel-like boiling curves.
No means to reduce the boiling point 01 FAME by chemical means
except hydrogenation.

@l BOSCH
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ESC Test Result Estimation at NOx=1 glkWh
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Summary/Conclusions Biodiesel/FAME

\ risks associated with biodieseVFAME:

>. ageing products (acids, polymers) in FIE

). engine oil dilution

>. ash generation in exhaust gas

\ usage possible, but preferred as admixture component

at blend rates not larger than 10% for area-wide use

with ageing stability of
> 6h minimum in the neat FAME

>. 20h minimum in fuel mixture (measured by ENt4112 modified)

>. eventually adoption to different climates necessary

higher blend rates only possible under monitored conditions (storage

time, ageing stability, fleet management ... )

@J BOSCH
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Xtl (= Btl, Ctl, Gtl)
\ XtL Diesel Fuel exhibits properties largely in compliance with the demands of

a modern fuel injecfion system, but partly diffetent to Diesel according to
EN590 (density) or field quality (cetane number)

\ combustion related properties are better than those of conventional Dieset
due to missing aromatics and sulphur components

\ for optimum results an adaption of engine calibration is necessary when pure
XtL is used

\ for low blend rates no calibration adaption is necessary, but lower advantages
to be expected under these conditions (preferred short and mid-term solution
from Bosch point of view)

lor an area-wide release intensive fleet testing is necessary to assure long
term durability of the injeclion equipment

\ XtL to offer chance for comprehensive optimization of engine, FIE and fuel for
homogeneous Diesel combustion processes

@ BOSCH
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Summary I Conclusions Xtl

fuel characteristics equal or significantly better compared with
mineral oil based fuel

no negative properties known up to now, if lubricity is adjusted

fit for use as admixture component and as neat fuel if validated

chance for comprehensive optimization of engine, FIE and fuel
with target to reach significant emission improvements for special
applications (e.g. fleets in megacities)

@ BOSCH
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Summary / Conclusions
plant oil

, not suited for use in modern Diesel engines, mainly because of
deposits in FIE and cylinders and of filter blockage caused by slime

, llse as refinery feedstock or conversion to biodiesel

FAMEfbiodiesel

, suited as admixture component up 10 5 - 10%

" higher portions risky as ageing stability of mixture reduced (risk of cor-
rosion and deposits in FIE), only possible under monitored conditions

BIL

>. suited as admixture and as neat fuel with potential to significantly im-
prove engine emissions by comprehensive optimization of engine, FIE
and fuel (durability of FIE not yet proven, but no problems expected)

>. !=1referredsolution for use of large ~,""~"~ti~ties=of=b~;o~f"~e~I-:;:: -,
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SESSION 5-1:

PRODUCTION OF BIOGAS FROM PALM OIL MILL EFFLUENT

Anhar Suki
Golden Hope Plantations Sdn Bhd., Malaysia

This presentation deals with Golden Hope Plantations Berhad's experience in the
field of biogas production from palm oil mill effluent (POME). Since the seventies, the
palm oil industry has been using anerobic digestion for treatment of POME before the
effluent is discharged outside the milling plant. Environmental regulations in the past
necessitated treatment of the effluent as a matter of compliance. Today, however, it is
the Clean Development Mechanism (COM) under the Kyoto Protocol regime that has
made the palm oil industry reassess the treatment system with regard to the possible
capture and utilization of the methane in the biogas from POME. As methane is one
of the greenhouse gases causing global warming, reduction of its emission may lead
to the awarding of carbon credits, which can be sold to bring in extra income to those
undertaking such reduction projects.

In Malaysia, about 50 million tons of biomass, as well as POME, are left over per year as
more palm oil is produced. More than 80% of the palm oil mills use a ponding system
for treatment of POME that is emitting biogas. At a 50 metric tons/hour palm oil mill
operated by Golden Hope, about 25 m' of biogas (consisting of 60% methane and
40% CO,) is produced from 1 ton of POME. With this biogas, it is possible to generate
1040 kWe of power. We may thus be awarded carbon credits of about 28,000 tons of
CO, equivalent per year. These are referred to as Certified Emission Reductions (CER),
which may be sold for US$140,OOO at a price of US$5 per ton. The price of carbon credits
depends on the point at which they are sold in the project cycle.

There are five options for the utilization of the biogas captured and treated: 1) power
generation with 800 kW micro turbine (project cost: RM4.0-5.5 mill or $1.1-1.6 mill),
2) power generation with 800kW gas engine (RM4.0-5.5 mill or $1.1-1.6 mill), 3) direct
burning in boiler (RM2.0-3.5 mill or $0.6-1.0 mill), 4) flaring (RM2.0-3.5 or $0.6-1.0 mill)
and 5) conventional lagoon (RMo.4-0.6 mill or $0.1-0.2 mill). One example from one
of the Golden Hope mills where a tank digester system is installed is the capture of
methane gas for direct burning in a boiler. It costs RM3.3 mill or $0.9 mill and reduces
emission by 28,770 tons CO equivalent per year, worth RM503,475 or $143,850 p.a. The
Internal Rate of Return (IRRJ is 12% and its payback period 7.0 years. We have a further
option we are now evaluating, which is whether to install a micro turbine (160kW) at the
cost of RM1.2 mill or $0.34 mill or a biogas diesel engine of either 280 kW at RMo.29
mill or $0.08 mill, or 1000 kW at RMo.97 mill or $0.28 mill.

For the future, we have been developing a better anerobic digester system in
collaboration with Nagaoka University of Technology, Tohoku University, SIRIM and
Ebara. It is a reversible flow digester system which basically maintains biomass in the
center of the reactor and reduces the washout to have a retention time of 10 days.
With this technology, 90% of the chemical oxygen demand (COD) can be removed and
biogas is produced at the rate of 23-25 m' per ton of POME. We have a pilot plant of
200 tons capacity. There are some slides that illustrate systems that other mill owners
have adopted inside or outside Malaysia. At Golden Hope we not only implement the
anerobic digester system for collection of biogas as an improvement to the process, but
also use a composting system.

The company has always considered biomass as a resource rather than as waste and
used it for various purposes.

(asuki@goldenhope.com)
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Production of Biogas from Palm Oil
Mill Effluent

Dr. Anhar Suki

Golden Hope Plantations Berhad
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POME production (mtlyr)
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PALM OIL MILL EFFLUENT (POME)

*Golden Hope
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Biomass: Resource - Usage 4F--
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POME Treatment - current 4F--
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Effluent Treatment Plant

9

ETP - Development

11

Kyoto Protocol

8--------------,

Effluent Treatment Plant

10

Kyoto Protocol

12

COM impact at project level
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ETP - Biogas production
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POME

~ Cooling H Mixing

Methane

H~nLbi'H-:--:-:-l~Aerobic

'Land
application
-Com posting

-Water course

15

17

Biogas plant - Potential income from COM ~_.-
~iif::;~,~,,~:c~.~,._~~": ·cot·:::: ~I'''incomefrom~\' " Incom~from

capaclty~, . p~\.lctiO~ ~ul'lalen( ,. COM" t:' '. :. cOM:'"~ f.! f~·~~;i~j'{('ri;tyr)~' ,:'(@uSosimt' . ~@U~D7/mt(mtIhr): ~

r"""" 1;~(;\~;,....::::,:.~,.,~{~~!?,~;~_:~~~" ..···C02)?~rt~ "",Jr. '~\ '!iJ : ",t..· (RMfyrlr,,:~l:: :..>1RM/Yrj
30':~~~~.... ··'ltc" ...., '. .....) ;i).';1722i)f'i :':r'301;350:-;~; .r~1~a90/';'.r>.J. r,:. _;_8~? ;/I'li ·~>u.'. sl 'L' ',1".,.,.

5O:~~,iIt..~1.3io~.r.4fj ,., ..'{'
?~t'~03,47~-~: \.:704;865#"l"'if. '~(~_~"""",~'.'/:. ':,ft.8'7JOJtr. " .

!;~)f;£lt':;~'.~·~4!~?·;:;;"'f ",-r, .;- - 9:?4'OSO I'• h~265,670't ,~~~~~.f" ,, ,
1:~~t::~~!NPi?;~~?:~'';:7":.'-'''''-' ',.

h(687,560r;$~k~80\~i ;.?,1,~~.~,~,;..., , ,-",' .,
:'~;'X';';;;";';*i.j-;;'~~!\1>~:.?;.-'~~ff.,'-;;". "' .• ' ;) ~;·,~:,.t:i>\(.,. '<'
~',\:-:':\~it, ,:'.,jJJH ~~ }.$' , ,"A' ':1 .,
~"'};'-- •.+ •...'," - .'~' . ",: " .1:.

14

ETP - Biogas production

• 8109a5 power generatlon

oland ~ppliCiltlon

"""'''''"'.Water course

16

CERs PRICE

PRlCeOF COM I JI EMISsION REDUCTION IN 2006

US$p«IC021

j"

"
" t

18

WOM POME Blogas Plant 4?F._-

International Conference on Biofuels 223



esslOn 5-1

WOM POME Biogas Plant

21

RABR Pilot Plant Project WOM

r
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Other system - covered pond 4'f--

20

RABR Pilot Plant Project WOM

22

RABR Pilot Plant Project WOM 4'f--

24

Other system
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25
Covered lagoon-type digester project for a 3000-sow farrow-to-
finish swine production facility In Thailand; CleanThal. Inc,
Bangkok. Commissioned July, 2001

[

27

Covered lagoon methane recovery system for 200-eow dairy
including a 30 KW microturbine for electrical production at the eal
Poly dairy; Commisioned Summer, 2001.

WIlliams Engin6llring Associates

26
Covered lagoon-type digester project for a gOO-sow farrow-la-finish
swine production facility in the Philippines; PhilBio, Inc, Manila,
Commissioned March 2001.

28

Other system - All in one tank

30

Golden Hope

Thank you

M Flisol 2007
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SESSION 5-2:

TECHNOLOGY FOR EXPLOITATION OF WASTE FROM PALM OIL PRODUCTION:
GASI FICATIONjPYROLysls

Ferrucio Trifiro
University of Bologna, Italy

Nowadays, biomass is an important source for the supplementation of declining fossil
fuels. There are three routes for chemical conversion of biomass: thermo-chemical,
biochemical or chemical technologies. The thermo-chemical route includes combustion,
pyrolysis and gasification of biomass. Combustion is oxidation at a temperature higher
than 1000°C with excess of oxygen, while pyrolysis refers to the thermal degradation
of biomass at 300-6so°C to a liquid, a gas and a solid in the absence of an oxidizing
agent. Gasification involves partial oxidation at a high temperature, between 650°C
and 900°C, resulting in the formation of a gas that consists mainly of carbon monoxide,
hydrogen, methane and carbon dioxide.

The gasification of biomass wastes produces non-condensible gas and an ash residue.
Unfortunately, various contaminants normally remain, which is a major challenge for
gasification. The contaminants causing trouble are particulate, alkali metals, tars
and catalyst poisoning species. The three objectives of the process are therefore to
produce the gas, clean it by removing the contaminants, upgrade it to syngas and then
to transform to liquid fuels.

The main parameters of the gasification process are: temperature, pressure, the type of
gasifier and the type of catalysts or bed material used inside the gasifiers. The properties
required ofthe catalysts include: the ability to remove tars and to reform methane to a
syngas, resistance to deactivation, ease of regeneration and economy. The performance
of typical catalysts is discussed on a slide. Professor Trifiro and his team are working on
an European project on the sixth framework program called CHRlsGAs to establish a
technology to produce a clean, hydrogen-rich, synthesis gas by gasification of biomass,
using a new type of catalyst resistant to deactivation by the contaminants.

Pyrolysis of biomass always produces a liquid called bio-oil or pyro-oil, a gas and a solid
residue of char and ash. Flash, fast and slow pyrolysis are the main processes involved,
flash being the most efficient. Heating rates and liquid fractions vary considerably in
each of these, although the operating temperature range of 500°C-600°C is the same
for all three processes. Catalysts are also used in pyrolysis to reduce the tar content in
the gasification bed and in the gas cleaning reactor. Compared with petroleum diesel,
bio-oil contains only about half as much carbon and hydrogen but large amounts of
oxygen and water, which is a great drawback. The oil is immiscible with diesel and has
a low ignition temperature. The organic acids in it are highly corrosive and char in the
liquid can block injectors or erode turbine blades. The oil is also unstable and has a very
unpleasant odor.
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Thus, it is very important to upgrade the bio-oil resulting from pyrolysis because of
the unfavourable properties mentioned above. There are two ways to upgrade bio-oil:
catalytic hydrotreating or steam reforming. Bio-oil can be used to extract chemicals,
produce transport fuels after upgrading, produce power and heat or for gasification.
Coupled pyrolysis-gasification offers advantages because it is relatively free of
contaminants. Excessive gas cleaning is therefore not required in the gasifier, thus
reducing the cost of biomass transport.
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To sum up. four alternatives exist for producing fuel by thermal conversion of paim
oil waste: production of bio-oil. upgrading of bio-oil to obtain a fuel equivalent to
petroleum light oil. gasification of bio-oil and further chemical transformation of the
gas. and. finally. direct production of gas and further chemical transformation to obtain
Fischer-Tropschdiesel. hydrogen or di-methyl ether CDME),

Cferruccio,trifi ro@unibo,it)
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310 = '01J PI0§J!JnJ!J;;
Property Pyrolysis Oil Diesel Heavy Fuel all

Density at 15'( (Kgfml) 1220 8" 963

%C 48.5 86.3 86.1
%H ,.. 12.8 11.8

%0 42.5 0.0 0.0
%5 0.0 0.9 2.1
ViscOSity at 5O"C (cSt) 13 2.5 351

Flash point ("C) 66 70 100
Pour point (0C) ·27 -20 21
Ash (wt.%) 0.13 <0.01 0.03

5 (wt.%) 0.0 0.15 2.5
Water (wt.%) 20.5 0.1 0.1

,
LHV (MJ{"-g) 17.5 42,9 "".7 I
Addity (pH) 3 ,
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SESSION 5-3:

DEVELOPMENTOFCELLULOSICBIOETHANOL

Franziska MUlier-Langer
Institute for Energy and Environment, Germany

Within the worldwide discussion with regard to energy supply security and climate
change, as well as technological and economic issues, bioethanol for transport has
taken center stage as a promising option. Current bioethanol production, depending
on the region, is focused on the use of sugar and starch feedstocks such as sugar cane,
maize and cereals. More than 50 million m' ofbioethanol was produced in 2006, 75% of
which came from the United States and Brazil. Europe's total production amounted to
approximately 4.5 million m3,primarily in Franceand Germany.The existing production
facilities are based on biochemical alcoholic fermentation technologies, which are
matured and commercially available with very different concepts and capacities. This
presentation gives an introduction to the keytechnological, environmental andeconomic
aspects of first versus second generation bioethanol from a European perspective.

Three kinds of feedstocks may be utilized to produce bioethanol - containing sugar
(beets or sugar cane), starch (cereals or maize) or lignocellulose (woody/herbaceous
residues and energy crops). First generation technologies convert sugar or starch into
glucose, which is then fermented, distilled and purified to produce very clean bioethanol.
However, the current strong demand will unavoidably require the use of lignocellulosic
feedstocks for future bioethanol production. Under second generation technologies,
there are three paths to convert lignocellulosic feedstocks into bioethanol: firstly,
biochemical or fermentation, secondly, thermo-chemical or gasification and thirdly,
pyrolysis plus gasification.

But what actually is Iignocellulosis and what challenges are involved in using it for the
fermentation process? Lignocellulose consists of cellulose, hemicellulose, lignin and
other substances. Thesecond generation technologies that employ fermentation consist
of sections for mechanical treatment, pre-hydrolysis, separation, cellulose hydrolysis,
C5/C6 sugar fermentation, distillation and final purification. Emerging technologies
already exist for the pre-hydrolysis and cellulose hydrolysis sections. For the former,
liquid hot water technology and ammonia fiber technology are considered promising
and for the latter, enzymatic hydrolysis. There are some obstacles (bottlenecks) in the
biochemical or fermentation process, such as the high energy demand for mechanical
pre-treatment, high enzyme consumption, trade-offs between the costs of cellulase
production, a lack of effective enzymes and the need for development of suitable
anerobic micro-organisms.

Another second generation technology is the thermo-chemical conversion or
gasification of lignocellulosic feedstocks. Various obstacles still exist in this process.
Biomass gasification is still more or less at the R&Dstage. In addition, not every gasifier
is suitable for every type of biomass. The gas also needs to be cleaned but not all the
technologies for this step are mature yet.
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The economic aspects of the biochemical or fermentation process are listed on a slide to
show that both capital investment and operating costs are higher for investments based
on second generation technologies. This is partly because of the greater complexity
of the technologies and the cost of the enzymes. Thus, one of the main obstacles
to be overcome is reduction of the total production costs. From the environmental
aspect, second generation technologies further reduce greenhouse gas emissions and
provide better returns on non-renewable primary energy relative to first generation
technologies.

There are no plants operating commercially using second generation technologies.
However, pilot plants are up and running in Canada (logen), the Netherlands (Nedalco),
Spain (Abengoa), Denmark (Elsam A/s), Sweden (EU NILE Project), as well as in
the USA, as shown on the slides. It is hoped that the challenges will be met and the
development of efficient second generation technologies completed so that bioethanol
will be commercially produced in these ways in the future.

(franziska.Muelier-Ianger@ie-Ieipzig.de)
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Bloethanol market

Global production 2006
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Characteristics of bio·chemlcal ethanol production

Lignocellulosic biomass treatment
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complex polymer 01 phenyl propane
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HemicellUlose
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sugarl, 20 1040%

"""
• Lignocellulosic biomass: carbohydrate pOlymers (cellulose and hemicellulose

polysaccharides), lignin and a remaining part (acids, salts, minerals)
• Thus, lignocellulosic biomass treatment for bioethanol production is comparatively

more complex than for sugar and starch biomass
• Removal of lignin ~ not biodegradable, use e.g. as combustible by-product
• Hydrolysis (saccharification) of cellulose and hemicellulose into simple sugar

components C5 (pentose such as xylose, arabinose) and C6 (hexose or
... _g!~~~e) the;,.~~ermented
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• 1st versus 2rld bioethanol generation

• Technical, economic and environmental aspects

3. Overview of exemplarily concepts and demonstration plants

4. Conclusions
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Key process steps of 1st and 2nd generation
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@ Characteristics of bio-ehemlcal ethanol production
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Characteristics of bio..chemlca! ethanol production

Comparison of concepts
..

I
SH'
separate hydrolysis farmentation

CHARACTERISITICS

-Replace of cellulose acid nydrolysis with cellulase
enzyme hydrolysis

-C6 and C5 farmentalion in series or in parallel

SS,
simultaneous saccharificaUonl
leilnen\1!>lior, C6

-Consolidates cellulose hydro'~'Se$ with C6 fermentation
~ reduction of reactors

-Ba\;:,ca'Ay B'Ii!Mab\e

SSCF
simultaneous saccharificatioN co-
fermentation C5JC6

-Consolidates cellulose hydrolyses with C6 and C5
femlenlation

-Pilot scale

CBP
consolidated bioprocessing

·Cellulase production and fermentation in one reactor
-Use of anaerobic microorganism
-Currently al basic research
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~ Characteristics of thermo«chem. bioethanol production
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• Characteristics of bio-chemical bloethanol production
Economic aspects

! . 1" GENERATION . 2nd GENERATION -
Feedstock Molasses Corn Straw Straw Wood

Plant location Germany Germany Germany Netherlands U.S.
Capacity 60,000 m'la 200,000 m'fa 215,000 m'/a 190,000 m'la 198,000 m'/e

ITotal capital invest. 30mnE 150 mf1 € 235 mn € :325 rnn€ 235 mn US$ I
Production =Is <A <A <A <A US'"
Capital 0.05 0.11 0.12 0.19 0.18
Othel 0.06
Op<Jralio~ 0.09 0.15 0.12 0.12 0.25

E~es 0.01 0.22 004 0.05
Feedstock. 0.29 0.26 0,24 0.14 010
Credit by-products -0 -0,08 -0 0,02

I Total (net) 0.42 0.45 0.70 0.55 0.56 I
Total (net) fuel eq. 0.65 0,69 1.08 0.84 0.86

• Real enzyme conversion cost (costs per liter ethanol) is very difficult to estimate
~ rlepends on 1eerlstoc\l.types, pre-treatment processes, efficiency of C51C6
enzymes

• Estimated average enzyme cost about 1 USD/gal EtOH (0.35 €II) with associated

I
ethanol cost of 3 USD/gal (approx. 1 Ell) ~ further reduction in enzyme costs

"""-""'---""""''''''''''' ..'''''''''''.- "

8

• Characteristics of bio-ehemlcal bioethanol production
Bottlenecks 01 technologies

CORN CORN STOVER • High energy demand for

III RI mechanical pre-treatment of
lignocellulosic biomass, e.g. for

.- acid hydrolysis

0<1°"'"" rn,. • Currently large amounts of

,~.~ '~"~I
C,,"ulo ... er1.zymesare required to produce

~ SlOroIl ..
Ii<Im'4! n% sugar and lignin

""'u"'" .. Trade-off between cellulase,~ ,"'.
""1M,, ... F production costs and costs of

31'1'0 ~~.=:, hydrolysisJfermentation
C5.og ....

• Effective enzymes (e.g. cellulase,,~

..~ xylanase, glucosidase) to

"' sirnutaneously hydrolyse cellulose
and hemi-cellulose into C5 and C6-

Yield Yield: ;% sugars
432~""" 2731 .... ",I1o,y"""""",,,

8 Development of suitable anaerobic
Enzyme usage: ~~~~l11a usaga: microrganism
appro~ 26g_n a 'o~,26 I- ..•-.- •

,
,

10

~ Characteristics of thermo-ehem. bioethanol productionlCS' Bottlenecks oftechnoiogies

Gasification & gas treatmenl
8 All concepts for synthetic biofuels in R&D stage; development of biomass

gasification so far primarily focused on CHP, less on synthesis gas production
• No gasification technology is a piori suitable for biomass; selection stronglY

depends on properties of biomass feedstock::> quantities of gas impurities
depend on type of gasifier; particu1arty removal of e.g. tars and particles, alkalis

• Wet gas cleaning (e.g. Rectisol) well proven for large-scale roal gasification
• Hot gas cleaning offers benefits in terms of efficiency and sewage avoidance;

but not all elements are of matured technology
8 Application of basically available and matured technologies (e.g. steam

reforming, water gas shift) for achieving the required H2/CO ratio of the
synthesis gas; so f.u only limited experiences for required scale

Synthesis & fuel treatment
• Limited experiences regarding .green'· synthesis gas and expected plant scale
8 Requirement of productive synthesis catalysts making the process

economically feasible (high crml/efsion and el.hancl selec\il/it'j)
8 Development of separation technology for alcohols mixtures

""-""",-- "

Characteristics of blo-chemical bloethanol production
Environmental aspects

J 3.00

, 2.50

• 2.00

~ 1.50.,
'00

.~• 0.50

I 0

~~"
j .1.00

~-1.50

0 J I~~~.~~ij j
Ll III ii5

-1.5103.0 _ -11 _-20 RetumoollOn-n;nawable
Conventlon(lficoncepts Integrated ugnocellulosepnmaryellOrgy~..JMJ~

concepts concepts

"

International Conference on Biofuels



13
~Overview of existing concepts and demonstration plants
~ logen, Canada

=======• Demo plant in Onawa, Canada

• Fuel capacity:3,OOO m3fa (2.4 11<3)
using wheat, oat, and barley straw =
start up in 2004, upgrading in 2006

• Modified steam explosion
pretreatment and patented enzyme

• Use of lignin in a CHP that generates
the energy needed to run the
demonstration facility

• Use of cellulosic EtOH for its own fleet
of 13 vehicles and fleet vehicles of
two Canadian government
departments

• Plan to license ils technology for first
commercial plant of expected fuel
capacity of 75,000 m3}a (approx. 60
ktla) using com stalks and cereal
straws = potential sites: north central
Saskatchewan, east central Alberta,
and southeast Idaho

15
~Overview of existing concepts and demonstration plants'.fl9 Abengoa, Spain

• Pilot scale planl in York, (Nebraska, US) . •= evaluation of novel biomass !/c:3=>
fractionations, processes and I' ".. , ".. >1 = I
valorisatlon of all process streams '-;;~~;~

• Demonstration plant in Babilafuente f
(Sala~anca, Spain) :Ievaluation of the ( "'=' >1 _ I~
upscallng to commercial stage ~

• Focus on enzymatic hydrolysis "\.)-

technology I {,= ;>1 '-==:r 1<=3
• R&D on biological deconstruction of "\./

biomass to produce defined enzyme

mixes for each specific case ~( .... )

• Advance in the sugar fermentation to •. .. .ethanol through the engineering of
microbial systems ( ":'~~';.a:)

• Development on thermo-chemical
bioethanol production via gasification .-
and synthesis :I focus on synthesis . -
catalysts development ............------ 15

17
~Overview of existing concepts and demonstration plants
~ EPAB/ETEK/SEKAB,Sweden

• Pilot plant demonstrating the
complete process from forestry
residues to ethanol built on
Omsk6tdsvik within the frame of the
EU-project NILE "New Improvements
for lignocellulosic Ethanol"

• Capacity: 300 10 400 lid (approx. 2 Ud
dry matter) :I start up end of 2006

• continues operating ethanol
production inclusing two-steps dilute
acid- and/or enzymatic hydrolysis

• Investment 22 Mia. €
• Owned by holding companies of

Umea University and Lulea
University of Technology (EPAB)

• Use of ethanol in bus fleets --~--~--_.....-

14
~Overview of eXisting concepts and demonstration plants
~ Royal Nedaleo, the Netherlands

• Nedalco has announced to build a
bioethanol plant in Sas van Gent, e
Netherlands :Ioperational end 2008 aem.

• Running on wheat residues
containing CS sugars and using a
patented yeast that it has developed ;f.'.)'
itself that can convert xylose :..~
(hemicellulose) into bioethanol .

• Plant capacity: 200 mn Ifa (158 kUa) Q
• Investment t 50 milUon €

16

~Overview of existing concepts and demonstration plantsIIiS' ELSAM AlS, Denmark

• Pilot plant demonstrating the
complete process from straw to
ethanol bum on Fynsvaerket (power
plant of Elsam NS) within the frame
of a large EU-projec:t

• Capacity:1 000 kg/h (straw reception,
mechanicallreatment and thermal
pretreatment) :I start up in 2005

• Operation period: more than 600
hours

18

.~,

Conclusions

• Currently more than 50 million m3 of bioethanol were produced worldwide in 2006
(leader Brazil and the U.S.)

• Fermentation technologies for sugar and starch crops (1st generation) are very
well developed :I limits, e.g. crops with high value for food application

• Use oflignoceJluloses promises a larger non-food crop variety (e.g. woody and
herbaceous residues and energy crops) ::llarger capacities and in future lower
costs are expected at favourable environmental effects

• Basically technologies fOf lignocellulosic biomass conversion to bioethanol are
available :I three main regions have a start in cellulosic ethanol: U.S., China, EU,
end of 2006 appfOx. 13 pUoUdemo plants

• 20d gen. demo plants (bio-chemical) are often planned as annex planls to 1st gen.
plants = currently no commercial operating lignocellulosic bioethanol plant

• To obtain economic performance at commercial scale a number of R&D and
technological breakthroughs is required, e.g.

• For bio-chemical plants: production of efficient and cheaper enzymes and
microorganism for C5 fermentation

• For thermo-chemical plants: similar to all BIL-fuels regarding the whole
production chain

• Broader market implementation of commercial large-scale plants after 2010

"
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Outlook
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DEVELOPMENT OF CELLULOSIC BIOETHANOL
An overview from the European perspective

Institute for Energy and Environment DipL-lng. Franziska MOiler-langer
non profit research company Tel. +49(0)341/2434-423
TorgeuerStraBe 116 franziska.mueller -Ianger@ie-Ieipzig.de

04347 Leipzig, Germany
Dr.-Ing. Daniela Thr~n

www.ie-Ieipzig.de
Tel. +49(0)341/2434 - 435

Tel. +49(0)341/2434 -112
daniela.thraen@ie-Ieipzig.de

Fall., +49(0)341 { 2434 - 133 """
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SESSION 5-4:

BIOMASSTO LIQUID FUELS:SHARINGEXPERIENCE

Colin Chin and Eric Holthusen
Shell Global Solutions (Malaysia) Sdn Bhd, Malaysia

The presentation covers the energy challenge, the development of liquid hydrocarbon
fuels and how biofuels can help to meet the challenge.

The number of vehicles on the road worldwide has increased from 80 million in 1950,
emitting up to 70 million tons of carbon into the atmosphere, to 900 million in 2000,
emitting at least one gigaton. Over two billion vehicles are projected by 2050, with
emissions amounting to two to three gigatons. The major challenge is how to supply
energy for transport and industrial use in environmentally and socially responsible
ways. Liquid hydrocarbons have fueled transport over the past 100 years and have
evolved to meet the increasing demands of consumers and society, resulting in better
performance and compliance with emission requirements. However, whilst emissions
of pollutants such as NO" carbon monoxide and hydrocarbons have all gone down
considerably; CO,emission remains steadily high (e.g. in Europe).

Biofuels are made from biomass, which is plant matter or organic waste and generally
produce less CO,over the life-cycle compared to gasoline or diesel. The exact amount
of CO,produced varies according to the feedstock and the manufacturing process used.
First-generation biofuels are derived from food crops and can be used in today's cars
and trucks at low concentrations such as 5%' or 10%' without engine modification,
whereas modified vehicles are necessary for high concentrations such as Bl00' or
E100'. The main challenges for first generation fuels are vehicle compatibility, lower
energy density, economic, environmental, as well as social sustainability issues.

Second generation biofuels are derived from biomass residues and seen as the
sustainable fuels of the future as they do not compete with food resources and have
a far more favourable greenhouse gas balance. While Shell is a leading distributor of
first generation biofuels, it is focusing its efforts on second generation biofuels, one
of which is Biomass to Liquids (BTL).Shell's expertise in gas-to-Iiquid technology via
Fischer Tropsch synthesis enables it to convert gas from various sources into synthetic
liquid fuels, hence the term "XTL" where X could be G for Gas, C for Coal and B for
Biomass. The company has a gas-to-liquid plant in Sarawak. Malaysia, using the Fischer-
Tropsch synthesis process to convert natural gas to liquid fuel. The properties of Shell's
XTL fuels are identical irrespective of source, and far exceed the requirements of the
ENS90specification for diesel. XTLcontains no sulfur, has a cetane number of over 75.
has a lower carbon/hydrogen ratio and a very high calorific value. Its benefits have
been demonstrated by Shell in both heavy and light duty vehicle trials as well as on the
racetrack.

Diesel engines
Gasoline engines
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The concept of Shell BTLfuel is the combination of the advantages of its XTLfuel and
the use of sustainable biomass feedstocks which gives a reduction of up to 90% in
greenhouse gas emissions on a well-to-wheels basis compared with fossil diesel. Shell,
in collaboration with Choren Industries, has therefore been researching the production
of synthetic diesel from biomass residues such as wood industry waste and forest and
agricultural residues. Integrating the expertise of Choren's gasification and Shell's
Fischer-Tropsch, the Carbo-V®BTLprocess has been developed to produce a premium
quality synthetic diesel which is fully compatible with conventional hydrocarbon diesel
engines and carbon neutral at the same time. The first industrial-scale (Beta) plant,
with a capacity of 15,000 tons per year, is under construction in Germany and expected
to start up in 2008. A full-scale commercial (Sigma) plant of 200,000 tons per year is
under planning.

(Colin.Chin@Shell.com)
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The Energy Challenge:

HIffi can _ m", th1! 9fowing dtlmand for "cure energ'J in an
environmentally and socially responsible way?

z
Introduction to biofuels

Made from blomaes - plant matter or o'V"nlc Witte

Generally produce lees CO, over IIfe-<:yclecompared to
gasollne/dlnel

v~ry by flHldstock, mlnufacturlng process, CO2 production
and cott

Can be used In today't vehicles at low concentretlon blendt
with petrol/diesel

Higher concentrations typically require modlfl'" vehicles

Can contribute to Incressed energy security
and economic development

Fin" 1/H'8rallonblo!uflla
madefrom food crop.

•. g. "'peeeed, soyab8llna

~

Chal~gesillmitation.

~"::\ • • Lown, energy dens,ty

~V . Typ.cally more e.pens,ve,~"
• Suslainablllly Issues (first generation blOwels)

Sec:ond generationblotu.lo
made from agriculture

iIorllSlry __ • e.9. straw.
woodchi~

2

Shell. The evolution
of movement continues

4 -.

Content overview

The energy challenge and the development of liquid
hydrocarbon fuels

How Biofuels will help to meet the challenge

- Biofuel options

- ShellMCHORENBTL process

- Shell BTL fuels

Conclusion

6
Liquid hydrocarbons have fuelled movement for over
100 years. Fuels have evolved to meet increasing demands
of consumers and society ..~.~--•-.-~.. i;. .w'" =0""-" • ImPJ'O'/eperformance

• Technologyand . . .:".j 'Graal<lrfl<u:ibilltyinfr38tn-:ture_blished
·ca.I""'&Cl,va

,
Local air emissions In Europe: act .....l and "',..... ,.... ,.. pr jected'.

~

,,, Cleaner road.. transport fuels have
enabled the. inlrodue:tjonof.. cleaner vehicle.. technclogies

,- ,- - - ... "" -
0<0 0.." 0 ........ 0_ ..... _ ."" 0'0' ~"""",. ..~..,.'" ,,-.,...

8

Shell has invested in leading biotechnology companies to help
commercialise second generation biofuels

Second generation
blofuel
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I~""'Biofuels options for Diesel

.?~.A'1!.n..E1@lion.
biofuels from crop
residues and wood

Not approved by OEMs Fully compatible with Diesel.
same properties as XTl

Superior
performancc:::} unsuitable

11

Biomass 10 liquids - using XTL technology for biomass

• Biomass to Liquids {BTL) ,,, ...1 is IdRnli",,1 syntlwtic product to Gas to llquld'll (GTL)
fU1l1

• ell offers significant r&ducllons In 10ClilIemissions 8S Wfill as significant
reduttlons in
W2W CO, production

, SheWs leadershIp In XTL and Bll is wide!)!; _~eRa"d Volkswagen scientists were

"It HI\ \ \ I) PoRSUII; liRE, ~~~o~~d::~~~::~~~::t'::~::~"e
I \ I \ I, R 'I I \ r l I f: \ engineering for their work in XTL and aTL

development

RiGhi: Dr Wollg..,g Warnocke (Shell)

Left: Dr WGtfllang Steiger 0!W)

!3i .

Reasons for XTL

Excellent fuel properties (next slide)

Supply diversifcation
- It Is" gas-<lerived. rather than an oll-<lerived product. thus providing strategfc diversificaUon

of energy supply.

XTL fuel can provide a bridge to future fuels and
technologies, as:

It is an enab~f for new ultra-effic;ent exhaust filter devices.

It can be used In d>esel-electric hybrid vehicles.

Auto makers can utiliZe it to develop improved engines and drive-trains

XTL technology provides a platform for development of Biomass to Liquids (BTL) and Coal
to Liquids (CTL) products with Identical chemical composition.

!S, .

Properties of Shell XTL

/ EN590 '" "Property Iiptc. tor (neal) Implicatlonll

DI'Ii,1

Sulphur ppm " n. BrO bltlter performano;e with lIulphur
conl9nl lienlllllv' after..tnlabnent II Iitemll

Denllty kglm' 820 to 845

II ".
Higher vglumetrlc flrel conlumptlon"

..__ ._- ---~ ,-,_.- --
cerane " 1t >75 Better Ignltlon

Better combultlon

CIH ratio -8.5" .{l. 5.7 lower angina out CO. amllSlons
Lo......r angln, outamllhlonl

Calorific MJiIIg -42.5· 11' 41.5 L=:~:~:~~c luelvalue

• Typical value (not specified in EN590)
""The combination of low dansity and high ClIloriflcvelue leads to a smell increase

~ volumetric fuel consumptioo

10

Shell is a leading distributor of first generation bio-fuels and we're investing in
second generation biofuels that offer greater benefits ..

2005 estimated

•. 0.'''","" "",",,,,,,"~ '" bio-componenl .olume.
" years -k: , ' " ' A leading bio/uel djstribu_t~ today

.000 Mobil ep

~ '500 co-rnn
, Sokl over 3,5 billion Illres blOwel

'000 TOIOJ
in 2006 - enough to aVOid m
-3,5 mlliion 10nnea CO.

Sheilis inv~sling In Rap and blo-technology ---
companies to oommerclalise second generation
blolwls ... 8i<>-componsnl

@ @ ,co..... W2Wco, pn>duetian,.
Firat... _m

<: - ,-,. ..
ftl n ~~I Ci!>.c:.~,?!!&N

lQ.(jlt:!' • G_"'o 0;0>01E_ Bio- Celukioo BTl
Cd'u'... m,,.,, ""'''''''"'' Il ....... 'ouquid< E._E'.,. ....

{sn, _ ....... "' ..".~
_~'<>O<kh;p'

..12

XTL - Synthetic fuel from gas, coal and biomass

XTL Synthetic fuel refers to liquids from ij!llS iGTLj, coal (CTL) and biomass
{BTLI

Products from gas, coal and biomass are IdentlcaJ
.. ..._ ....

/ GTL

Jr ShellNlIIural ""'I G•• !fIcatlon ,-
Gas -J Procsu I

B,.m ... ~ ::~" Ij:,;,,1).)16
I

J1
CTL ~ I' I) Flscher.Troplieh proc:ase Identical Products

Coal :: G~':~C~:~~,..,
Proctls.

\.. .)

~41 _.

Properties of XTL fuels

Properties and benefits of XTL fuels
Colouriess.

Odouriess

Virtually free of suphur and

Virtually free of aromatics.

High catane number (75-80)

Significantly reduces local emissions (PM. NO •. CO. HC)

Compatible with existing compression ignmon engines and diesel infrastructure

Reedily biodegradable

Genaraliya less to.ic product than refinery diesel fuel

16

Shell GTL trials

Shell Iles d&monsltated
th" benefits of GTL Fllelln
heavy and Ill:lht duly
vehicle trials and on the
flICOl trackl

Germany: Volkswagen:

25 Volkswagen Go~ ca.nl 10, five rrxmtJ>s

Emissions compallXj to EUr(>-3lighl duly
9"\l1""

2Pl%lOwe' 00'l"""''''
8'1o_n;''''9''''''_'

63%"'-' ""'Ill"''''''' ...., """
9''llo'''','''''''''''m,,,''''''.
I'o1I<:omlorlobly __ "" ... ,~fuI,,,.
E",04om_lim ..

UK: Toyota

3 monlh trial with 10
UlImodified Toyola A""nsis-Compared to "..,,., .ulpm.--
diesel (10 ppm SJ

~'Io,_dionin
t1yOlTI<&Ibon<,

94% reducIionInCO.

2~'Io r<lduction inPM

Franca: Le Mans

- In 2006 and 2007 t!Ie Shell V·Power
Oie!lel raoo fL>e4. OOlllaini"\l GTL. powered
theAudl Rl0 TUllo victory LeMan.

UK: London Bus

3 months on 50? bu •. whi<;h

ran at POlik llours
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Shell BTL fuel combines advantages of Shell XTL fuel
and bio-fuels

Sjmplffied ProceSS
lnlermed\aKl CO~H

Synga.
manufoclure

BTL offers reduced emissions and can be used

in existing infrastructure.

19, .

Source of biomass

Supply of biomass for could come from:
agriculWral biomaSf,

fo .... lO,,/biomass and

biogenic ..... 18 and recycling subStonctlS

wood-~nQ indu_byand farms(straw)

In the long term, the raw materials wUllncroaslngly come
from agricultural sources around the plant because

II is ... JiM! 10expand llioms'S prOOudlon Onfarmland

T''On.poItaUon costo can be """,,r

21

CHOREN BTL plants

Pilot plant

- 2,000 lonslyear since OClober 2003-
2005 (nor>-Shell FT technology)

First industrial-scale (Beta)
plant to be built In Freiberg,
Saxony (Germany)

15.000 tons/year

Utilizes 75,000 tons! of woodchips
and slfaw

2008 sU!rt up

Full-scale commercial (Sigma)
plant

200,000 tons/year

Under dBvelopmen\

33' ,

The Carbo-V® BTL Process

lhe Carbo.V® BlL Process is a three-stage gasification process involving
the following sub-processes:

IcwlOOl\)'3lill"l\'lllil'lifu:alior..

hillh temperalul\'l gasification and

endothermic entrained bed !J'lsiflc;allon

FT synthesis

18

Biomass to liquids

Bll gives up to 90% reduction in greenhouse gas emissions on a
well to wheels basis compared to fossil diesel

Source, GM _1I·!o-wheel ana","lo 01 I".rgy un and g ..... nhouSfl II" emi .. lonl of advanced
I""y""hicle Oyllel1l0- A Eumpoln IIUdy

20

Technology partnership

The Carbo-VOOBTL Process
e.C;:.t:I.~~EN

Three phase
gasification

C:::::>Shell's* partnership with CHOREN is working to make
Biomass to Liquid fuel a commercial reality ...

·....._. __ ~o..[.,,"_

22

Comparison of Energy Cycles

~ Following nature's example - but much raster!

~41 -.

The Carbo-V® BTL Process

First stage (low temperature gasification/pyrolysis)

Biomass is c<.m~nuallyc;art>oni~edthrough partial OXidationwith air or exygen

- lemperalures around 4DOand 500'C

- Producls: gas containing tar (volatile parts) and selld carbon (char).

Second stage (high temperature gasification)

Gas is po$l-oxldized hyposloic/liometrically using air and/or oxygen

Temperatura: above the melling poinl of the fuel's ash (around 14000C)

Product; hot "asmestion medium.

Third stage (endothermic entrained bed gasification)

Char is ground down into pu"'erized fuel

Pulverized char end hol gasiflC;lt'oonmecr,um react in \he gesifrcal'lon reactOflo proouro
raw synthesis gas

Anar lreatmenl the raw synthesis gas is used as a combustible gas lor generating
electricity. sleam and heat or as a synthesiS gas for producing synthetic diesel.
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Shell BTL and CO,

2], --,

Disclaimer s.tatement

Shilll Global Solutions m a networl<. of independent t9Chrdogy companies in
the Shell Group. In this presentation, the e~pression 'Shell Global Solutions'
is some\im$s used lor eonvenience where reference Is made 10 those
companies In general, or whenloo useful purpose is served by identifying a
partlcular company.

26
Conclusion

I

I

I

~

(2Z£M;:00
28

Thank YOU!
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SESSION 6:

Chairperson:
Michael Dosim Lujnew, Ministry of Plantation Industries and Commodities, Malaysia

Panelists:
Kandeh Yumkellah, United Nations Industrial Development Organization, Austria

Gustavo Best, Food and Agriculture Organization, Italy
James Fry, LMC International Ltd., UK

Anhar Suki, Golden Hope Plantations Sdn Bhd., Malaysia

Summary:

Under the moderation of Mr. Dosim Lunjew, the panelists were each asked to express
their views regarding the theme of the session, "Is it a sustainable and viable business?",
for about ten minutes per person. After that, the floor was opened for a question and
answer session. Eleven questions were entertained during the time allowed. It is
unfortunate that it is not possible to provide a comprehensive record of this session
here, due to a technical problem encountered. However, the panelists' views were more
or less in line with the speech or presentations they had made prior to this session. It
is suggested that interested readers may refer to their speech or presentations. The
panel discussed the conditions that sustain the biofuels business, such as choice of the
right feedstock, the right land to be used and so forth. In this connection, there was a
remark by a panelist that "We must make biofuels sustainable" instead of asking if this
business is sustainable. One panelist mentioned that with government support around
the world, the business is viable but not as easy as it once looked. Another commented
that biofuels can be produced and supplied sustainably and the question here should
rather be whether or not there is a sustainable demand for them at the right price.
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A breviations

ACEA Advisory Committee on EPAB Eskilstuna Platforandring AB
Environmental Aspects ERI Energy Research Institute

AR4 Fourth Assessment Report ETBE Ethyl Tertiary Butyl Ether
ASTM American Society for ETEK Etanolteknik AB

Testing and Materials EtOH Ethanol
BD Biodiesel ETP Effluent Treatment Plant
BioAS Bio Software Application EU European Union

System FAME Fatty Acid Methyl Ester
BOD Biochemical Oxygen FAO Food and Agriculture

Demand Organization
BOE Barrels of Oil Equivalent FAR Food & Agriculture
BOI Board of Investments Research & Advisory

(Philippine authority) FDI Foreign Direct Investment
BtL/BTL Biomass-to-Liquid FFA Free Fatty Acids
CDM Clean Development FFB Fresh Fruit Bunch

Mechanism FFV Flex Fuel Vehicles
CER Certified Emission Reduction FIE Fuel Injection Equipment
CFB Circulized Fluidized Bed FIMA Food Industries of Malaysia
CFPP Cold Filter Plugging Point FOB Free on Board
CH ratio Carbon Hydrogen Ratio FOREX Foreign Exchange
CHP Combined Heat and Power FT diesel Fischer-Tropsch diesel
CME Coco Methyl Ester GBC Global Biofuels Center
CNG Compressed Natural Gas GBEP Global Bioenergy
C02eq Carbon Dioxide equivalent Partnership
COD Chemical Oxygen Demand GCE Glycerol Carbonate Ester
COGEN Cogeneration GDP Gross Domestic Product
CP Cloud Point GHG Greenhouse Gas
CPKO Crude Palm Kernel Oil GRI Gas Research Institute
CPO Crude Palm Oil GT Global Trade
CSTR Continuous Stirred GtL/ GTL Gas-to-Liquid

Tank Reactors HC Hydrocarbon
Ctl/CTL Coal-to-Liquid IBEP International Bioenergy
DDGS Distillers Dried Grain Platform

and Solubles IBIS International Bioenergy
DG TREN Directorate-General for Information System

Energy and Transport ICS International Center for
DI Direct Injection Science and Technology
DIN Deutsches Institut fOr IE Institute for Energy and

Normung (German Institute Environment
for Standardization) lEA International Energy Agency

DME Dimethyl Ether IFQC International Fuel
DOE Department of Energy Quality Center
DPF Diesel Particulate Filter IMPCA International Methanol
DST Decision SupportTools Producers and Consumers
dwb dry weight basis Association
E&P Energy and Petroleum IPCC Intergovernmental Panel on
EBB European Biodiesel Board Climate Change
ECU Electronic Control Unit ITH Income Tax Holiday
EE Energy Efficiency lME Jatropha Methyl Ester
EFB Empty Fruit Bunch lOME Jatropha Oil Methyl Ester
EGR Exhaust Gas Recirculation KBPD Thousand Barrels per Day
EIT Economies in Transition kWe Kilowatt Electricity
EO Executive Order lakh hundred thousand
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A revlatlons

LCA Life Cycle Assessment RM Malaysian Ringgit
LNG Liquified Natural Gas RSPO Round Table for
LPG Liquified Petroleum Gas Sustainable Palm Oil
ME Methyl Ester RVP Reid Vapor Pressure
MMSA Methanol Market Services SEA South East Asia

Asia SEKAB Svensk Etanolkemi AB
MOME Mahua Oil Methyl Ester SI Spark Ignition
MPOB Malaysian Palm Oil Board SIRIM Standard and Industrial
MSW Municipal Solid Waste Research Institute of
MTBE Methyl Tertiary Butyl Ether Malaysia
MtOH Methanol SOME Sal Oil Methyl Ester
MW Molecular Weight SRA Sugar Regulation
NG Natural Gas Administration
NOME Neem Oil Methyl Ester SRES Special Report on
NOx Nitrogen Oxides Emissions Scenarios
OEeD Organization for Economic SWOT Strengths, Weaknesses,

Cooperation and Opportunities and Threats
Development TB Thousand Barrels

PC Passenger Car TBME Tert-Butyl Methyl Ether
PED Primary Energy Demand tC02 tonnes of C02 equivalent
PETROBRASPetr6leo Brasileiro SA TPA Tons per annum
PFAD Palm Fatty Acid Distillate TtW Tank-to-Wheels
PKC Palm Kernel Cake ULSD Ultra-Low Sulfur Diesel
PKO Palm Kernel Oil UNIDO United Nations Industrial
PM Particulate Matter Development Organization
PME Palm Methyl Ester UOP Universal Oil Products
PO Palm Oil WE Wood Energy
POME Palm Oil Mill Effluent WISDOM Wood Fuel Integrated
pp pour point Supply/Demand Overview
ppm parts per million Mapping
QC Quality Control WTO World Trade Organization
R&D Research and Development WtT Well-to-Tank
RABR Reversible Flow Anerobic WtW Well-to-Wheel

Baffled Reactor XtL/XTL (Biomass, Gas or Coal)-to-
RBD Refined, Bleached and Liquid

Deodorized
RFS Federal Renewable

Fuel Standard
RITE Research Institute of

Innovative Technology for
the Earth Oapan)
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Index

The symbol"-" is used to substitute forthe wording of the main entry in order to avoid having
to repeat that wording in sub-entries.

Session Slide No.

Bio-chemical Characteristics of - bioethanol production 5-3 6-8
Biodiesei - /FAME: FuelAging 4-6 24

- EU-Production/Consumption 2-3 7
- from Palm Oil 2-4 22
- Licensing in Malaysia 2-3 12
- Quality Issues 1-4 23
Cetane Number of - and Mineral Diesei 4-1 34
Comparison of - Specifications 1-4 19
Deveiopment of MPOB Palm - Technology 4-1 2-4
EU - Standards 1-4 14
Fuel Properties of Palm - 4-1 30-33
Global - production could reach 2-2 25
How big is Asia's appetite for - 2-2 26
How many of the planned - projects will materialize 2-2 27
KeyFuelCharacteristicsof Normal and Winter Grade Palm - 4-1 29
Oil Palm is Most Efficient Source of - 2-1 30
Status of MPOB Commercial Palm - Plants 4-1 13
US - Imports and Exports 2-1 41
- Chain 4-5 3

Bioenergy - potential 3-1 9-10
Bioethanol - Potential as Replacement of Petroleum 3"3 24

- production - Economic aspects 5-3 11
- Quality Issues 1-4 21
Characteristics of - Production 5-3 10
Conversion to - 3"3 22
Development of Cellulosic - 5-3 1

Biofuel - cost range 2-5 29
-s Global Trade 1-1 9
-s market 1-1 8
-'s options for Diesel 5-4 9
-s vs World Transportation Fuel Demand 1-4 8
Asian - Standards 1-4 18
Countries with - Standards 1-4 10
Current -s Production 4-3 9
Current and Target - Costs 4-3 21
Global Top Production of-s 1-2 6
Hydraprocessing of Palm Oil far - Production 4-3 1
Introduction to -'s 5-4 7
Overview of - Production Technologies 4-4 5
Production of -s for Diesel Engines 4-6 15
Shares of World Output of Various
Products Destined for - Use 2-1 19
US - Standards 1-4 17

Biogas - Plant 5-1 15
Production of - from Palm Oil Mill Effluent 5-1 1
WOM POME - Plant 5-1 18
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Biomass - to Hydrogen 4-4 7
- to Liquid Fuels 5-4 1
Pyroiysis of - 5-2 15

Blending LimitsCurrent Biodiesel - 1-4 12
Current Ethanol - for Conventional Gasoline 1-4 11

Caiorific value 3-3 11,18
Cellulosic Development of - Bioethanol 5-3 1
Certification Compatibility with other - systems 2-6-1 16

Mandatory - not the only option 2-6-1 30
CO2 - emissions 3-2 29

Shell BTL and - 5-4 25
Projected - emissions from transport fuels 2-5 22-26

Conversion Chemical - technologies 5-2 3
Thermochemical -s 5-2 4

Demand Forecast: World - for Oils and Fats 2-2 12
Global Methanol - Centered in Asia, China 2-4 9
Sectoral Shares in World Primary Energy - Keynote 8
World Oil - Growth, '999-2006 by Use 2-1 11-14

Diesel Aging Characteristics of -, B5 and B,00 4-6 26
Criteria for Good - Fuel Quality 4-6 14
Green - Fuel Properties 4-3 19

Empty Fruit
Bunches - calorific value 3-3 11

3"3 8
Energy Agro- 1-1 24

fossil - ratio 3-1 3
Incremental Global - Demand 4-3 5
India's Fuei Share of- 3-2 4
worid - matrix in 2006 1-1 6
world - matrix in 2100 1-1 7
world - patterns 1-1 5
- Consumption in Selected Asian Countries 3-2 2

Energy Balance (Ethanol from Sugar Cane to Lignocelluloses) 1-5 42
(Raw Material Comparison) 1-5 28
- for Palm, Soybean & Rapeseed Oils 2-3 31

Esterification - of Plant Oil 4-6 23
- Section 4-1 6

Ethanol - profitability 2-5 32
Comparison of Fuel - Specifications 1-4 20
lntegrated Sugar & - Production 1-5 25
Production of Sugar and - 1-5 26
Sugar is the Most Efficient - Crop 2-1 29
US Fuel - Outputs 1-2 9

EU Biodiesel --Production/Consumption 2-3 7
Export - Trend of Major Oils 2-2 13

17 Oils & Fats: World - 2-2 14
Feeds Biorenewable - : Composition 4"3 8

Biorenewable - : Costs 4-3 7
Feedstock - Production in Perspective 3-1 1

- Related Quality Parameters 4-1 28
Competitiveness by - 3-1 8
FAME - Boiling Characteristics 4-6 31
FAME - Composition 4-6 29
FAME Properties Depending on - 4-6 30
MPOB Biodiesel Plant - Specifications 4-1 25
Worldwide -s For Biodiesel Production 3-2 9
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Forest - Areas in Selected Countries 2-3 30
Fuel Overview of Standardized - Characteristics 4-6 18
Gasification -'s main parameters 5-2 11

Coupled Pyrolysis - - 5-2 25
Products of - 5-2 7

Glycerine - Prices Spot FOBSEA 2-4 23
Glycerol - Price. UEProduction and Uses 4-5 5

- to Methanol 4-5 10
Biodiesel and - Purification 4-1 9
Etherification of - 4-5 11

Families of Possible - Reactions 4-4 9
- Reductive Processes 4-5 9

Greenhouse
gas (GHG) - abatement potential 2-5 39

- emissions 2-5 5
- Emissions 2-6-2 9
- emissions per capita 2-5 7
- Emissions Reductions 2-6-2 11-13
A - Balance of Palm-ail-Based Electricity Production 2-6-2 1
Components of - Balance of CPOChain 2-6-2 6
- emissions 5-4 18

Hectarage Total Existing Plantation - 1-3 21
Hydroprocessing- of Palm Oil for Biofuels Production 4-3 1
lEA - Medium Term Oil Market Report 2-5 31.34.35
Impact Biological -s 3-1 14

Environmental -s 3-1 13
Social -s 3-1 15
- on Carbohydrate Areas 2-1 26
- on International Commodity Prices 3-1 12
- on Oil + Carbohydrate Areas 2-1 27
- on Oil Palm Areas 2-1 32
- on Oilseed Areas 2-1 25
- on Sugar Cane Areas 2-1 31
- on Total Crop Areas 2-1 33
Considerable potential - on global vegetable oil demand 2-2 15

Incentives - under the Biofuels Law 1-3 10-15
IPCC - 4th Assessment Report 2-5 3
Jatropha Uses of- 3-2 19
Job Creation Cost of- 1-1 13
life Cycle
Analysis Diversity in - results 2-5 41

2-5 38
liquids Biomass to - 5-4 1
Malaysia Bio-diesellicensing in - 2-3 12

The -n Initiative 2-3 10
Market Ethanol Global - 1-5 38

Global - Overview 1-2 3-5
Methanol - Capacity is growing 2-4 5

. Global - Demand Centered In Asia. China 2-4 9
- Supply in 2009 Appears Problematic 2-4 15

Milling Flow Diagram of Palm Oil - 3-3 27
MPOB - Palm Biodiesel Production Technologies 4-1 1

- Phytonutrients Technologies 4-1 42
Oil Palm - is Most Efficient Source of Biodiesel 2-1 30

Impact on - Areas 2-1 32
Oils 17 - & Fats:World Export 2-2 14
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Export Trend of Major - 2-2 13
Forecast: World Demand for - & Fats 2-2 12

Palm - Oil is the most competitive energy crop for biofuels 2-2 20
- Oil Supply & Growth 2-2 16
A GHG Balance of --Oil-Based Electricity Production 2-6-2 1
Energy Balance for - , Soybean & Rapeseed 2-3 31

Palm Oil - Mill Effuluents 5-1 1
An Aerial View of a - Mill 3-3 7
Flow Diagram of - Milling 3-3 27

POME 5-1 5
Pour Point Development of Low - Palm Diesel 4-1 10
Prices Competitive - of RBD Palm Olein & Petroleum 2-3 24

Correlations between Product & Brent Crude - 2-1 17
Ethanol - in Brazil 1-1 16
Glycerine - Spot FOB SEA 2-4 23
international commodity - 3-1 12
Vegetable Oil - vs. Brent Crude 2-1 7
Volatility in crude -create boom & doubt periods 2-2 23
World Sugar, Brazilian Ethanol & Crude - 2-1 5

Production - Cost by Country (Ethanol) 1-5 30
A Typical Biodiesel - Process Keynote 16
A Typical Bio-to-Liquid - Process Keynote 17
Biodiesel EU-- /Consumption 2-3 7
Bioethanol - Processes Keynote 12
Characteristics of Bioethanol - 5-3 4
Current Biofuels - 4-3 9
Global biodiesel - could reach 2-2 25
Overview of Biofuel - Technologies 4-4 4-5
World Vegetable Oil - 2-2 11

Pyrolysis - of biomass 5-2 15
- Processes 5-2 20
Catalysts in - 5'2 21
Coupled - gasification 5-2 25
Products of - 5-2 16

Quality Biodiesel - Issues 1-4 23
Bioethanol - Issues 1-4 21

Regulations Emissions of NOx and PM - Keynote 3
Major - and policies by countries 1-2 '4,,6,'7
Major - and policies by world 1-2 11-13

Renewable Present and Future - in the World Keynote 22
Specifications Comparison of Biodiesel - 1-4 19

Comparison of Fuel Ethanol - 1-4 20
Standards Asian Biofuel - 1-4 18

Countries with Biofuel - 1-4 10
EU Biodiesel - 1-4 14
EU Biofuel - 1-4 17
US Biofuel - 1-4 17

Sugar - is the Most Efficient Ethanol Crop 2-1 29
Impact on - Cane Areas 2-1 31

Supply Fuel Shares of World Primary Energy - Keynote 10

Methanol - in 2009 Appears Problematic 2-4 15
Palm Oil - & Growth 2-2 16

Sustainabillty ( - ) Criteria and Indicators 2-6-1 10-11

the need for - criteria 2-6-1 4
Synthetic fuel - from gas, coal and biomass 5-4 12
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TaxExemption for Biofuels in EU-25 in 2005 1-2 15
Thermo-chemical Characteristics of - bioethanol production 5-3 9-10
Trade 2006 Methanol - Flow 2-4 6
Transesterification - 4-1 7
UN Energy 3-1 22-23
US - Biodiesellmports and Exports 2-1 41
Vegetable Oil - Market Cycles 2-4 21

Considerable potential impact on global - demand 2-2 15
Self-Sufficiency in - 3-2 11
sustaining high price levels of -s 2-2 22
World - Production 2-2 11

Yield (PalmOil is the most competitive energy crop for biofuels) 2-2 20
(Sustaining the Earth) 2-3 26
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