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Werner Körbitz
New Trends in Developing Biodiesel World-wide

Under the impression of the supply crisis of mineral-oil in the seventies the development of Biodiesel was started about 1982 in Austria and was driven by the following factors: 

· to increase the supply security of liquid form energy for the transport sector by having a renewable source at hand, 

· the need to have an environmentally friendly fuel available for the Diesel combustion engine, 

· to reduce health and security risks and 

· to provide the customer with a reliable fuel at a reasonable cost-benefit ratio.

1. Feedstock

1.1. Rapeseed oil

Rapeseed oil crushed from 00-rapeseed varieties was the first type of vegetable oil used for transesterification and rather by chance this oil is highly suitable for production of quality Biodiesel: With a content of approx. 60 % monounsaturated oleic-fatty-acid and only approx. 6 % saturated fatty-acids it shows both good stability and winter operability. New varieties (LZ 7632) are reaching even higher levels of up to 87 % oleic-fatty-acid. This type of rapeseed (or Canola) is still by far the biggest source of feedstock for Biodiesel production, and has become even more interesting as rapeseed breeders have succeeded in improving yield levels of up to 2,9 ton oil / ha in Northern Germany when applying “precision farming”. 

1.2. New feedstock sources

The overall scope of feedstock utilisation has become however much broader over time and other vegetable oils in use in bigger volumes today are sunflower oil (e.g. Southern France, Italy) and soybean oil (USA), while palm oil was the feedstock of choice for production of Biodiesel in order to fuel the buses of Kuala Lumpur (Malaysia.)

Triggered by the economic squeeze of high oilseed cost on the one hand and at the same time record-low prices for Diesel fuel in the period of 1998/1999 on the other hand existing know-how about the utilisation of recycled food oils was activated and set into commercial practice. On the basis of a very well controlled logistic system of high security level recycled oils of households and restaurants were “discovered” as a source of suitable feedstock for Biodiesel production. The best example is McDonalds with 135 restaurants in Austria collecting approx. 1.100 ton of quality recycled frying oil, which then is transesterified into Fatty-acid-methyl-ester (FAME) of standardised quality. Long-term bus trials in the daily routine traffic of the city of Graz have shown full satisfaction when using 100 % FAME. 
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2. Process technology

2.1. Multi-Feed-Stock (MFS)

Soon after having RME established in the market place the search began for additional and alternative feedstocks. A detailed screening process of all available virgin or waste oils and fats of vegetable or animal origin took place and came up with defining some restrictions (e.g. stability of oil, winter operability, Conradson Carbon residue) on the one hand but with the multiple choice offer to select out of a rather broad scope of oils and fats a Multi-Feed-Stock (M-F-S) blend on the other hand. Thus a clever blend the cheapest feedstocks available is the key factor for a low cost Biodiesel, of course always with a guaranteed high quality for the fuel at the end of the pipeline.

2.2. Flexibility in production

As the availability and supply pattern of the various raw materials may vary in volume and price and as recipes of blends have to be varied as well for climatic conditions, it is a tremendous commercial advantage, if production recipes can be changed quickly, even on a daily basis. In a modern plant the cheapest blend of the day can be selected by a quick switch of recipes, which are stored and installed automatically, thus improving the profitability of a Biodiesel plant significantly. 

2.3. Maximum yield

In early days Biodiesel producers were satisfied when achieving a transesterification rate or yield of approx. 85 - 95 % leaving thus quite a volume of potential feedstock as waste in the glycerine phase. However as shown in the table below yield is the second biggest factor affecting profitability, i.e. a 10 % decline of yield is reducing profitability by approx. 25 %. It is therefore crucial to transfer any potential molecule into a fatty-acid-methyl-ester, and this includes all the tricglycerides but additionally also all Free-Fatty-Acids (FFA). A modern and profitable process technology today is able to achieve a 100 % yield without any expensive losses.
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3. Fuel standards and quality assurance

In the early days of developing Biodiesel it became quickly obvious that it will be of key importance to win the confidence of Diesel engine producers as stakeholders in this project. A working group was set up within the Austrian Standardisation Institute and the first Biodiesel fuel standard was issued already in 1991 as ON C 1190 for RME or Rapeseed-oil-Methyl-Ester. This was the basis for numerous Diesel engine warranties issued by all key tractor companies.

This first standard was followed by the already sophisticated ON C 1191 for FAME or Fatty-acid-methyl-ester in July 1997, as a successful attempt to define the quality of a fuel not by its feedstock source but by what is filled into the tank. Later in 1997 the DIN E 51606 (as well for FAME) was published in Germany, while other national standards were established in the CSSR, in France, Italy, Sweden and the USA. This was the necessary basis to build customer confidence, obtain warranties from many Diesel engine manufacturers and injection pump producers, to provide transport reliability and to create a positive image in the market place.

The most recent development is the completion of a CEN-draft standard for Biodiesel with validity all over Europe. This work is still in progress and a final CEN-standard may be published by the end of 2002 under the new code of EN 14214.

4. Production

Having started with a rather small farmers’ cooperative Biodiesel plant in 1988 with a capacity of approx. 500 ton / year in Austria other plants followed soon and the first industrial scale Biodiesel production plant with a capacity of 10.000 ton / year went into operation in 1991 as well in Austria. 

In the coming years larger plant were established all over Europe e.g.: in Livorno, Italy (capacity up to 80.000 ton), in Rouen, France (capacity 120.000 ton – so far the largest Biodiesel production plant of the world), in Germany and in Sweden. The Czech Republic completed a programme to establish 16 Biodiesel plants, making this country the leading one in number of production sites.

The study “Review on Commercial Biodiesel Production Worldwide” as commissioned by the International Energy Agency, completed by the Austrian Biofuels Institute and published in April 1998 had identified 21 countries around the world, in which Biodiesel projects with a commercial objective had been implemented. With all these many worldwide initiative Europe kept the lead by far and only in recent times the production has increased also in the USA, location of the most modern MFS-Biodiesel plant of Griffin Industries in Kentucky.

The Biodiesel production community experienced recently a very difficult period in 1998/1999, when non-food oilseeds were grown at only minimal acreages, food vegetable oil prices soared to extreme heights and at the same time the crude mineral oil price reached a record low level of approx. 9 US$ / barrel leading many producers into a loss position. 

With the European Commission resetting the set-aside percentage back to 10 % non-food crops larger volumes of non-food oil at reasonable prices became available again, triggering a renaissance for Biodiesel producers. This is especially true for Germany, where an increase in production capacity from today approx. 90.000 ton / year up to impressive 1,000.000 ton / year by the year 2003 is forecasted, most of it located in Eastern Germany.
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5. Marketing

The present market is simply dominated by fossil Diesel a 100 % and this is the competitive product to be replaced. Having with Biodiesel on the one hand a product, which at its best can grow to approx. an 8 % market share anyway, but on the other hand an environmentally friendly fuel, which shows clear and substantial differential advantages, it is a job of professional marketing to screen all the market segments carefully and define those niches in which the distinctive benefits of Biodiesel are needed most, fully recognised by the customer and valued.  

Marketing: examples of market segmentation and niches of risk reduction

 Market

 niche:
impact

global  air

pollution
impact

local  air

pollution
bio-

degradability
water

-toxicity

 city  bus  &

 taxi fleets
+
+ +

PM, CO, SOx, NOx





 underground

 mining
+
+ + +

PM





 drinking  

 water zones


+

+ + +


 lakes  &

 waterways


+
+
+ +
+ + +
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The marketing task is to target most profitable niches and to promote Biodiesel to customers there. Additionally environmentally driven regulations, e.g. limitation on certain emissions, regulations for minimum biodegradability, laws for zero-toxicity to water-life, can carve out specific market segments, in which only Biodiesel fulfils the rules and can obtain a dominant market position. In spite of these market opportunities there exist strategies of blending Biodiesel with fossil Diesel (e.g. France), where the enduser is not able to recognise the product and hence also not at all its differential advantages.

6. 
Diesel engine warranties

Historically it was intended to produce Biodiesel in a kind of closed-loop from agricultural products for the agricultural machinery, mainly tractors. Hence the first warranties issued were given for tractors or combines only (e.g. Same, Steyr, John Deere, Massey-Ferguson, Lindner, Mercedes-Benz, etc.) 

With the development of more sophisticated marketing strategies the focus was extended also to other Diesel-driven vehicles, such as buses in the public transport fleets of cities, taxi fleets, the marine sector and personal cars. 

A further extension was achieved by obtaining warranties for the new generation of modern high-pressure fuel injection systems, such as the common-rail systems (e.g.Mercedes-Benz, Peugeot, Volkswagen.) A short summary is shown below:

Summary: existing Diesel vehicle warranties for Biodiesel operation





Audi 
personal cars
all TDI-models since 1996

Case - IH
tractors
all models since 1971

BMW 
personal car
model 525 tds / 1997 and 3er + 5er since 2001 

Claas
combines, tractors
warranties exist

Faryman Diesel
engines
warranties exist

Fiatagri
tractors
for new models

Ford AG
tractors
for new models

Holder
tractors
warranties exist

Iseki
tractors
series 3000 and 5000

John Deere
tractors
warranties since 1987

John Deere
combines
warranties since 1987

KHD
tractors
warranties exist

Kubota
tractors
series OC, Super Mini, O5, O3,   

Lamborghini
tractors
serie 1000 

Mercedes-Benz
personal cars
series C and E 220, C 200 and 220 CDI, a.o. 

Mercedes-Benz

Nissan
lorry, bus

personal car
series BR 300,  400, Unimog since 1988, a.o.

type Primera since 2001

Same
tractors
since 1990

Seat
personal cars
all TDI-series since 1996

Skoda
personal cars
all TDI-series since 1996

Steyr
tractors
since 1988 

Steyr
boat
series M 16 TCAM and M 14 TCAM

Valmet
tractors
since 1991

Volkswagen
personal cars
all TDI- series since 1996

Volkswagen
personal cars
all new SDI-series (EURO-3) 

Volvo 
personal cars
series S80-D, S70-TDI and V70-TDI 





This is and indicative list, please contact companies for confirmed  information.

7. 
Legal framework and regulations

Also in the area of legal framework and regulations progress was made step by step – quite different country by country -, and a wide variety of motives for actions taken can be observed as there is: increase of energy supply security, reduction of dependence on fossil energy forms, reduction of greenhouse gas effect, reduction of harmful locally acting emissions, protection of soil by biodegradable products, reduction of health hazards by using non-toxic products, - as shown in the following table:

Options for Legal Framework & Regulations

Motives
Measures   (legal)

( 
Security of energy supply
( 
USA: Alternative Fuel Vehicles / EPAct 



( 
EU: obligatory market share of 2 up to 5 %

(
Limitation of harmful emissions
(
USA: Clean Air Act (Amendments)




USA: Clean City Programme




I: Clean City Programme

(
Workers health
(
USA: underground mining / emission limits

(  D: Fork lifts in halls / Technical rule 554 

(  A: Work in tunnels / emission limits

(
Soil protection
(
A:   Chainsaw lubrication regulation




NL: Higher depreciation on equipment

(
Water protection
(
D+A+CH: International Ship Traffic




Commission Lake Constance: limits

(
Climate protection
(
D: Ecological-tax system

Motives
Measures   (voluntary)

(
Cost reduction of waste disposal
(
A: City of Leibnitz: Waste oil collection


and improvement of city image

and utilisation as Biodiesel in the fleet

( 
Regional-Image: „Nature pure“ 
( 
A: Tourism-region of Lech / Tyrol

( 
Company-Image: „We care“
( 
D: Bus traffic system in Heinsberg 

( 
Incentives to switch to public bus
( A: Bus traffic system in Feldkirch 

( 
Incentives to use clean vehicles
(
S: Free parking for Bioethanol vehicles 

8.
Information

Certainly most impressive is the growth of professional literature in these past 12 years published in many of the active countries, covering a wide spectrum from feedstock suitability to performance of modern Diesel engines, from environmental advantages to experience in public bus fleets, with some key publications mentioned in the attachment.

Recommended website contacts: www.biodiesel.at, www.biodiesel.de, www.ufop.de, www.blt.bmlf.gv.at, www.biodiesel.org, and further leading links.
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Production

		Production

				1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Europe West		10		77		138		255		357		474		520		479		501		637		903		1402		1890

		Europe East		0		0		1		8		24		29		52		63		63		63		81		115		157

		North America		0		0		1		2		3		5		9		14		17		23		48		92		212

		Asia		0		0		0		5		10		8		8		35		35		36		40		145		555

		World		10		77		140		270		394		516		589		591		616		759		1072		1754		2814
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Motivations

		

				Capacity

						1991		1992		1993		1994		1995		1996		1997		1998 est.

				Europe West		75		92		419		530		740		1018		1056		1054

				Europe East		0		26		29		64		109		118		106		103

				North America		0		10		10		11		16		38		108		156

				Asia		0		0		0		10		10		13		13		40

				World		111		128		458		615		875		1187		1286		1366
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Measures

		

				Motivational Factors

						not at all		very low		low		high		very high		(very) high

				renewable energy		3%		0%		5%		54%		38%		92%

				environmental benefits		0%		8%		5%		62%		24%		86%

				agricultural surpluses		5%		0%		15%		59%		21%		79%

				pioneer image		3%		5%		16%		59%		16%		76%

				scientific interest		3%		17%		11%		56%		14%		69%

				political reasons		16%		8%		8%		65%		3%		68%

				state incentives		21%		5%		16%		50%		8%		58%

				less unemployment		3%		8%		53%		34%		3%		37%

				less oil import		11%		8%		54%		24%		3%		27%

				commercial opportunities		8%		46%		23%		21%		3%		23%

				enlarged product portfolio		11%		11%		60%		11%		6%		17%
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Tabelle7

		

		Positioning

						not at all				low				medium				high				n

		reduce greenhouse effect		1		5%		4		19%		5		24%		11		52%				21

		improve air quality		0		0%		5		23%		7		32%		10		45%				22

		protect water life		0		0%		7		32%		5		23%		10		45%				22

		protect drinking water		1		5%		8		38%		3		14%		9		43%				21

		reduce soil pollution		1		5%		6		27%		7		32%		8		36%				22

		other		0		0%		0		0%		2		33%		4		67%				6
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Tabelle8

		

		Measures

						Not efficient at all				acceptable improvement				most eff. improv.		n

		raw material prices		2		5%		19		51%		16		43%		37

		sufficient detaxation		3		8%		21		58%		12		33%		36

		internalise external benefits		4		11%		23		64%		9		25%		36

		internalise external cost		3		9%		24		69%		8		23%		35

		raw materials supply		17		46%		12		32%		8		22%		37

		more engine approvals		18		49%		12		32%		7		19%		37

		apply market strategy		21		58%		9		25%		6		17%		36

		consistent biodiesel quality		17		46%		14		38%		6		16%		37

		distribution infrastructure		22		59%		12		32%		3		8%		37
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		Barriers

						not important barrier				considerable barrier				strongest barrier		n

		high raw material cost		3		8%		5		13%		31		79%		39

		not competitive to fossil diesel		7		19%		11		31%		18		50%		36

		limited supply of raw materials		19		50%		10		26%		9		24%		38

		no sufficient tax incentive		6		18%		23		68%		5		15%		34

		irregular raw material supply		23		64%		8		22%		5		14%		36

		poor biodiesel quality		27		77%		5		14%		3		9%		35

		weak distribution infrastructure		26		76%		6		18%		2		6%		34

		missing engine approvals		5		14%		30		81%		2		5%		37

		missing marketing strategy		24		71%		9		26%		1		3%		34



&Lsource: ABI&R© &"Arial,Fett Kursiv"JETZT&"Arial,Standard" 1997
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