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Bio-fuels and their 
application to light duty 
road vehicles

Dr. John Bennett

Vehicle Environmental Engineering, Ford Europe

Introduction

3 part presentation:
1. Background including update on 

EUCAR/JRC/CONCAWE Well to Wheels study.

2. Review of main biofuels and technical aspects 
of their application

3. Specific aspects of Ford Focus FFV
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Part 1: Background - Sustainable Transport

• Within Europe, transport is the only sector in 
which CO2 output is growing 

• Transport is almost totally dependent (98%) on oil 

• Transport now accounts for 70% of all oil usage –
in late 1970’s/early 1980’s was 30%. 

• Europe imports 70% of its oil today; by 2020 will 
be importing around 90% 

Background - Legislation

• European Commission Biofuels Directive, 
2003/30/EC:

• Focus on:
• CO2 emissions reduction

• Security of energy supply
• Supplementary benefit of growth opportunity for agriculture
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Gasoline

Food crops

1st generation

Diesel

2nd generation
Waste

Maize/Corn
Sugar beet
Wheat/Rye/
Barley

“Ligno-cellulosic”
Enzymatic hydrolysis

Rapeseed
Sunflower

BTL

Overview of Bio-components

Background – Well to Wheel fuels study

• High level overview
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JEC WTW study version 2b 05/2006
Slide 7

Well-to-Wheels analysis 
of future automotive fuels and powertrains

in the European context

A joint study by 
EUCAR / JRC / CONCAWE

Overview of Results

 

JEC WTW study version 2b 05/2006 Slide 8 

The WTW Study: Background and Objectives

� Joint study between

� Version 1 in December 2003 
� Version 2 now issued: http://ies.jrc.ec.europa.eu/WTW

� Objectives
� Well-to-wheels energy use and GHG emissions assessment 

� Wide range of automotive fuels and powertrains
� Relevant to Europe in 2010 and beyond.

� Consider the viability of each fuel pathway
� Estimate the associated macro-economic costs.
� Have the outcome accepted as a reference by all relevant 

stakeholders.

� Focus on 2010+
� Marginal approach for energy supplies
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What is new / has been updated in version 2

� TTW
� Reduced diesel DPF fuel penalty
� LPG
� Revised CNG engine data
� Hybrids

� WTT
� Revised pathways

� CNG: methane losses during transport and range of transport energy consumption (pipeline pressure)
� Ethanol from wheat (revised data and more options)

� New pathways
� Biogas
� LPG
� Ethanol from sugar cane and straw
� FAEE (Fatty Acids Ethyl Ether)
� Ethers
� Waste wood via Black Liquor
� CTL (Coal-To-Liquid)
� CC&S (CO2 Capture and Sequestration)

� Entirely revised cost (incl. 2 crude oil price scenarios)
� Biomass availability data based on DG AGRI

JEC WTW study version 2b 05/2006 Slide 10 
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Alternative fuels are generally 
less energy-efficient

than conventional ones

2010+ vehicles
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Conventional Bio-fuels: Energy and GHG avoidance
Importance of by-products
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Alternative Fuels: Key Results

Liquid fuels:
� A number of routes are available to produce alternative liquid fuels that can 

be used neat or in blends with conventional fuels in the existing infrastructure 
and vehicles

� Conventional bio-fuels (Ethanol, FAME) provide fossil energy and GHG 
savings but conversion is less energy-efficient than for conventional fuels

� Syn-diesel from NG (GTL) is nearly GHG neutral compared to conventional 
diesel, syn-diesel from coal (CTL) produces considerably more GHG

� New processes are being developed to produce synthetic fuels from biomass 
(BTL) with lower overall GHG emissions, though still high energy use

� DME can be produced from natural gas or biomass at lower energy use and 
GHG emissions than other GTL or BTL fuels 
� But would require specially modified vehicles and fuel distribution infrastructure

� The “black liquor” route offers higher wood conversion efficiency although the 
scope for practical applications will be determined by the specific 
circumstances of the pulp and paper industry
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Cost of CO 2 avoidance

� Biofuels remain a costly way of reducing CO2 emissions
� Even with oil at 50 €/bbl, options are generally above 100 €/t CO2 avoided
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The potential of biomass in Europe: overview

2012 projections including:
� Set-asides
� Sugar beet surplus
� Agricultural yield improvements
� Wheat straw surplus
� Unused wood waste
� Organic waste to biogas

But excluding
� Currently not cultivated land
� Pastures

Conventional Biofuels: Wheat and sugar beet to ethanol, oilseeds to bio-diesel, wheat straw not used
All other scenarios: Surplus sugar beet and wheat straw to ethanol

Organic waste to biogas
Max ethanol: Woody biomass from all available land to ethanol
Max syn-diesel: Woody biomass from all available land to syn-diesel

Also produces naphtha
Max DME: Woody biomass from all available land to DME
Max Hydrogen: Woody biomass from all available land to hydrogen (used in a fuel cell vehicle)
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Part 2: Review of biofuels

• Biofuels offer a significant opportunity to address 
greenhouse gas emissions at source.

• Can be used at low percentage as extender or 
high percentage as additional fuel grade

Pathways to Address Car Transport CO2
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Bio-Fuel Summary

• Present European fuel standards for gasoline and diesel allow up to 
5% blends (B5 and E5)

• Likely that within 3 years fuel standards will allow up to 10% blends 
(B10 and E10)

• Fuel standards for higher blends E85 likely to exist in same time 
frame, and possibly B30 for captive fleets

• Automotive co’s have concerns with historical car parc compatibility 
with B10 and E10

• Attitudes of most European auto. co’s have shifted materially in last 
12 months on bio-fuels

• Governments’ attitude is probably more important now than auto. 
co’s – generally politicians and oils co’s are the constraint now

• Governments moving towards biofuel mandates/obligations in place 
of earlier tax incentives

• Need to avoid pitfalls – sustainability issues (CO2 and bio-diversity) 
are key.  Need to keep NGOs support. 

Low blend use of biofuels

• Low blends enable volumes of biofuels to be used 
widely, generally within existing vehicle parc, and usually 
without customer awareness

• Existing vehicle parc designed mostly for 5% max 
bioethanol or biodiesel.

• 5% biodiesel likely to be preferred initial approach by fuel 
companies.

• Pipeline distribution of ethanol blends can cause issues
• Vapour pressure of low ethanol blends requires reduced 

vapour pressure base petrol to be used, affecting refinery 
economics.
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Issues of High Blend Fuels Entry

• Experience shows that high blend fuels engage with 
consumers and media.  Low blend fuels provide little to 
no engagement and little opportunity of communicating 
the need for societal change. 

• Cost and other issues but there are opportunities to 
address:

� Vehicle price (Car Manufacturer and Gov’t controlled)

� Company Car Tax (Gov’t controlled)

� Circulation taxes (VED) (Gov’t controlled)

� Congestion charge (Local Gov’t controlled)

� Insurance costs (Insurance industry controlled)

� Fuel infrastructure (Fuel Retailers controlled)

� Fuel Price (Gov’t controlled)
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Part 3: Use of Ethanol in Flex-Fuel Vehicles

• Can use any blend of ethanol and petrol from 0% to 
85% ethanol in the same fuel tank

• Pure ethanol has a low vapour pressure
• Insufficient vapour generated to ensure cold engine start

• Solved by use of petrol blended at 15 – 30%, depending 
on climate (cold conditions = less vapour produced = 
need more petrol)

• 85% ethanol + 15% petrol = E85
• Important that finished fuel is correct quality

• Ethanol contains >1/3rd oxygen
• Lower stoichiometric (chemically balanced) air-fuel ratio
• Lower calorific value
• - Requires greater fuel mass to achieve same 

performance

• More corrosive / aggressive than petrol

Vapour pressure of ethanol – petrol 
blends 

PETROL - ETHANOL MIXTURES
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Use of Ethanol in Flex Fuel vehicles

• Benefits
• High octane

- 95 RON ULG +85% Ethanol  � 106 RON
- Note: opportunity to move to more efficient higher 

compression ratio if confident that engine would be 
primarily used with E85.

(see SAE 2005-01-4130)

• High latent heat = charge cooling
- Improved volumetric efficiency

Ford Focus Flexi-Fuel Vehicle (FFV)
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Hardware requirements

• Hardened valve seats
• Less self lubrication than petrol

• Fuel pump and injectors enlarged
• Increased fuel flow required

• Fuel system and fuel system material upgrades
• Ethanol more aggressive than petrol

• Block heater for Arctic/severe cold climates
• e.g. Sweden, where also common fitment on conventionally fuelled vehicles

• Not required for less severe climates

Engine management system

• Software uses the HEGO (exhaust gas oxygen sensor) to determine the 
amount of ethanol in the fuel.

• Hence:
• Adapts fuelling to allow for difference in stoichiometric air-fuel ratio of 

ethanol blends compared to petrol.

• Adapts ignition map to suit the different characteristics of varying ethanol-
petrol blends.

• Engine performance not noticeably different between petrol and E85. 
Emissions meet Euro-4 norm.

• E85 use seamless to the customer
• Also compatible with future general petrol if incre asing 

ethanol contents are used – “future proofed”
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Focus FFV engine bay

Conclusions

• The use of biofuels for automotive applications is 
increasing

• Low blends are appearing, but may be 
constrained by existing parc

• High blends offer route to low cost, public aware 
reductions of Well to Wheel CO2

• Flex fuel technology based on standard gasoline, 
so cost effective, already available and 
increasing availability.
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Thank you for your 
attention


