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� Next generation diesel 

technologies
� Summary



Market Size

� Gasoline
• UK consumption: 17.8 million tonnes pa 

(Nexant)
• Declining by -0.5% per year (Nexant/Concawe)
• 165-231 g CO2 /km (Concawe/IEA)

� Diesel
• UK consumption: 18.5 million tonnes pa 

(Nexant/Concawe)
• Growing at +0.9% per year (Nexant)
• 160-198 g CO2 /km (Concawe/IEA)

� Aviation Kerosene
• Significant increase in demand (IP)
• Close to half of demand met by imports (IP)
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Finite Crude Oil SupplyFinite Crude Oil Supply

• 2006 Reserves 1.1 trillion barrels

• Consumption 30 billion barrels pa (x2 1970 levels)

• No OPEC buffer capacity left

• By 2023 consumed >50% of oil in the ground 

• By 2050 global energy demand will be double

• Price volatile but trend is upward



RTFO – Simplified View

� Implementation in April 2008

� The volume target levels (not energy based) for 
biofuels are as follows:

- 2.5 percent in 2008/2009

- 3.75 percent in 2009/2010

- 5.0 percent in 2010/2011

� Fiscal support of 20 pence per litre (timing of its 
removal uncertain)

� Introduction of the “Buy Out” price of 15 pence per litre

� Obligation on the refiner and importer and not the retail 
chain (easier to administer)



Current Biofuel Types

• Vegetable Oils (SVO)

• Biodiesel (FAME),

• Ethanol

• Biogas



1st Generation Biofuels

� 1st Generation Technologies now becoming 
established
• Biodiesel from UK rape and imported oils

• Emerging Ethanol production

� Currently only available renewable liquid fuels
� Usable in current cars and with existing 

infrastructure
� Relatively inexpensive
� BUT
� Not best possible greenhouse gas saving
� Potentially, not ultimately optimum use of limited 

UK land resources
� Food vs fuel



UK Fuel Feedstocks

� The UK is expected to need approx 2 million tonnes 
of biofuel by 2010 to meet the 5% vol RTFO

� Companies could opt for the buy out (15ppl) but 
higher oil prices will lower that risk

� UK Obligation does not prescribe fuel types
� Assuming a 50:50 mix 

• 1million tonnes Biodiesel will need approx 1million 
tonnes of vegetable oil feedstock 

• 1 million tonnes of ethanol would need approx 3 
million tonnes of wheat

� BUT the UK already has a 3 million tonne grain 
surplus, enough to supply the Ethanol requirement

� In 2006 the UK grew over 250,000Ha of oil seed 
Rape (OSR) for Non Food uses



2nd Generation Biofuels
� Step change in processing producing significant 

improvements over first generation.  
• Ie Uses whole of biomass
• Any biomass can be grown (ie non food)
• Can utilise alternative land areas
• Will be necessary for biofuel inclusion levels over 

about 5-10%
� Ethanol technologies

• Lignocellulosic fermentation
• Gasification/microbial
• Being established in the USA

� Diesel technologies
• BTL (cf GTL and CTL)
• Potentially closer to being established than 2nd

gen ethanol in the UK



UK BtL Position - Nexant

� To provide the NNFCC  with an independent 
evaluation of the commercial opportunity for 
BTL production in the United Kingdom

� Market position
• The balance between gasoline and diesel 

demand varies between regions:
• In N. America gasoline demand is ~ 3 x diesel
• In Europe gasoline and diesel demand roughly at 

parity but increasing towards diesel
• In Asia gasoline demand is ~ 0.65 x diesel

� Indications are that region specific strategies are 
needed to succeed in the biofuels business to take 
into account respective gasoline and diesel market 
dynamics.
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BTL Process Flow (ref. Nexant)
Natural

Gas
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Routes via Syngas
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UK BtL Position - Benefits

� 2nd gen BtL Biodiesel presents far 
fewer problems to the downstream 
processes as product is superior to 
present petro-chem diesel

� BTL process affords a wide added 
value product slate, e.g., heat, 
power, fuel, naptha, lubricants

� Can use biomass in many forms
� 2nd gen BtL has a dramatic 

improvement in environmental 
credentials compared to 1st gen. 

� UK can develop a 2nd generation 
diesel capability but it will require 
involvement of all the supply chain

Middle
Distillate

s
55-70%

Naphtha
15-30%

LPG
5-15%



On a Well to Wheel Basis BTL shows strong 
GHG performance even allowing for Bio-Oil
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BTL Challenges

� Feed supply
� Feed preparation
� Gasification

• Entrained flow 
• Develop coal/petcoke designs
• Siemens, Choren

� Syngas Conditioning
• H2/CO ratio not ideal from biomass
• Must remove pollutants – several steps

� Fischer Tropsch system
• Catalyst type, reactor type, supplier

� Complex technology
� High Capital Expenditure



NNFCC - from crops to cashflow: building sustainable supply 
chains

2nd Generation Biofuels

Energy Maize

15 -18 dt/ha

30 dt/ha

Quelle: KWS



BTLCOMPLEXBTLCOMPLEX

Biomass Supply Issues 
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� Logistics severely impact 
the cost of supply.

� Compromise between 
logistics and feedstock 
(variable cost) and scale.

� Choren/Shell set at 
5KBPSD but reliant on 
one principle feedstock, 
namely wood.

� UK plant is likely to be a 
polyfeed facility 
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Biomass Supply Issues – Key 
Questions
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� Bio-Oil or pyrolysis oil may 
provide the link between a 
broad range of biomass 
sources and BTL.

� Pyrolysis units could be 
localised and Bio-Oil moved 
in bulk ships to a centralised 
coastal BTL facility

� ECN in the Netherlands have 
examined the economics of 
various BTL pre-treatments 
with pyrolysis oil looking 
favourable for a Rotterdam 
BTL solution
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Fuels refinery

Straw Sourcing

Miscanthus Sourcing

Wood Sourcing 

BTL Facility

Wales

Scotland

England

� Main forestation in the North 
West, South West and 
Scotland.

� Source Wheat straw from the 
Vale of York and East Anglia

� Source Miscanthus in the 
South East Midlands and East 
Anglia

� Logistics suggest movement 
of bio-oil to a major port site 
with local refineries.

� Humberside appears to fit 
simple selection criteria.

Biomass for Bio-Oil and BTL



2nd Gen Comments & Conclusions

� Market situation compelling from various demand 
drivers and new legislation – focus moving to energy 
security

� BTL Technology looks viable with Bio-Oil commercially 
proven and can use multiple biomass feedstocks

� The UK will most likely commercialise BTL with a mix of 
feedstocks sourced throughout the country

� Project capital intensive but competitive especially when 
many FAME producers reliant on imported natural oils

� Project financials are generally weak and need a strong 
incentives package to make projects viable

� An action plan is needed for commercialisation 
facilitated by the NNFCC and affiliated bodies.

� 21st June Launch Event, London



Thank you

Website: www.nnfcc.co.uk



Backup slides



Europe is a growth market for 
petroleum diesel and biodiesel

EUROPEAN DIESEL DEMANDEUROPEAN DIESEL DEMAND
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Regional characteristics of biofuels demand

GLOBAL MAJOR TRANSPORTATION FUELS DEMANDGLOBAL MAJOR TRANSPORTATION FUELS DEMAND
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Biodiesel capacity is rising steeply in Europe led by
Germany and Italy with France and UK emerging

EUROPEAN BIODIESEL PRODUCTION CAPACITYEUROPEAN BIODIESEL PRODUCTION CAPACITY
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Legislation

� Kyoto Protocol
• aiming to reduce GHG emissions 12.5% below 1990 

levels, between 2008 - 2012

� Renewable Transport Fuels Obligation (RTFO)
• inclusion of 5% biofuel (by volume) in all transport fuels 

by 2010, indicative target of 10% by 2015

� LCVP Sustainability Criteria
• Due 2008

• Environmental assurance guidelines for biofuels, to 
ensure sustainable procurement of feedstock



First Generation Processes

� Ethanol
� Pros

• Mature technology, firmly established in US 
and Brazil

• Made by fermentation of cereals, grains, sugar 
crops – does not convert whole plant to fuel

• High octane value  - derives greater energy 
from the fuel at low blends 

� Cons
• Low energy density compared to gasoline
• Low flash point
• Compatibility issues for end use
• Variable green house gas reduction potential 



First Generation Processes - continued

� Biodiesel
� Pros

• Relatively well established fuel – being used as a blend 
in petroleum diesel.

• Typically made by transesterification of rape seed (or 
other oil seed crop)

• Easy to integrate into existing infrastructure at low 
blends.

• Good GHG reduction potential
• Good lubricity (offsets reducing lubricity levels in low 

sulphur diesels)
• No sulphur

� Cons
• Compatibility issues for end use (at high blends)
• Oxidises in storage (rate depends on feedstock)
• Inconsistent feedstock could yield inconsistent product 

qualities
• AMEC report provides a techno-economic assessment 

of existing and emerging  ( 2nd Gen) technologies.



Biodiesel Production
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Feedstock Potential

Wheat Sugar Beet Oilseed rape

Biofuel Type Ethanol Ethanol Rape Methyl 
Ester (RME)

Process Fermentation Fermentation Trans-
esterification

Average yield (t/ha) 7.96 57.3 3.2

Biofuel yield (t/ha) 2.21 3.95 1.18
(40% oil; 100% 

conversion)

By-Product Dried grain, 
solubles, straw

Beet pulp, dried 
residues

Glycerine, fodder 
cake



RTFO Land Requirements

Petrol Diesel

Estimated 2010 demand 21.5 million tonnes 22.5 million tonnes

5% by volume 
(RTFO – 2010)

1.4 billion litres 
bioethanol

1.35 billion litres 
biodiesel

Feedstock Wheat Oilseed Rape

Feedstock volume required 4 million tonnes 2.8 million tonnes

Feedstock Yield 8 tonnes / ha 3.2 tonnes / ha

Land Required 500,000 ha 870,000 ha



UK Non-Food Crop Areas
A) Non-Food Crop areas grown on set-aside land in t he UK

1) Estimated area grown outside set-aside land

B) Area of non-food crop production identified thro ugh various support 
schemes on non-set aside land in the UK

Crop 2002 2003 2004 2005 2006

Oilseed Rape 61,534 61,908 35,300 57,464 65,835

High erucic acid rape 13,588 20,234 10,652 11,627 9,830

Linseed 731 1,916 1,003 3,285 3,852

Other Non-Food Crops* 2,942 6,461 3,832 3,550 3,792

*Primarily

Crambe 1,171 3,596 950 105 0

Wheat 0 0 296 2,234 3,062

Barley 135 1,136 456 1,112 693

Poppy 466 1,509 1,978 1,650 (1) 774 (1)

Chamomile 175 167 137 68 32

Crop Area (ha)

2002 2003 2004 2005 2006

Linseed 13,000 34,000 31,000 49,000 32,300

Energy Aid Payment Scheme (UK)

Oilseed Rape N/D N/D 32,972 99,351 186,949



UK Arable position

Wheat Sugar Beet Oil Seed Rape
(OSR)

Area Grown in 
(000,000 ha)1 1.87 0.148 0.593

Average yield 
(t/ ha)1 7.96 57.3 3.2

Biofuel Type Bioethanol Bioethanol Biodiesel
Biofuel made 
by….

Fermentation Crush/ mash 
followed by 
fermentation

Crush followed by 
transesterification

Volume Biofuel 
(t/ ha)

2.21 3.95 1.18

By-product 1) Dried grain &  
solubles

2) Straw

Sugar beet pulp 
& dried residues

1)  Glycerine
2)  Rapeseed cake

By- product Use 1) Animal feed
2) Re-ploughed/ 
Animal bedding
3) power

Low protein 
animal feed

1) Many uses, e.g.  
Pharmaceuticals,  
glues, resins.

2) Animal feed, 
bioplastics,  
stabilisers

Land needed 
for 5.75% (v/v) 
RTFO 
(000,000, ha)

0.29 0.16
Values assume 50% contribution from 

each feedstock for bioethanol.

12

1 http://statistics.defra.gov.uk/esg/default.asp.
2 Oil seed rape contains approx. 40% recoverable oil. Assumes 100% conversion to biodiesel.



NNFCC - from crops to cashflow: building sustainable supply 
chains

Company Location Tonne/ Year Startup

Biodiesel

Greenergy

BIP Olbury site,
Midlands

12,000 Operational

Immingham 100,000 2007

Liverpool 100,000 Planning

Argent Energy Motherwell 44,000 Operational

D1 Oils Nateby, Preston 8000 (UK) Operational

Biofuels Corporation
Seal Sands, 
Middlesbrough

250,000 (+ 2 
additional 200,000 

plants)
Operational

ESL Biofuels Frodsham, Surrey 100,000 Operational

INEOS Enterprises Grangemouth 500,000 2008



NNFCC - from crops to cashflow: building sustainable supply 
chains

Bioethanol

Green 
Spirit Fuels Henstridge 100,000 2008

Wheat www.greenspiritfuels.
com

Humber 
Biofuels

Immingham, 
Humberside

200,000 Planning
Wheat www.greenspiritfuels.

com

Roquette
Corby, 
Northampton
shire

95,000 2008/planning

Wheat www.roquette.com

Bioethanol 
Ltd.

Humberside 100,000 2007
Wheat www.bio-fuels.co.uk

British 
Sugar

Wissington, 
Norfolk

60,000 2007
Sugar 
Beet

www.britishsugar.co.
uk

Ensus Wilton 320,000 2008/9
Wheat

Vireol N East 300,000 ?
Wheat

Abengoa N East 300,000+ ?
Wheat

INEOS 
Grangemouth
?

? Planning
Wheat www.ineos.com

Losonoco Merseyside ? Planning
Waste 
wood 

www.losonoco.com



NNFCC 06/07 Fuels Project Work
� Techno – economic evaluation of emerging biodiesel 

production technologies (AMEC)

� Feasibility of Biomass to Liquids (BtL) production in 
the UK (Nexant Chem-Systems)

� Mapping the Development of UK Biorefinery 
complexes (Tamutech)

� UK Market opportunity for vegetable based polyols

� An Assessment of opportunities for sugar beet 
production and processing in the United Kingdom

� Biodiesel and Biogas  - On Farm Study (SAC)



AMEC 
� AMEC looked at 4 fuel types 

• BtL
• Hydrogenation and Hydrocracking
• Pyrolysis
• 1st gen diesel 

� Study focussed on large scale processing e.g., up to 
250KT 

� Developed a SWOT analysis for competing fuel types
� Aside of 1st gen all need large capex provision
� Hydrogenation uses vegetable oil as feedstock –

likely to increase use of palm oil
� BtL and pyrolysis need large volumes of ‘biomass’

e.g., 1MT+ 
� Coupling BtL with pyrolysis provides a way forward 

but needs involvement of v large companies 
� Report available June 2007 from NNFCC website



AMEC Cost Model

� Spreadsheet based model for estimating 
capital, operating and production costs of 
FAME plants between 25 and 250 ktpa

� Model uses published cost data.  Curves 
based on these have been built from which 
the costings are calculated.

� User must define
• Plant capacity
• Feed type
• By-product type
• Prices for feed oil and other consumables

� Model is claimed to give good agreement 
with published production costs.

� Model should only be used as a guide by 
users

� Report available from Mid June
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NNFCC - from crops to cashflow: building sustainable supply 
chains

2nd Generation Biofuels



Refined Product Split

� Typical of:
• Low temperature 

Fischer Tropsch
• Cobalt catalyst
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Rationale

� To gain a thorough understanding of the potential for 
on-farm processing opportunities for a range of non-
food products



NNFCC - from crops to cashflow: building sustainable supply 
chains

2nd Generation Biofuels

Quelle: KWS



Gasification opens the way for a number of 
fuel, energy and chemical production options 

MethanolMethanol
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2nd Generation Biofuels

www.choren.de



2nd Generation Biofuels

• Choren JV with Shell

• Biomass to synthesis gas to diesel
• Demonstration Unit operational in Frieberg

•World Scale plant 250,000tpa in 2008


