Feasibility of a Lignocellulosic
Ethanol Faclility in the UK

Geraint Evans

Biofuels and Biorefineries Technology Transfer
Manager

National Non-Food Crops Centre
York Science Park
UK



Project Brief

Black and Veatch were commissioned to prepare
a detaliled study critically examining the potential
for building a lignocellulosic ethanol facility in the
UK;

 detail and compare appropriate feedstocks

¢ compare existing and emerging technologies

 establish the economics through modelling
scenarios and if appropriate

* Identify the most likely plant sizes and
configurations.

Work commissioned through NNFCC on behalf of
Department for Environment, Food and Rural Affairs - Defra



UK Transport Fuels Market

Gasoline
DD | Fuetsrefineny UK consumption: 17.8 million tonnes pa
(Nexant)
* Declining by -0.5% per year (Nexant/Concawe)
oo » EU has excess production capacity
Diesel
* UK consumption: 18.5 million tonnes pa
(Nexant/Concawe)

« Growing at +0.9% per year (Nexant)
» EU is short of production capacity, UK about in
balance
Aviation Kerosene
« Significant increase in demand (IP)

* Close to half of demand met by imports
(UKPIA)




Current/Future 15t Gen Capabilities — UK has an emerging first
generation ethanol production capacity

Current Capacity
* Biodiesel 400-500KT
— Further 600 KT in planning stages
* Bioethanol 55KT
— Further 1.9 MT in planning/construction stages

All first generation technologies

2 million tonnes of biofuel will be needed for 2010
target:
* 1million tonnes Biodiesel will need approx 1million tonnes of oil
« 1 million tonnes of ethanol would need approx 3 million tonnes
of wheat
Advanced and 2G project developments progressing
around the world
— Pyrolysis oils
— Torrefaction
— Syngas to fuels
— Waste segregation



Prospects for the UK

To meet potential UK market targets for transport

fuels

Assumes 50/50 diesel/petrol market split & constant

sales

Biofuel Target

Biofuel needed

Potential Supply

(million tpy)

Up to 5% ~ 2 Conventional
technologies - FAME
production plus
fermentation of cereals

5-10% 2-4(0-2 + Emerging (Veg oll

additional) hydrog & BTL?)
+ Imports?

10-20% 4-82-4 + Next generation (BTL

additional) plus cellulosic ethanol)

+ Imports?

Ref: Amec Techno economic analysis




Lignocellulosic Ethanol Technology Overview —

Biochemical Route

22 technology

Suppllers Biomass = Hammer Milling
Preparation = Knife Milling
[ J

Abengoa

Bluefire
logen
Mascoma

/

POET

Cellulase
Enzymes

Engineered yeasts
hacteria or fungi

v

Stillage to CHP
for Heat & Power

= membrane
= thermal integration

Bioethanol
Ref: Tamutec



Thermochemical Route

9 Technology suppliers (Alico/BRI, Choren, Range Fuels)

} POWER
FUELS

FischerTropsch

BIOMASS

ASIFICATIO

Methanol ormaldehyde

CHEMICALS

Ref: Nexant




Hybrid option
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Financial Analysis — Global Insight Scenarios

Market remanaged: OPEC intervention depresses crude prices
Supply constrained:  Suppliers cannot satisfy demand for crude oil in
NNFCC the near term; prices drop after 2020 due to higher supplies of alternate
liquid fuels and weaker demand from higher prices, economic recession
and strong alternate fuels policies.
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O;ﬁ Modelling synopsis

NINECC 1T Generation, biochemical and hybrid
options are financially not very attractive
with most cases affording less than 10%
IRR

e The thermochemical routes showed
robust returns in both scenarios, >27%
IRR In a constrained market

o Unsurprisingly, the market remanaged
scenario provides far lower overall rates
of return than when supply is constrained



Implementation considerations taken into

account
NNFCC Biomass resource
e Straw
— Highest density areas: Midlands, East England, SE
region
* Miscanthus

— Areas of highest potential: East, South England
— Farmers are less inclined to plant
« SRC
— Areas of highest potential : Midlands, NE, NW,
Forestry residues

— Highest concentrations: SE England, Wales, SW & NE
Scotland

« MSW
— Highest concentrations: London, NW, SE England
Offtakes — refineries
Port access
Closeness to first generation plants




A screening process was carried out —
weightings applied

Considerations

* Refinery locations and sizes — those that produce
large quantities of petrol

* Planned first generation ethanol production sites
* Feedstock availabilities
* Transport distances
« Labour availabilities / population
* Cost of land
* Easy port access
* Future ethanol demand
— 2.1 million tonnes by 2020

— 1 million tonnes first generation capacity in
planning



Generally there is insufficient feedstock of any one kind —
ethanol plant production potential by area and feedstock

Wood 20,000 tpa

MSW 265,000 tpa

MSW 180,000 tpa

MSW 194,000 tpa

Wood 38,000 tpa g
S——— Wood 27,000 tpa

\ MSW 280,000 tpa



Other feedstock options

There could be sufficient indigenous feedstock if a
plant was able to be feedstock flexible

* Potential for biomass pretreatment by
— Pyrolysis
— Torrefaction
Operators may have to consider imports



Screening process indicates that Yorkshire/Humberside and the North
West of England have the highest potential.

Hybrid plants likely to develop at first generation production sites.

Weakest option

Potential plant
otential plan Low MSW & forestry

sizes in tonnes

ethanol linked to availabilities, could
refinery offtake Potentially use
limitations Barley straw; low

Labour score.
High potential location:

MSW 132,00(_) tpa High potential

Thermochemical only, location:

biochemical route still ° Straw 77,000 tpa

developmental MSW 143,000 tpa;
biochemical,
thermochemical
or hybrid

Close second Wood 77,000 /7

tpa; Thermochemical

(would require imports) ©~_ Close second
MSW 202,000 tpa

@® Location of planned first generation ethanol plant
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Conclusions

Market opportunities:

« There is a market opportunity for ethanol, created by the RTFO,
primarily for fuels.

* New lignin markets may be attractive - the most economic option
identified was to use some lignin for fuel and some to sell to
alternative markets.

« Some DDGS could become available from hybrid plants although
DDGS prices are expected to fall in the near term as the protein
market shifts

Technologies
« Three options

— Biochemical — may commercialise first but affected by high
enzyme costs

— Thermochemical — cheapest capex and opex but lower yields;
produces a mix of alcohols

— Hybrid — likely to commercialise through development at
existing first generation site where synergies can be
leveraged

« Preferred technology is difficult to identify — improving all the time



Conclusions — Feedstock Availabilities

Feedstocks
« A variety of feedstocks are available in the UK
« There are generally not enough feedstocks of a
single type

— Consider a multifeed process
— Use of imports

« MSW are the largest resource but are limited by
— Heterogenity
— Moisture content

— Pretreatment may be necessary, especially in
near to mid terms.

Most likely locations for a lignocellulosic ethanol plant
In the UK have been identified as
Yorkshire/Humberside and North West England
based around straw and MSW feedstocks.
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