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Anaerobic Digestion to Biomethane

Biomethane to Vehicle Fuel

Project Drivers

Benefits & Incentives

Key Issues & Barriers

Potential Project Scale




* Breakdown of organic matter by micro-organisms in sealed & heated
anaerobic conditions to generate biogas

— Biogas

* Removal of CO, + contaminants + water
— Equivalent use to fossil-fuel derived natural gas

~ 65% methane (CH,); ~35% CO, + trace contaminants + water
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* Biomethane offers most significant well to
wheel carbon savings of all vehicle fuels

— Av. 70% well to wheel carbon emission
reductions from municipal waste

— Potentially carbon negative depending on
waste source used i.e. manures

e Other emissions advantages: O

— Quieter
30% reduction in noise levels

— Cleaner
60% reduction in NOx levels Blomethane
50% reduction in SOx levels
98% reduction in CO levels
90% reduction in particulate PM10 levels 3

Taken from EC commissioned Concawe Report



Legislation

Regulation

&
Incentives
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Climate Change Bill
— 26-32% CO,e reduction by 2020 & 60% by 2050
— CRC from 2010

EU Landfill Directive & UK Landfill Tax

— Diversion of 20 million tonnes/yr of biodegradable
municipal waste from landfill from 2020

Animal By-Product Regulations (ABPR) 2005
— All animal by-products to be treated before disposal
— Anaerobic Digestion approved treatment method

Green Energy Fiscal Incentives
— ROC's for electricity generation
— RTFO certificates for transport fuel

Waste Strategy 2007
— Promotion of Anaerobic Digestion to treat waste



« Climate change high on public agenda

— Need to reduce carbon emissions  Government
forced to act (Climate Change Bill)

Environment — Need to improve local air quality  drive for cleaner
transport fuels

Fossil fuel reliance unsustainable  alternatives
needed

— Prices high

— Supplies declining

— Dependant on imported energy supply

Public Perception

Lincolnshire issues:
— Diverse spread of population across County

— Transport accounts for 40% of regions CO, emissions
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Renewable Transport Fuel Obligation is a mechanism to meet EU'’s
Biofuels Directive of at least 5.75% biofuel use by 2010

— Biomethane qualifies for 1 RTFO per litre (liquid ) or per kg (gaseous) when
used for road transport applications, currently valued at 15p each

Revenue from fuel sales in addition to RTFO allowance

Potential fuel duty reduction / elimination

— Green Fuel Challenge  EU duty forgiveness on initial supplies to support
use of Biomethane in specific business sectors

— Natural gas used for municipal transport purposes attracts zero duty

<



Good and bad biofuels

— From 2010 due to be linked to carbon intensity  potential increase in
biomethane allocation to 1.5 RTFO depending on GHG savings

— From 2011 due to be issued to sustainable biofuels only

— Biomethane is a by-product  qualifies as sustainable biofuel

Elimination of landfill disposal & associated costs when treat own waste
through anaerobic digestion

Potential to receive gate fees competitive with landfill rates if receive
third party waste



* Vehicle Excise Duty reduction /
— VED linked to vehicle CO, emissions

— Biomethane lowest CO, emissions of all fuels

e Fuel cost savings ,
— Cost savings compared to diesel of 20 — 30% achievable depending on
treatment processes adopted & fossil fuel prices
* Increase in green credentials
— CO.,e emissions reduction of ~25% when replacing diesel with natural gas /

and ~ 75% when replacing diesel with Biomethane
— Delivery of corporate / social responsibility targets
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Digestate disposal

— Digestate high fertiliser value but traditionally classed
as a regulated waste (except farm manures)

_ — Draft Digestate Quality Protocol introduced end 2008
Disposal de-regulates digestate to a product if feed supply is
source-segregated

— Digestate disposal no longer a barrier if land bank there

Digestate

Animal By-Product Regulations (ABPR)

— Category 3 ABP’s can be treated in an AD facility with
correct handling & pre-treatment (70C for 1 hour) but
increases treatment costs

Regulation

Planning & permitting
— Planning permission required  extensive consultation
— EAlicense required to receive & treat waste streams g
— Pollution Prevention & Control (PPC) permit required
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 Perception — ‘new’ technology

— Government classification of non-sewage sludge AD
as ‘emerging’ technology

Perception — But AD has been used by water industry for 100+
years

— New ways of pre-treating waste to maximise biogas
production during AD

* Financial backing
— AD projects capital intensive

_ _ — Classed as ‘Clean Technology’ attracts interest
Financial from private equity finance companies

Backing — Current financial climate will affect availability of debt
and hence debt / equity ratio

— Need to make financials and hence pay back periods
stack up
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Vehicle
Availability

Infrastructure
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Vehicle availability
— No RHD gas vehicles currently available in UK

— Commitment from vehicle manufacturers to produce
RHD gas vehicles VW Caddy van, Maxi van & Maxi
Life available from end September 2009

Infrastructure

— Need for sufficient number of re-fuelling stations at
convenient locations across the county

— Back to base re-fuelling stations for large vehicle fleets

Infrastructure logistics

— Need efficient transport of Biomethane to re-fuelling
stations

— Liquid Biomethane (LBM) 600 times less space than
Compressed Biomethane (CBM) easy to transport

— LBM can be used to create CBM combined CLBM
filling stations an option 11
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o Safety & Performance

— Gas tanks extensively safety tested — heat proof &
Safety & leak proof in accident & when re-fuelling

Performanc — NGV'’s dual fuel so ability to run on fossil fuels where
e natural gas or biomethane not available

— VW Caddy 105 mph top speed; 270 mile travel
distance on CNG; 350 miles on dual fuel; CNG tanks
located under floor so no loss of load space

 Vehicle costs
— Capital costs ~ 10% higher

Costs & — Mercedes-Benz report 30% reduction in opex costs on
Perception NGV Sprinters due to tax breaks on natural gas

 Perception — ‘new’ technology

— Approximately 6.5M gas vehicles operating worldwidey 2
common in every sector in Europe



* Vehicle survey

Total of 1,705 vehicles classified in user survey
1,143 vehicles classed as buses & coaches

Gas needed to run vehicles based on annual mileage & fuel consumption
Based on 50,000 km/yr;

o 25,315,941 kg of gas needed to run all these vehicles

» 21,386,364 kg of this gas needed just to run all buses & coaches captured in
survey due to low fuel consumption rates
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* Anaerobic Digestion plants

Biogas production dependant on feedstock type, composition & treatment
Low biogas yield manure

High biogas yield food waste

Based on manure as a feedstock only, would need 39 AD plants with a treatment
capacity of 50,000 tpa each to run 1,705 vehicles (based on 50,000 km/yr)

Based on food waste as a feedstock only, would need 8 AD plants with a
treatment capacity of 50,000 tpa each

14



e Carbon savings

Carbon savings and fuel consumption dependant on size of vehicle and
annual mileage

Natural gas offers ~25% CO, emissions savings compared to diesel
Biomethane offers ~75% CO, emissions savings compared to diesel

Conversion of all 1,705 vehicles surveyed to natural gas will save 56,052
tonnes CO ,/ year

Conversion of all 1,705 vehicles surveyed to Biomethane will save 168,156
tonnes CO , / year

[
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 Cost savings

— Cost savings dependant on vehicle size hence fuel consumption, annual
mileage, size of vehicle fleet operated & fuel costs

— Assuming all vehicles do 50,000 km/year at a CNG / CBM cost of 30% of
diesel (£1.05 /), costs savings for a 20 vehicle strong fleet are:

More mileage
Larger vehicles

Caddy

Sprinter

Econics

Tanker

Buses / Coaches
Passenger (Passat)
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£18,862 /yr
£31,500 /yr
£52,500 /yr
£63,000 /yr
£143,182 /yr
£20,724 |yr

more fuel savings
more fuel savings + more carbon savings
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