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Glossary of abbreviations

ABPR
AD
CAD
CHP
DECC
DM
EA

EP

FIT
kWh
MW
MWh
NVZ
PAS 110
RHI
RO
ROC
RTFO
WRAP

Animal By-Product Regulations
Anaerobic Digestion

Centralised Anaerobic Digestion
Combined Heat and Power

Department of Energy and Climate Change
Dry Matter

Environment Agency

Environmental Permitting

Feed in Tariff

Kilo Watt Hour

Mega Watt

Mega Watt Hour

Nitrate Vulnerable Zone

Publicly Available Specification 110
Renewable Heat Incentive

Renewable Obligation

Renewable Obligation Certificate
Renewable Transport Fuel Obligation
Waste and Resources Action Programme

Glossary of Terms

Acetogenesis

Acidogenesis

Anaerobic

Biogas

Biomethane
Digestate
Digester

Dry Matter

Feedstock

Hectare

Date: 14/02/2011

A process where anaerobic bacteria produce acetic acid from
volatile fatty acids. The third phase of AD.

A biological process converting simple monomers (such as
amino acids) into volatile fatty acids.

‘without oxygen’

Gas formed from anaerobic digestion, being about 60%
methane and 40% CO,, some hydrogen sulphide and ammonia.

Purified methane from biogas.
Material left following anaerobic digestion
Tank in which the anaerobic digestion process takes place.

Also known as Dry Weight is a measure of the mass of
something when completely dry.

Material that feeds the digester.

Equivalent to 2.47 acres or 10,000m?
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Hydrolysis
Mesophilic

Methanogenesis

Thermophilic

Process of breaking down a compound by reaction with water.

Type of anaerobic digestion operating at 30 and 45°C.

Process where microbes form methane by binding hydrogen

and carbon molecules.

Type of anaerobic digestion that operates at, or in excess of

50°C.

Energy and Power Definitions

Conversion factors for units of energy

k3 kcal kwWh kg ce kg oe m?3 natural gas
1kJ 1 0.2388 0.000278 0.000034  0.000024 0.000032
1 kcal 4,1868 1 0.001163 0.000143 0.0001 0.00013
1 kWh 3600 860 1 0.123 0.086 0.113
1 kg ce 29 308 7 000 8.14 1 0.7 0.923
1 kg oe 41 858 10 000 11.63 1.428 1 1.319
1 m? natural gas 31 736 7 580 8.816 1.083 0.758 1

Units of energy overview

Unit Name Conversion to kJ or kWh
] joule 10001=1000Ws =1k
cal calarie 1000 cal =1 kcal = 4.186 kI
Wh watt hour 1Wh =3.6 k]
(kg) ce (kilogram) coal equivalent 1kgcoe =29 308 K
(kg) oe (kilogram) oil equivalent 1 kgoe =418a68 k]
m? natural cubic meter natural gas 1 m=® natural gas = 31 736 kJ
gas

BTU British Thermal Unit 1 BTU = 0.000293071 kWh = 1.05506 kJ
kpm kilogram force meter 1 kpm = 2.72e-6 kWh = 0.00980865 K]

(Kilopondmeter)

erg erg 1erg=2.78e-14 kWh = 1e-10 kJ
eV elektron volt leV =1.60217733e-191=1.60217733e-

22k
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Executive Summary

The Coalition Government in England has produced its first draft action plan on

Anaerobic Digestion (AD) to help increase the production of energy from biowaste.

The Department for Environment, Food and Rural Affairs (Defra) has announced in
November 2010 an anaerobic digestion framework document that aims to set out the
steps needed to increase energy from waste in England through AD.

The document followed on from the previous Labour Government® implementation
plan released earlier this year in March 2010. This previous document, entitled

Accelerating the Uptake of Anaerobic Digestion in England: an Implementation Plan

was designed to set the country on a path to extract more energy from renewable

sources.

Eight areas were highlighted in the latest plan that the government said it would be
focusing on, including: improving understanding of the AD landscape; raising
awareness of AD - community AD and localism; improving access to finance;
building UK skills; smarter regulation; building safe and secure markets for digestate;
building markets for biomethane for transport fuels and AD in the rural community.

Anaerobic digestion is a series of processes in which microorganisms break down
biodegradable material in the absence of oxygen, used for industrial or domestic

purposes to manage waste and/or to release energy.

It is widely used as part of the process to treat wastewater. As part of an integrated
waste management system, anaerobic digestion reduces the emission of landfill gas

into the atmosphere.

Anaerobic digestion is widely used as a renewable energy source because the
process produces a methane and Carbon Dioxide rich biogas suitable for energy
production, helping to replace fossil fuels. The nutrient-rich digestate which is also
produced can be used as a fertiliser.
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North York Moors National Park is a national park in North Yorkshire. The moors
are one of the largest expanses of heather moorland in the United Kingdom. It
covers an area of somel,436 km? (554 square miles), with a population of
approximately 26,000.

The park recognises the importance of reducing carbon emissions and supporting
renewable energy development appropriate to the park. To this end the Authority
Services instigated the Community Renewable Energy Project which seeks to
develop community based renewable schemes in the park. The project was
launched back in 2004 and it is supporting three local projects in Danby Parish,

Appleton le Moors and Spaunton and Botton.

This report discusses AD opportunities within the park and focusing on
agriculture, food waste, food processing and other potential opportunities,
however it is noted that these also need to be aligned with the parks 2010
Renewable Energy Supplementary Planning Document and in particular section 5
‘Appropriate Renewable Energy development in the North York Moors National Park,
Energy from Waste.

Agricultural opportunities - Within the national park farming is the biggest
land use and there are about 1300 farms altogether and arable and pastoral
farming covers about 40% of the National Park, approximately 600 square
kilometers. Within this agricultural sector opportunities exist for the use of
animal waste together with a range of crops including specifically grown
energy crops, which includes Maize and Grass Silage for AD feedstock,
however the AD biogas output (yield) is dependent on the type of feedstock
used.
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Food waste opportunities - The Waste & Resources Action Programme
(WRAP) estimates that 8.3 million tonnes of food and drink are wasted in the
UK; 5.3 million tonnes of this is classed as avoidable waste. Within North York
Moors National Park there are numerous small cafes, restaurants, visitor
centres etc and a number of these were contacted and of those that replied
there was an expression of interest in using their food waste in an AD facility.
Indeed from the “Inspired by” guide of local produce for food and drink (and
Arts & Crafts) lists the different categories and variety of produce
manufactured within the national park. From this guide it is possible to group
these around specific towns, for example around the Pickering,
Kirkbymoorside, Appleton-le-Moors and Helmsley areas where there are
clusters of food/drink produces where individually or collectively could develop
AD interests.

Food processing opportunities - Within the park there are no large food
manufacturers/processors, however there are a number of small ‘family run’
companies specialising in dairy products i.e. Ice creams, eggs, chocolates;
fruit and vegetable produce, who as individuals or combined could look to
develop AD using their waste products. On the boundary of the park Whitby
and Scarborough have a number of medium sized food
manufacturers/processors, for example Whitby Seafood Limited and McCain

Food UK Limited, together with smaller companies such as Trillo Ice Cream.

The report has addressed three different plant size scenarios for the AD

development, together with a number of other potential opportunities.

[Note: The MW, or kW, is electrical output and MWy, or kWy, is thermal (heat) output,
these are only approximate figures as there are other variable to take into account
such as the CHP engine efficiency and parasitic load, which is the power required to

run the plant]
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Scenario one: Conventional large-scale AD plants. These range from
750kW through to 2MW output and the required feedstock and approximate

costs are:

Plant size Feedstock (tonnes) | Cost (EM)
1MW, (~ 2MWy,) 30,000 4-6
2MW, (~ 4AMWy,) 60,000 6-8

Due to planning, park restrictions, SSSI, and AD feedstock movements it seems
unlikely that a conventional AD plant would be possible within the National Park.
Another potential problem within the park for a large scale plant is grid connection
and its availability. The Primary Sub-stations within the park show the majority of
these sub-stations are located around the park boundary with the majority located
around Stokesley, Guisborough, Whitby and Scarborough. There are however two
located at the south end within the park boundary at Kirkbymoorside and Thornton-
le- Dale. Any opportunities for conventional large scale AD plants are primarily
around the large towns just outside the park boundary such as around Whitby and
Scarborough where there exist the potential feedstock volumes together with the
potentially accessible transport routes. With respect to the Whitby Business Park
Area Action Plan are there opportunities to develop an AD plant which would

compliment what the action plan is trying to achieve.

Scenario two — Small-Scale AD plants. Small-scale Anaerobic Digestion
plants range from 60kW to 100kW output, the required feedstock and
approximate costs are:

Plant size Feedstock (tonnes) Cost (£k)
60kW, (120kW ) 3,000 500
100kW (200kWn) 5,000 600

Date: 14/02/2011
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The advantages of smaller scale plants is there wider applications in the processing
of smaller volumes of waste which also has an impact on transport movements since
smaller scale units enable local treatment at the source of generation. A relatively
lower cost in comparison with conventional AD plants which will enable a better
payback period.

Within the park and outside of the park there exist a number of potential
opportunities for small-scale AD plants which are worth investigating further.

1. The area from Helmsley to Pickering following the A170

2. A chicken farmer at Faceby is interested in AD to dispose of the waste from

approximately 14,000 chickens.

3. Two pig farms outside the National Park at Guisborough and one inside the
National Park at Grinkle.

Scenario 3 — Micro-Scale AD plants. Micro-scale Anaerobic Digestion plants

output approximately 2kW, the required feedstock and approximate costs are

(approx):
Plant size Feedstock (tonnes) | Cost (£k)
2kWe (4kWy,) 100 25

Micro scale AD deals with small volumes of feedstock waste to provide small
guantities of electricity. The advantages of this is that in situations where there is
limited waste, limited space and limited capital budget this system enables a
potential return from either landfill or composting.

Again within the park and outside of the park there exist a number of potential

opportunities for Micro-scale AD plants.

1. Botton Village — opportunities to use AD together with or an alternative to
composting also opportunity to use village/café food waste. Expressed an

interest in this scale AD and a possible feasibility study.
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2. The Forestry Commission would be interested in a micro/small scale AD plant
with the possibility of using the Dalby communities waste, which includes 14
properties and 1 farm which is just outside Dalby. The farm is an arable farm.
The sewage treatment works within the Dalby visitor centre is also a

possibility for AD feedstock.

Scenario 4 - Other opportunities for AD plants Other potential AD
opportunities worth investigating include: Yorkshire water with respect to
sewage treatment works, Petch Water, Gwilliams Recycling, a number of Fish

farms within the park.
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1.0 Introduction

Developing and accelerating the uptake of renewable energy technologies will help
the UK meet its goal of decarbonising energy production in the UK, while ensuring
secure and safe energy supplies and exploiting the significant economic
opportunities of the move to a low-carbon economy. It will also enable us to meet our

EU renewable energy target to source 15% of our energy from renewables by 2020.

From the UK political perspective the Government is committed to encouraging a
significant growth in the use of anaerobic digestion, a technology with great potential
to contribute to our climate change and wider environmental objectives. In fact it is
the only technology that was specifically mentioned in the Government’s coalition
agreement (http://www.cabinetoffice.gov.uk/media/409088/pfg_coalition.pdf, page
16)

In February 2009 DEFRA published Anaerobic Digestion — Shared Goals.
Developed jointly with a broad range of organisations, this set out collective
ambitions for the use of anaerobic digestion in the UK. DEFRA also convened the
Anaerobic Digestion Task Group to make recommendations for practical actions to
achieve their Shared Goals. The Task Group published their report, Developing an
Implementation Plan for Anaerobic Digestion, in July 2009; also in March 2010 they
published Accelerating the uptake of Anaerobic Digestion in England: an
implementation plan. The purpose of this Implementation Plan is to provide a
framework for action by Government and partners in the public and private sector to
accelerate the uptake of anaerobic digestion in England. And although the DEFRA
publications were produced when the labour government was in power, the recent
government coalition manifesto has highlighted that they would like to see Measures
to promote a huge increase in energy from waste through anaerobic digestion and
together with their continued support to the Feed in Tariffs and commitment to the
long awaited Renewable Heat Incentive, should further increase the interest in

Anaerobic Digestion especially in the rural sector.
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The latest document published by DEFRA at the end of November 2010 “Developing
an Anaerobic Digestion (AD) Framework” is a document setting out the steps that
the Government believes are needed to increase energy from waste in England
through anaerobic digestion (AD)

(http://www.defra.gov.uk/environment/waste/ad/documents/anaerobic-digestion-

framework-101130.pdf). The document is part of DEFRA’s Structural Reform Priority

3.1.V to ‘Set out steps to promote increased energy from waste through anaerobic
digestion’ leading DEFRA to develop its priority 3.1.vi of the Structural Reform Plan;
in order to publish a detailed strategy to encourage anaerobic digestion measures.

Within the rural sector there are a number of specific challenges, with respect to
energy and wastes.

1. Security of energy supply by this we mean the rural community has in the past
not been part of the mainstream energy debate, also the actual supply has
often not been secure.

2. Managing and disposing of waste, there is less opportunity to put wastes on
land without treatment and due to the physical environment many rural
locations are not on ‘main drains’ and as such are required to use septic
tanks.

3. Energy pricing difficulties - supplying areas without incurring high associated
costs.

4. Cost of supplying services is rising e.g. waste collection

North York Moors National Park recognises the importance of reducing carbon
emissions and supporting renewable energy developments which are appropriate to
the National Park but do not detract from delivering the statutory National Park
purposes. As part of its commitment to this the Park Authority is co-ordinating a
Community Renewable Energy Project which seeks to develop community based
renewable schemes in the Park and is also supporting renewable energy schemes
through its Sustainable Development Fund.
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The parks recent Renewable Energy Supplementary Planning Document, aims to
ensure that appropriate renewable energy developments can be supported within the
National Park (http://www.northyorkmoors.org.uk/uploads/publication/10724.pdf).
Sections of this document relates to a number of Renewable Energy technologies
one of which includes Energy from Waste (including combustion, gasification and
pyrolysis). For the park energy from Waste plants would need to be considered
under Core Policy F ‘Sustainable Waste Management’ as well as Core Policy D
‘Climate Change’. These policies provide support in principle to small scale waste
disposal facilities but regard larger facilities as major developments which will only
be permitted in exceptional circumstances. The main considerations with respect to

planning include: the visual impact, traffic movements, odour and pollution.

From the information above this report is being undertaken by Anaerobic Energy
Limited via a grant from North York Moors National Park Sustainable Development
Fund. Anaerobic Energy Limited (AEL) a spin out company from the Centre for
Process Innovation (CPI) based at Wilton Centre near Redcar, who have the
necessary expertise within AD development to have a pragmatic perspective on AD
development opportunities within North York Moors National Park. Anaerobic Energy
Limited itself is a commercial AD project development company that can design,
build and operate AD plants. This report aims to review Anaerobic Digestion
technology and to look at opportunities to develop AD within the park as a potential
renewable energy schemes and to focus on a small number of potential project to be

taken forward as studies.
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2.0 Anaerobic digestion of (solid) waste

There are a number of different biological degradation processes that exist in nature,
and many of these are used for the treatment of solid wastes and wastewaters.
These processes can be divided into two groups: aerobic processes (using oxygen)
and anaerobic processes (occurring in the absence of oxygen). Anaerobic digestion
is often portrayed as simple, but in fact it is complex, being not one process but
encompasses a group of different interlinked anaerobic processes. Figure 1 below

gives examples of the different biological degradation processes:

Aerobic (with Oy) Anaerobic (without Oy)
Organic material: Organic material: Organic material: Organic material:
-Dead plant material -kitchen waste
-Dead animals -horticulture waste Natural environment Avrtificial environment
-Manure -Under water -Digester
Avrtificial environment -Inside intestines

Natural environment -Compost heap
-Forest soll

—» CO.and heat < ——» CH,and CO, <+

L—p humus <+— v v

Bog, manure digestate

Fig 1 Biological degradation processes — Aerobic versus Anaerobic

An important difference between the two types of processes is the formation of an
energy carrier, methane (CH,), as the end product of Anaerobic Digestion, and the
liberation of energy as heat in the Aerobic process. The heat produced in aerobic
reactions is very low quality (temp), but the methane produced in anaerobic digestion
is the same as the main component in natural gas and can be used as a fuel for
heating, electricity generation or for transport. This makes AD a very attractive
technology in situations were there are large volumes of bio-organic wastes being
produced.
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3.0 Introduction & background to Anaerobic Digestion

3.1 What is Anaerobic Digestion (AD)?

AD is the conversion of bio-organic non lingo-cellulosic (non-woody) material, the
feedstock (also known as the substrate), by micro-organisms in the absence of
oxygen into stable and commercially useful compounds (fig 2). The process is similar
composting except that composting is aerobic, involving oxygen in its breakdown of
organic matter and does not produce useful energy. AD feedstock is often unwanted
‘wastes’ (such as slurry) or deliberately produced energy crops (such as maize
silage) grown specifically for feeding the AD plant. The products from the digestion
process are:
Biogas. This is a mixture of about 60% Methane (CH,4), 40% Carbon Dioxide
(CO,) together with trace amounts of other ‘contaminant’ gases. This is then
combusted to generate electricity, heat or used as a road fuel.
Digestate (soil conditioner, organic fertiliser). This is an inert and sterile wet
product with valuable plant nutrients, such as ammonium compounds, and
organic humus. It can be separated into ‘liquor’ and fibre for application to
land or secondary processing.

Food Waste Digester
d .
?Srl'u!r';r \ Operating Temperature: Digestate Grey/Portable
Storage |— 37-40°c ] Storage 1 Water
Residence Time: 30-65 % Solids: 5-7%
days

| |/ 5 | E . Re-use in
Shredder I Bingas ~59% CH, I Organic Fertiliser process

" Return to Land
. . Combined Heat & Power
Gaseous Emissions {CHP) Plant
- €0y HO Electrical Efficiency: ~40%
- Trace NO, Hot Water @B5°c Use, sell, Offer
CO, 50; free
Heat Electricity Cooling

(Carbon Neutral Energy)

Fig 2 Anaerobic Digestion process
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3.2 Benefits of Anaerobic Digestion to different groups

The potential benefits of AD are multiple. They are listed here as benefits to farmers,
food processing and producers, the local community, Government and the

environment (fig 3):

(Fig 3) Beneficiaries of AD

Food Local )
Farmers . Government Environment
Processors Community

3.2.1 Farms: Disposal of sludge’s and slurries bringing a potential profit via the sale
of the biogas, its use as electricity/heat, available land nutrients from the use of the

digestate.

3.2.2 Food processors and producers: Benefit from food waste removal, cheaper
disposal options, good ‘green’ image, lower heat and power plants and lower waste

disposal costs.

3.2.3 Local community: Local disposal of wastes, local energy supply, local heat
supply (and associated benefits from ROC'’s, FIT's and potential future RHI’S),
potential to create sustainable AD management, maintenance & supply jobs in rural
communities, cleaner environment and increased self sufficiency through the

development of community energy companies.

3.2.4 Government: Helps meet the Landfill Directive reducing organic waste to
landfill. Contributes towards achieving the renewables targets encompassing
Renewable Obligation and Renewable Transport Fuel Obligation (RTFO). Starts to

address the fuel security issue. Decentralises electricity and heat provision.
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3.2.5 Environment: Reduced greenhouse gas emissions, increased use of ‘natural’

fertilisers, and diversion of waste from landfill or incineration.
3.3 How large is the AD industry in the UK

In the UK, AD is a small but growing sector of the fledgling renewable energy
industry. There are a few technology provider businesses that have been operating
within the UK for several years developing and managing AD plants, but the number
has doubled in the last 2 years, bringing German and other countries’ experience
and technologies with them. These new arrivals tend to be orientated towards larger
AD plants (500kW. and over).

3.4 AD potential in the UK

According to DEFRA, the potential benefits of anaerobic digestion are significant.

The UK produces over 100 million tonnes of organic material each year that could be

used in anaerobic digestion to produce biogas:

* 12-20 million tonnes of food waste (approximately half of which is municipal waste
collected by local authorities, the rest being hotel or food manufacturing waste);

* 90 million tonnes of agricultural material such as manure and slurry;

* 1.73 million tonnes of sewage sludge.

(http://lwww.defra.qgov.uk/environment/waste/ad/documents/implementation-

plan2010.pdf).
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3.5 AD development in the UK

There are two main categories of AD developing in the UK (fig 4):

On-Farm AD Commercial AD

Processing material generated on the - Processing external waste; including
farm only, i.e. manure, crops and crop domestic & commercial food waste, food
waste processing waste & possibly farm
Digestate can be spread on own land materials
Scale typically 100kW to 1MW - Digestate spread on additional land off-
Capital cost typically £500k to £2.5M site
Annual income typically £120k to - Scale typically 1MW to 2.5MW
£1.2M - Capital cost typically £5M to10M
Capital grant is a possibility, subject to - Annual income typically £2M to £4M
state aid - Capital grant unlikely, unless for
Planning is normally straightforward demonstration
Environmental permitting is - Planning likely to be long and
straightforward — no need for full challenging process
permitting, not handling waste - Environmental permitting will be stringent
Waste-handling licences not required - Waste-handling licences required
Likely to generate heat & power - May use biogas through CHP or direct
through CHP gas grid injection

- Ideally for local use - Higher cost of gas upgrading

- Electricity grid connection technology

may be necessary - Optimising use of outputs
- Heat may be wasted

Fig 4 Main categories of AD in the UK (source: BiogenGreenfinch)

3.6 Potential revenue from Anaerobic Digestion

Revenue from an AD plant will come from a variety of sources.
Sales of biogas (or a product arising from the processing such as electricity
Associated Renewable Obligation Certificates or Feed in Tariffs.
Heat from biogas combustion — displacing own use, or sale (and future
renewable heat incentive - RHI)

Digestate — sale or own use
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4.0 Anaerobic Digestion Technology

The concept of anaerobic digestion is fairly simple, put a load of organic matter into a
warmed airtight container and leave it for a few days. The microbes in the matter will
digest the (non-cellulosic) feedstock releasing methane (CH,4) and carbon dioxide
(CO,). However, it is more complex than that if the operator is to achieve an efficient

performance from the digester.

4.1 Chemical Process

There are 4 key biological and chemical stages of Anaerobic Digestion (fig 5):

1. Hydrolysis is the process that breaks down the long chain carbohydrates into
simpler soluble organic compounds (i.e. glycerol). This is the step in AD that
takes the longest therefore it determines the retention time to be held in the
digester vessel.

2. Acidogenesis (acid fermentation) bacteria then break the compound down
directly into acetic acid.

3. Acetogenesis If not broken down directly to acetic acid, it is first broken down
to propionic butyric acid and long chain volatile fatty acids.

4. Methanogenesis the hydrogen then binds with carbon molecules released

from the acid digestion to make methane.

Carbonic
Acids
&
F Fatty Alcohols Hydrogen Methane
ats Acids Acetic &
Acid Carbon
Hydrogen Cgrbgn Dioxide
Carbon Dioxide
) Dioxide
Proteins Amino Ammonia
rotel Acids
Hydrolysis Acidogenesis Acetogenesis Methanogenesis

Fig 5 Biological and chemical stages of Anaerobic Digestion
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The biogas product is primarily, 55-65%, Methane (CH,;) with the balance being
Carbon Dioxide (CO,) together with some minor gases such as hydrogen sulphide

(H2S) and ammonia (NH,4) and some moisture.
4.2 Types of Anaerobic Digestion

AD systems can be classified in several different ways:
By temperature: Mesophilic (25-45°C) or Thermophilic (50-60°C)
Wet (5-15% dry matter) or Dry system (over 15% Dry matter)
By procedure: continuous flow or batch system
By number of digesters: single, double or multiple

By layout: vertical tank or horizontal (plug flow)

The most suitable AD system will depend on the feedstock mix and the most
important output. Variables affecting which type of digester will be most suitable

include:
Variations of different feedstocks and volumes
Capital available
Existing infrastructure

Value of respective outputs (gate fees, electricity etc)
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5.0 Anaerobic Digestion Feedstocks

The most important initial issue when considering the application of anaerobic
digestion systems is the feedstock to the process. Digesters typically can accept any
biodegradable material, however if biogas production is the aim, the level of
putrescibility is the key factor in its successful application. The more putrescible the
material the higher the gas yields possible from the system.

The main sources for Anaerobic Digestion feedstock include: Industrial wastes and
wastewaters (which includes food waste) Sewage sludge, Farm waste, Energy
crops, Green waste and Animal By- Products (ABP) Waste.

5.1 Industrial wastes and wastewater

Organic industrial wastes include a wide range of waste materials from industrial and
commercial operations. These organic wastes, in solid or liquid form, may be a
suitable feedstock for AD.

Potential feedstocks from commercial waste source includes catering waste from
hotels, restaurants, food production facilities and supermarkets. These wastes
contain high moisture content, thus causing problems for incineration, but are
suitable for AD.

Figure 6 below is a list of examples of industrial waste that can be recycled in an AD

plant. This list is an indication only as different AD plants may take different wastes.

YES NO
Meat and fish Any household waste
Fruit and vegetable peelings Meat bones
Egg shells Plastic bags and food wrappings
Tea bags and coffee Cardboard or packaging
Left-over cooked food Tins
Stale bread Cans
Cereals Glass
Dairy products Pet waste
Biodegradable food packaging Soil or rubble

Fig 6 waste options
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The use of anaerobic digestion for the treatment of industrial wastewater is
increasing rapidly. Over 30 types of industries have been identified with having
wastewater amenable for anaerobic digestion, for example, in food and drink
preparation and processing organic chemicals, pharmaceuticals and fermentation

industries.

5.2 Sewage sludge

Sewage sludge from biological treatment plants is a highly active material which
quickly starts fermenting on anaerobic conditions. It is usually delivered in liquid form
at approximately 5% Total Solids or dried to 20-25% Total Solids. Anaerobic
digestion has become a standard for the treatment of sewage sludge because of its
low operational costs. It is also suitable to improve dewatering capability, rendering it
safe for land application and to obtain energy. Sewage sludge has long been treated

with AD and it is a well-established technology.

5.3 Farm waste

Installation of AD digester treatment at individual farm level dates from the early
1970s. Examples of farm waste feedstocks include: Slurries, farm yard manures,
vegetable wastes, silage, waste milk, grain (of poor quality and value elsewhere),
wastes from other primary processing that might take place on the farm such as
waste meal etc.

The advantages of AD for manure treatment include an odourless digestate that can
be spread on the land without odour nuisance. This digestate has also a significant
fertiliser value, so that it can be used for land spreading or injection into the soil.
Farmyard manure typically consists of manure mixed with bedding (straw, wood
shavings etc). The straw absorbs the manure resulting in dry matter contents ranging
from 10 to 30%.
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Chart 1 below lays out the potential yields for each of the main agricultural
feedstocks. Basic data available for expected yield varies by as much as 40% and

the table should be viewed as a guideline only.
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Chart 1 Agricultural feedstock potential (source: NNFCC)

5.4 Energy Crops

Energy crops are those grown for feedstock. Examples include maize and grass. In
order that they are available throughout the year, they are ensiled. However they
come at a cost having either to be purchased or grown on the farm. Their cost
includes not only their variable costs but also the overhead costs such as labour,
machinery, property and possibly rent and finance. Using home grown energy crops
could have considerable implications on the structure and layout of the farm
business, and the relative value of the crops would vary depending on the

opportunity cost of the land and other resources used to produce them.
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5.5 Green Waste

Green wastes are garden and park waste. This material may be sourced separated
at civic amenity sites, or produced through local authority or commercial horticultural
and grounds maintenance activities. Generally it needs to be shredded to give a
more homogeneous feedstock. It may contain woody lignin components which,
whilst not readily biodegradable, do not necessarily detract from the value of the

digestate produced.

5.6 Animal By-Products (ABP) Waste

This is the supply of animal by-products, either directly from animals such as abattoir
wastes or discarded food, with a chance it could contain meat, such as out of date
food or catering waste. This however has to comply with the Animal By-Product

Regulations before it can be digested.
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6.0 Potential of Biogas

6.1 Anaerobic Digestion biogas utilisation

The biogas produced from an AD process can potentially be used in many
applications, including electricity generation in Combined Heat and Power (CHP); for
fuelling heaters for raising the temperature of the vessel digester; for building and
other process heating; for transport; for injection into the grid. Each application will

require the quality of the biogas to be raised by different degrees.

6.2 Electricity Production

Electricity production using a generator is viable but equally efficient is heat and
electricity generation using Combined Heat and Power (CHP) generator and is
relatively straightforward. Anaerobic Digestion requiring both makes heat and

electricity generation logical.

6.3 Heat (by combustion)

The heat generated from CHP can usefully be captured using a heat exchanger to
use on heating in the AD process, and also buildings and other processes which
requires heat. A relatively small plant is likely to generate more than most individuals
would require. The utilisation of heat from an AD plant will become more
advantageous when the Renewable Heat Incentive comes into force in 2011.

6.4 Road Fuel

There is currently a small market for compressed gas as a road fuel. The Renewable
Transport Fuel Obligation (RTFO) includes biogas for road fuel, however to date
there are minimal real opportunities yet except for enthusiasts (appendix 1).

6.5 Mains gas or compressed gas

This is happening in Germany where two plants are digesting 30,000 tonnes and
80,000 tonnes of silage to produce approaching 4 million and about 8 million cubic
meters of cleaned methane gas respectively. Again in the UK, the forthcoming

Date: 14/02/2011 Page 30 of 95



Anaerobic Energy Ltd
Confidential

No: NYMNPOO1 anaeropicenergy

Renewable Heat Incentive might make this as financially viable as electricity

generation.

All the above are currently being carried out throughout Europe and Asia. In the UK
some options are more practical than others. Electricity and heat generation is

considered as the most likely and popular use for biogas.

Date: 14/02/2011 Page 31 of 95



Anaerobic Energy Ltd
Confidential

No: NYMNPOO1 anaeropicenergy

7.0 Digestate from Anaerobic Digestion

7.1 Benefits of Digestate

Digestate from Anaerobic Digestion is a valuable source of major plant nutrients (e.g.
nitrogen, phosphate, potash etc.) and stable organic matter. The regular use of
digestate can improve the workability and drainage of heavy soils, and thereby
reduce the risks of soil compaction, which can be a major constraint to plant growth.
Also digestate can potentially improve the nutrient retention and water holding
capacity of light soils, reducing droughtiness in periods of prolonged dry weather and
soil erosion risk. On all soil types, it improves soil biological activity and increases

fertility.
7.2 Nutrients in digestate

The total plant nutrient content of digestate is approximately the same as the pre-
digestion feedstock, since the major plant nutrients (N, P2Os, KO, MgO and S) are
normally conserved during the digestion process. The composition however will vary
according to the proportion of various feedstock types in the pre digestion material.
For example, blood has a higher total N content (>15kg/m?®) than dairy cow slurry (c.

4kg/m® undiluted). Table 1 below presents typical ranges of nutrient contents for

digestate.

Total-N NH4-N NH,-N/N P,Os K,O DM
Kg/m3 Kg/m3 % total Kg/m3 Kg/m3 %
4.5-6.5 2.5-5.0 55-75 15-35 2.5-55 5.5-8.5

Feedstock

Holsworthy (England) — feedstock by volume 57% dairy cow slurry, 19% blood, 11% food waste, 8%
chicken manure, 5% other non-farm waste. Results related to May 2004.

Ribe — 1992-96 (Denmark) — feedstock (1992) by volume 84% from 71 farms (56 dairy, 7 pig, 3
mixed, 5 mink or poultry), 16% from industry (mostly from an abattoir)

Cattle slurry and pig slurry Denmark

Sources: Holsworthy — O’Sullivan, C.M. and Cumby, T.R. (2004).
Ribe — Holm-Nielsen et al, (1997)

Table 1 Digestate analysis from various European AD plants
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7.3 Environmental odour effects of using digestate as a fertiliser

Animal manures and many organic wastes contain volatile organic compounds (e.g.
iso-butonic acid, butonic acid, iso-valeric acid and valeric acid, along with at least 80
other compounds) that can produce unpleasant odours. It has been shown that
digestion significantly reduced concentrations of many of these compounds, such
that their potential for giving rise to offensive and lingering odours during storage and
spreading was significantly reduced (Figure 7). Thereafter, the use of appropriate
spreading methods can prevent the release of any residual odour. For example,
injection of digestate (or slurry) into the soil largely eliminates odour and loss of
ammonia. It is important, however, to minimise the disturbance of the digestate
during its transfer from the storage tank to the spreaders, as this can result in a

release of odour.
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[ Untreated slurry
[] Digested slurmy
GO0

400
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|sp-butanoic acid Butanoic acid Iso-valenic acid Valeric acid

Fig 7 comparison of untreated slurry versus digestate slurry (Sources: IEA Bioenergy )

[Note: 1mg per litre = 1ppm = 0.0001%)]

7.4 Utilisation of Digestate as fertilisers
When growing either maize or grass, the digestate from the AD process can be

recycled back on to the land, providing further soil reserves of nitrogen, phosphorus

and potassium (NKP), thereby creating a virtuous circle (Fig 8).
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Fig 8 AD virtuous circle (source: AEL)

7.5 Digestate and Nitrate Vulnerable Zones (NVZs)

NVZs were originally designated in 1996, but only covered a small area of England.
These areas were reviewed and extended in 2002, and then again by the 2008
Regulations.

All land in England that drains into polluted water, and that contributes to the
pollution of the water, has been designated as a Nitrate Vulnerable Zone (NVZ).

A water has been identified as polluted if:

* It is freshwater (i.e. either a groundwater or surface freshwater) and contains a
concentration of nitrate greater than 50 mg/l, or could do if preventative action is not
taken, or

* It is eutrophic or may in the near future become eutrophic if preventative action is

not taken.

A map of the areas in England included within an NVZ is provided in fig 9 below:
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The rules apply within the existing NVZs from 1 January 2009, and within the new
NVZs from 1 January 2010.

7.6 Nitrogen fertilisers

The NVZ rules affect the management of nitrogen fertiliser on farms. Nitrogen

fertiliser includes all materials applied to land that contain nitrogen compounds. It

includes manufactured nitrogen fertiliser, and all types of organic manure, including

livestock manure (Fig 10)

Nitrogen
fertiliser

Manufactured

nitrogen fertiliser

Livestock manure

Other organic

materiaks

1
Cther solid/straw-

Other nitrogen
containing materials
e g. dredgings, waste

S0l

‘ Slurry ‘ ‘ Poultry manure B
e. g. farmyard manure
5 Solid Liguid
‘ SRR ‘ Poultry litter e. g. sludge ke e. 0. liguid digested
compost shudge abattoir waste
Solid manures

Fig 10 nitrogen fertiliser (Source: DEFRA, October 2008)
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Use in agriculture of fertilisers and of soil conditioners with a high available nitrogen
content is likely to be affected by the extent of restrictions on the use of nitrogen in
Nitrate Vulnerable Zones (NVZs) and associated good practice guidance. These
restrictions are increasing. On the other hand, use will be encouraged by
government policies for maintaining soil organic matter on agricultural land.
Therefore with the nutrients in digestate being considerably more bioavailable than in
raw slurry, meaning it is easier for plants to make use of the nutrients. This can be
particularly valuable for land within Nitrate Vulnerable Zones (NVZ) where
applications of organic nitrogen are restricted.

7.7 BSI PAS 100 and the Quality Protocol for Compost Certification

In 2002 the British Standards Institution published a specification for compost
materials in the UK. The standard is known as BSI PAS 100 and specifies threshold
application standards to ensure certain levels of contamination — for example heavy
metals like zinc or plastic and glass — are not present. The PAS standard covers the
whole process from input materials, production methods, quality control and lab
testing and is only applicable for biodegradable materials that have not been kept
with non-biodegradable materials.

The Environment Agency formally recognised the standard in May 2007. If the waste
produce from an AD operation meets the BSI PAS 100 standard then the ‘waste’ can
be called a ‘product’. Any materials that do not comply with the standard will still be
deemed waste and therefore subject to Environmental Permitting regulations.
Digestate would only be able to meet this standard if it was from source-segregated
waste and had gone through a further composting stage.

Regulation of the standard is carried out by the Composting Association which

provides third-party assessment and agreement involving annual inspections.
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7.8 BSI PAS 110 and the Quality Protocol for Digestate Certification

Concern was raised by industry that legislation was hampering the growth of the AD
sector as suitable markets or disposal routes for digestion were not adequately
catered for. This, coupled with confusion over whether digestate could be
reclassified as a fertiliser, has lead to the development of PAS110, a quality standard
for the production of a digestate fertiliser, and the Quality Digestate Protocol which
defines the parameters where the digestate product of AD can be reclassified as a
non waste product. These standards came into force in 2010.

PAS110 is a specification for whole digestate, separated liquor and separated fibre
derived from the AD of source-segregated biodegradable waste. PAS110 was
developed to specifically address a quality standard for digestate production from AD
facilities. It follows a digestate production sequence, detailing specific requirements
for the input materials, processing, process management controls and monitoring,
then digestate sampling, testing, validation checks and information for end users.
PAS110 also places requirements upon the producer to undertake Hazard Analysis
and Critical Point Analysis (HACCP) planning and to implement and maintain an
effective digestate Quality Management System (QMS).

Producers and users are not obliged to comply with the Quality Protocol. If they do
not, the outputs from AD will be considered to be waste and waste management
controls will apply to their handling, transport and application.

Until the new standard is released, an AD facility which is not managing digestate
under an existing Environmental Permit may be able to spread digestate to land by
complying with the Environment Agency’s regulatory position.
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8.0 Existing legislation affecting AD
8.1 Introduction

Inputs and outputs of the AD process are subject to a series of legislation and
licensing restrictions. The regulations detailed in this section cover the environmental
aspects and associated legislation of generating biomethane from organic waste,

plus gas quality standards.

8.2 Regulatory framework

The main regulating body for AD is the Environment Agency (EA) whose remit
covers the regulation of waste management activities including the transport,
treatment and disposal of wastes. This waste management legislation is the primary
regulatory framework dealing with AD sites as they are generally viewed as waste
treatment sites dealing with municipal, commercial or agricultural waste (see
appendix 2 Anaerobic Digestion and Environmental Permitting and appendix 3
Anaerobic Digestion of agricultural manure and slurry).

The elements of regulation that cover each aspect of the AD process from waste
collection through to final disposal of the digestate are highlighted below (fig 11). The
main licensing aspects are:

» Waste carrier licensing — which applies to any vehicles that are transporting waste

» Environmental permitting — this will apply to the site as a waste processing plant

» Animal by-product regulations — regulations that need to be met for any site treating
waste materials from animals

» Land spreading regulations — covering the disposal of waste material to land, and
will be sanctioned through the environmental permitting system
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Fig 11 Regulation of AD processes

Each of these regulatory aspects is discussed below.

8.2.1 Waste carrier licensing and Duty of Care

The Duty of Care applies to anyone who is the holder of controlled waste. Persons
concerned with controlled waste must ensure that the waste is managed properly,
recovered or disposed of safely, does not cause harm to human health or pollution of
the environment and is only transferred to someone who is authorised to receive it.
The duty applies to any person, who produces, imports, carries, keeps, treats or

disposes of controlled waste or acts as a broker has control of such waste.

8.2.2 Environmental Permitting

The Environmental Permitting (EP) regulations came into force on the 6th April 2008
and were introduced to consolidate the numerous licences, permits and waste
compliance regulations under one umbrella permitting system. The EP regulations
unified the Waste Management Licensing and Pollution Prevention and Control
regimes.

There are three types of Environmental Permit that the Environment Agency or local
authority can issue:

 Standard permits

» Bespoke permits

» Consolidated permits
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Standard permits are available for activities that have a relatively low environmental
risk. They contain a set of standard rules to which the plant operator must comply.
Low to medium risk waste facilities may be issued with a standard permit.

Bespoke permits are required for larger complex facilities where a standard permit is
not suitable. This means that the Environment Agency or local council will set
specific conditions for a specific facility. Operators with more than one facility, and
hence numerous Environmental Permits, can apply for one consolidated permit. It is
anticipated that a new AD facility in the East Midlands will require a bespoke permit
to operate.

8.2.3 Animal By-Products Regulations
The Animal By-Products Regulations came into force in 2003 and were amended on
1% May 2005. They deal with the disposal of all parts of a slaughtered animal not
directly consumed by humans. Any premises that receive, handle, use, treat or
destroy animal by-products must be approved under the Animal By-Products (ABP)
Regulations.
Local authorities (usually trading standards) are responsible for the enforcement of
ABP Regulations in England, except in licensed slaughterhouses, cutting plants and
cold stores, where the Meat Hygiene Service is responsible for enforcement. The
Secretary of State, through the State Veterinary Service (SVS), also has the powers
to enforce where necessary.
The Regulation classifies animal by-products into three categories based on their
potential risk to animals, the public or to the environment, and sets out how each
category must be disposed of.
Category 1 contains those materials with the highest risk for public health, animals,
or the environment (hygienic risk, risk of BSE, etc.). These products can not be
digested in an AD facility.

Animals/materials suspected of being infected by Transmissible Spongiorm

Encephalopathys

Animals which have been experimented on

Carcasses of zoo and pet animals

Specified risk material (SRM)
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Category 2
Diseased animals
Manure or animal by-products that could be contaminated by disease
Manure and digestive tract content
Animals that die on farms and do not contain SRM

Animals that die other, than being slaughtered for human consumption

Category3 comprises those animal by-products which would be fit for human
consumption, but are (for commercial reasons) not intended for human consumption.
Raw meat and fish from food manufacturers and retailers
Catering waste
Eggs and other by-products that do not show signs of transmissible disease
Raw milk
Fish and other marine species
Shell

Blood unless from animals showing signs of communicable disease

Any AD facility must comply with these regulations when digesting the meat content
of ready meals, snack and convenience, sandwiches, dairy, eggs, feathers, blood
and offal. These animal by products fall under category three which would require
the substrates to undergo hygienisation treatment of 1 hour at 70°C with a maximum
particle size of 12mm.

8.2.4 Sewage & sewage sludge regulation
In the area of sewage and sewage sludge, several regulations are relevant.
Sewage

Treatment of sewage is regulated in the Urban Waste Water Treatment Regulations,

which is different for England and Wales and Scotland.
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Sewage sludge

Use of sewage sludge is a highly regulated process. The use of sewage sludge on
agricultural land has to fit the Sludge (use in agriculture) Regulations and in the

Code of Practice for Agricultural Use of Sewage Sludge.
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9.0 Government incentives to encourage AD
9.1 Renewable Obligation Certificates (ROC)

The Renewable Obligation order was introduced in 2002, and the Renewables
Obligation (RO) is the main support scheme for renewable electricity projects in the
UK. A ROC is a green certificate issued to an accredited generator for eligible
renewable electricity generated within the United Kingdom and supplied to
customers within the UK by a licensed electricity supplier.

Electricity suppliers meet their obligations by presenting sufficient Renewables
Obligation Certificates (ROCs), and where suppliers do not have sufficient ROCs to
meet their obligations; they must pay an equivalent amount into a fund, the proceeds
of which are paid back on a pro-rated basis to those suppliers that have presented
ROCs.

Total obligation levels are announced each year, and the value of a ROC is adjusted
annually in line with Retail Price Index, announced in February. In 2008/09 it was
£35.76/MWh, and 2009/10 is £37.19/MWh (3.7196p/kWh).

The Government intends that suppliers will be subject to a renewable obligation until
31 March 2027.

Anaerobic Digestion is among the technologies that receive additional support in the
form of multiple ROCs and can receive 2 ROCs/MWh.

9.2 What is a ROC?

The ROC is an electronic certificate and can be administered through the

‘Renewables and CHP Register’ (https://www.renewablesandchp.ofgem.gov.uk/). As

such the ROCs are distributed by email although paper printed arrangements can be
made if email access is not possible.
ROCs are sold on an open market and the price fluctuates according to demand.

Representative prices can be gauged from published market figures (table 2).
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Auction Date Average ROC price

22 December 2010 £48.34

25 November 2010 £48.12

27 October 2010 £46.92

28 September 2010 £45.49

24 June 2010 £49.16
25 March 2010 £49.24
19 January 2010 £46.25

Table 2 Average auction prices of ROCs 2010 (source: Non-Fossil Purchasing Authority Ltd)

9.3 Further information on ROC'’s

Small generators with a query about applying for ROCs can contact Peter Collins on
Peter.Collins@ofgem.gov.uk or telephone 0207 901 7275.

See ofgem website:

http://lwww.ofgem.qgov.uk/sustainability/environment/renewablobl/pages/renewablobl.

aspx
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9.4 Feed in Tariffs (FIT)

The Feed in Tariff scheme (FITs) is a new environmental programme introduced by
the Government to promote widespread uptake of a range of small-scale renewable

and low carbon electricity generation technologies.

Launched on 1 April 2010

Fixed tariff payable for renewable electricity generated, whether used on-site
or exported to grid

Supports micro-generation to utility scale (<5MWe)

Technologies supported: Solar PV, Wind, Hydro, MicroCHP (pilot) and
Anaerobic Digestion - but NOT other biomass

Support guaranteed for up to 25 years (depending on technology)

FIT support: ‘Generation’ tariff and ‘Export’ tariff

Tariff payments linked to RPI

Rate of return set at between 5 and 8%

The scheme will require Licensed Electricity Suppliers (FIT Licensees) to pay a
generation tariff to small-scale low-carbon generators for electricity generated
(whether or not such electricity is exported to the national grid) and an export tariff to
them where such electricity is also exported to the national grid. It is intended that
FITs will open up low-carbon electricity generation beyond the traditional energy
companies by making it more cost effective for communities and householders to
buy the units. The scheme is applicable to a number of technologies up to a

maximum capacity of 5SMWe.
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9.4.1 FIT generation tariffs for Anaerobic Digestion

Technology Scale Tariff level for new installations in period Tariff lifetime

(p/kWh) (NB tariffs will be inflated annually)

(years)
2010-2011 2011-2012 2012-2013

Anaerobic 500kW 11.5 11.5 11.5 20
Digestion
Anaerobic >500Kw 9.0 9.0 9.0 20
Digestion (‘farm’ scale)
Existing 9.0 9.0 9.0 To 2027
microgenerators
transferred from
RO

Suppliers exporting power to the national grid can choose to receive a fixed price for their electricity of
3p per kWh (“export tariff”) or to opt out and receive the market price for their electricity (variable), on

top of the standard FIT support — decision is reversible

Table 3 FIT generation tariffs for Anaerobic Digestion

9.4.2 FIT scheme registration and payment process

All installations that are eligible and are between 50kW,. and 5MW, in capacity (and

anaerobic digestion units of any size up to 5MW), will need to apply to Ofgem for

accreditation through Ofgems Renewable and CHP Register. Upon completion of

this process, applicants will need to contact a supplier with the accreditation details

(fig 12).

Customer installs
generation plant

Generating plant
installed using
MCS installer
OR accredited

via Ofgem

EST & Carbon Trust

provides
independent advice

Supplier adds
generator to
Central Register

A
Customer registers

with supplier
for FITs

Ofgem spreads costs
across suppliers
via levelisation

A

Supplier make

payments to
customer

Customer
provides meter
readings to
Supplier

-3

Ofgem monitors
supplier compliance

Fig12 FIT registration and payment process (Source: Ofgem —Introducing the FIT Scheme)
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9.4.3 How to apply for the scheme

The first step in applying for the scheme is to check whether the renewable
installation is eligible. Eligible units that were installed on, or after 15" July 2009
within Great Britain will be able to directly apply for accreditation under FITs.
Microgenerators who have been participating in the previously mentioned
Renewables Obligation are able to transfer to the FIT scheme if they wish. Figure 13
below shows the overview of the FITs scheme that are eligible as of April 1 2010.

e e —

Photovoltaic Wind M'-”—"'\-"!! Hydro -I"'.!.'|E|:-r:.|tl|{ Orther e N:l.t eligible
{less than Zow) Digestion for FTs
Is the installation F Is the installation
above SMW total ———* &3 gk e Ye5s #1 abowe SMW total
installed capacity? o installed capacity?
No T
Eligible to apply for FITs
is the total through Ofgem’s
installation capacity — s ed | 2ccreditation process Mo #2— |
betwesn SOkW via the Renewable and
and SMAN? CHF register
No

Eligible to apply for FiTs
) : through MCS Certified
Is the installation

) — & fosg registration proces
MCS compliant? viaa FIT supplier
\—; Nao Not eligible
for ATs

Fig13 Overview of FITs scheme (Source: Ofgem —Introducing the FIT Scheme)
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9.4.4 FIT practical example (for PV)

Although based on a PV installation the lllustration below (fig 14) shows the potential

electricity flows for an on-site generator with respect to FITs.

Total FIT support
A
/ ' \ Generation + Export

G (@ 41.3p/kWh)
2,000kWh

= £826 (2,000 x 41.3) + £30
(1,000 x 3) = £856

0 U
1,000kWh 4500kWh

<dkW PV P
Generatingunit ————— |/

Additional benefit from on-site
use of £130 (assumes import
price of 13p kwh)

E (@3p/kWh) | (@13p/kWh)
1,000kWh 3,500kWh

Fig 14 Source: FITs - Government Response to the summer 2009 Consultation (DECC, 2010)

9.5 Renewable Heat Incentive (RHI)

Planned to be operational in April 2011

Supports heating at all scales (i.e. domestic to industry)

Technologies: Ground and Air source heat pumps, Solar thermal, Biomass,
Anaerobic Digestion and Biomethane injection into the grid

Tariffs based on ‘deeming’ or ‘metering’

Rate of return set at 12% (6% for solar thermal)
Support guaranteed for between 10 and 23 years (depending on technology)
Tariff payments linked to RPI

Incentive to be funded by suppliers of fossil fuel for heat
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9.5.1 Deeming & Metering

Deeming is a method by which a dwelling® heat requirement is estimated.
Instead of metering the amount of heat produced by a domestic renewable
heat installation, the hot water and space heating needs are estimated using
BREDEM (the Building Research Establishment Domestic Energy Model)
Only applicable for small and medium scales installations. Small scale
installation, such as in a home: each installation® entitlement is calculated by
multiplying the payment per kWh by the number of kWhs per year that the
property is ‘deemed’ to require, to cover its space heating and hot water

needs

Medium scale installation: the same ‘deeming’ approach applies, except that
solid biomass installations have the option of metering the heat they produce,;
if the meter shows a higher usage than the deemed amount, the extra will be
paid for at a lower rate.

Assessment provided by MCS installers

Metering Large scale installations, process heat, biomethane injection and
district heating: the payment is always made on the basis of the metered heat

used.

9.5.2 Proposed tariffs for ‘small, medium and large’ installations and Biomethane
injection
Small installations
Technology Scale Proposed tariff Deemed or Tariff lifetime
(p per kWh) Metered (years)
Solid Biomass Up to 45kW 9 Deemed 15
Bioliquids Up to 45kW 6.5 Deemed 15
Biogas on-site combustion Up to 45kW 5.5 Deemed 10
Medium installations
Technology Scale Proposed tariff Deemed or Tariff lifetime
(p per kWh) Metered (years)
Solid Biomass 45-500kW 6.5 Deemed 15
2 (fuel tariff) Opt for 15
metered tariff
Biogas on-site combustion 45-500kW 5.5 Deemed 10
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Large installations

Technology Scale Proposed tariff Deemed or Tariff lifetime
(p per kwh) Metered (years)
Solid Biomass >500kW 1.6-2.5 Metered 15

(either dedicated heat or

CHP heat output)

Note: range for solid biomass reflects support level for heat output from CHP under RO and support for

dedicated heat plants.

Biomethane injection

Technology Scale Proposed tariff Deemed or Tariff lifetime
(p per kWh) Metered (years)
Biomethane injection All scales 4 Metered 15

Note: Biomethane injection calculated to be on parity basis with the FIT.

Table 4 proposed RHI tariffs for small, medium, large installations and biomethane injection (Source: Renewable

Technologies)
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10.0 AD plant Business Models

The type of business model is determined by the possible market and the resources

of the developer.

10.1 Single developer

The landowner starts a limited company that leases the land and funds the digester
from a combination of grants, loans and private equity. Feedstocks are produced on
the farm. By applying for a waste permit he can also receive wastes from off the
farm. He sells electricity through connection to the local network supplier (i.e. NEDL).
He can sell directly to a registered energy supply company or enter into a contract
with a power purchase broker who makes these arrangements for him and
negotiates power purchase agreements on his behalf and claim the ROCs, FITs etc.
Grid connection may be a significant cost depending on a number of factors, for

example distance from the grid connect to the plant.

10.2 Joint venture

A group of farmers and other stakeholders form a company that leases or buys the
land and funds the digester. The company enters into a series of contracts with the
stakeholder to supply feedstock, recycle digestate or purchase heat and power.
Each individual has shares in the company and receives income whilst paying for the
services that the digester provides. This also enables other sources of feedstock to
be treated by the facility in return for additional income. The sale of the electricity can
be to individuals usually stakeholders.

The joint venture may also operate as an energy supply company (EsCo) or special
purpose vehicle (SPV) supplying heat and electricity to individual businesses or
other community householders. The energy is metered to each user and the
company is responsible for the supply and billing of individuals. In order to be eligible

for ROCs the company must be registered as a supplier.
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10.3 Site lease to independent developer

The farmer leases the site to a separate technology developer. He receives income
from site rental and has a contract to grow and supply feedstock to the developer.
This may require an additional access road to be cut through to the site of the AD
unit to avoid mixing of farm and road traffic. Whilst this will be part of the
development cost, there may be issues of site location and crossing the road that

may affect livestock gathering and fieldwork operations.

Date: 14/02/2011 Page 52 of 95



Anaerobic Energy Ltd
Confidential B
No: NYMNPOOL anaerobicenergy

11.0 North York Moors National Park
11.1 Background and about North York Moors National Park

The North York Moors (also known as the North Yorkshire Moors) is a national park
in North Yorkshire. The moors are one of the largest expanses of heather moorland
in the United Kingdom. It covers an area of 1,436 kmz2 (554 square miles), and it has
a population of about 26,000 (fig 15). The North York Moors became a National Park
in 1952, through the National Parks and Access to the Countryside Act of 1949.

The 1995 Environment Act revised these purposes to the following:

1% to conserve and enhance the natural beauty, wildlife and cultural heritage
of the National Park.

2" to promote opportunities for the understanding and enjoyment of the
special qualities of the park by the public.

The area measures a maximum width of 37 miles (61 km) east -west (Knayton to

Scalby) and a maximum length of 40 miles (66 km) north-south (Saltburn to
Howsham).

Date: 14/02/2011 Page 53 of 95



Anaerobic Energy Ltd
Confidential
No: NYMNPOO1

N\
X
\_/:l

anaerobicenergy

y

Mational Park boundany
SUMDERLAND
Dwaigrated Aman ol
SEAHAM Outstanding Matural Beawly
]
Flars ooougy
Heaana
@ PETERLEE &_—} Heritage: Coast
HARTLEPOOL

-

*

g 0"
::._'-yu‘iamuau

| -
gy B

R
o J*"n..-rumfsaﬂam!i E =
H:nTi!r.:.:"' prad W] 4 bk

Boundary of Mok Yarkshie

Other County ar
Unitany Sulhonity boundary

= _@_ oce Halicnal Cycla Roule
ard roule nurmbsar

= _@_ - Fegional Cyclo Roule
and raute numbear

- NHi{lﬂ-BlT"‘&i ._

i

NORTH SEA

M pns] Tt
gl Comrw

1 T L r fF
Prrigery il k. B W Raiinscar
Elﬂ -'-I" s o : HEIIHTH YORK MOORS e 1
‘ I+ \ ‘worrw rorxsime . — @ \ L Mo
NORTHALLERTONS™ o, ° st s ; m?,;‘] varkshis |
i m:?' r % 3 f o Cll:ar-alﬂr.l-:l'
i b 4 .‘.._: ] ) :EI Nult Pk . I"'-
i m ':"‘. | i .;-}'lﬁ.r-:nil Wy Nadway 7
A 'IIEE Danccnse bak SCARBOROUGH ~¥'g,
- 1 11.* ) PICHERING -, .
g ‘l- ! H'h'.‘ll! : ®a
e Thirsh "l,t - Ff23) [y Ty R 9] W
mn f P FILEY
H'}: :ﬂﬂlrh' Mnel - rﬁmmmuﬂn
b Al > = Hegelland
; 57 [ I Howardian ] - -
FSC T Hills
| Beraughbridge :-{:I
o r
@7
ﬁ
X i
{ Heaim o
gt B . DRIFFIELD -~ Gan
o EAST RIOING b
% ® OF FORESMITE o e o
i § '] .
pliil Sox popHUNGTON  f
i L s I HORNSEA

Fig 15 North York Moors National Park and surrounding area
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The area is bordered by the major urban centres of Middlesbrough and Redcar in the
North, York in the south west and Scarborough in the east. The North Sea borders
the north eastern and eastern boundaries forming the Cleveland and North Yorkshire
Heritage Coast. The A19 corridor forms the most western boundary. In the south the
River Derwent forms the natural boundary.

There are no towns in the National Park, these residents live in the 90 villages in the
numerous hamlets or on the many farms scattered throughout the area. Many of the
villages are small and over half have less than 250 people living in them.

Villages population (approx) Larger towns just outside the park (approx)
Helmsley 3,240 Whitby 13,600

Staithes 1,100 Pickering 7,160

Ravenscar 1,000

Osmotherley 750

Castleton 500

Goathland 450

Grosmont 350

Danby 320

Botton Village 280

(Source: NYMNP)

There are 58 Sites of Special Scientific Interest (SSSIs) in the North York Moors
National Park.

The majority of waste generated within the Park is disposed of in landfill sites outside
the Park boundary. Increasingly efforts are being made to manage waste in more
environmentally friendly ways, such as recycling. The introduction of kerbside
recycling throughout a number of locations in the Park as well as local recycling
facilities such as bottle or paper banks represent an important step towards a more

sustainable pattern of waste management.

The park also recognises the importance of reducing carbon emissions and
supporting renewable energy developments which are appropriate to the North York
Moors National Park and do not detract from delivering the statutory National Park
purposes. As part of its commitment to this the Authority is co-ordinating a

Community Renewable Energy Project which seeks to develop community based
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renewable schemes in the Park and is also supporting renewable energy schemes
through its Sustainable Development Fund (Renewable Energy Supplementary

Planning Document - April 2010).

11.2 Sustainable development and Energy
The park itself is very proactive when it comes to sustainable development and
energy, one project the Community Renewable Energy Project shows the parks

commitment to these important areas.

11.3 Community Renewable Energy Project

As part of the Sustainable Development Commissions Dcarb-uk (Framework

for Area-based Carbon Emissions Reduction, Sustainable Development
Commission) initiative to reduce Carbon Dioxide emissions, a Community
Renewable Energy (CRE) project was launched in North York Moors National Park
in June 2004. The aim of this project was to facilitate the development of community-
based energy projects within four communities namely Danby Parish (Upper Esk),
Appleton-le-Moors and Spaunton, Staithes and Botton Village.

The Projects

11.3.1 Danby Parish

The Upper Esk Community Energy Group includes local residents from Danby
Parish and Botton Village.

11.3.2 Appleton le Moors and Spaunton

To investigate and select one or more community projects in energy conservation
and renewable energy appropriate to the populations and resources of Spaunton

and Appleton le Moors.
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Scope

Investigate the technical and economic bases of the various renewable
energy sources.

Compare the cost, timescale and deliverables of the approaches.
Define and prioritise implementation projects.

Obtain funding for detailed design studies on selected projects.

11.3.3 Botton

Botton are already using heat recovery systems, solar hot water and biomass
heating systems and have produced an Energy Policy. The group have also installed

a ground source heat pump.

11.3.4 Intelligent Energy Europe (IEE), Sunflower Project

The Community Renewable Energy Project is a partner of the Intelligent Energy
Europe, Sunflower Project. This project is a European network of eight partners. The
aim to promote, disseminate and implement good practice examples of Renewable
Energy Sources and their contribution to local sustainable development. Increase the
ratio of popular involvement in the project therefore start a long and durable

Community Energy Vision inline with European energy climate targets.
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12.0 Anaerobic Digestion opportunities within North York
Moors National Park

The following sections discuss AD opportunities within agriculture, food waste, food
processing and other potential opportunities, however these also need to be aligned
with the parks 2010 Renewable Energy Supplementary Planning Document and in
particular section 5 ‘Appropriate Renewable Energy development in the North York

Moors National Park, Energy from Waste (appendix 4).

12.1 Agricultural opportunities

Within the national park farming is the biggest land use and there are about 1300
farms altogether and arable and pastoral farming covers about 40% of the National
Park, approximately 600 square kilometers.

Rough grazing is on the higher moorlands, mixed, predominantly pastoral farming in

the dales with arable on the lower southern areas of the Moors.
Arable farms grow crops such as wheat, barley, oats and potatoes.

Pastoral farms grow fields of grass and keep livestock such as cattle and sheep.

Mixed farms grow crops and keep livestock.

12.1.1 Opportunities for Sewage sludge and Farm sludge use in Anaerobic Digestion

Through Anaerobic Digestion sewage sludge and Farm sludge can become energy
providers rather than energy users. Opportunities therefore exist for both pastoral
farms and mixed farms to utilise their farm waste within an AD facility rather than
having any associated disposal costs. Equally water treatment companies have for
many years utilised AD to treat and process their sewage sludge, therefore
opportunities exist to both sewage and farm sludge.
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12.1.2 Opportunities for growing Energy crops for Anaerobic Digestion
As already stated energy crops are those grown as a feedstock for AD and for the

north east region include maize, grass, sugar beet, wheat/oats etc.

For the purposes of this report two types of potential Energy crops were selected for
consideration for use as a feedstock for an AD plant based upon the types of crops
to grow within the northern region. Advantages and disadvantages for the use of

maize or grass as feedstock are detailed below:

Maize

Advantages
Very large yields up to 40 tons per hectare.

1) High starch content.

2) High percentage of Dry Matter (DM).

3) Efficient utilisation of nitrogen.

4) Less land required for a 1 megawatt (MW) installation (250-375 ha).

Disadvantages

1) Starter fertilisers are needed for establishment and the seed should be drilled
into a 7.5cm seed bed incorporating 25 tons/hectare of farm yard
manure/slurry.

2) High inputs of Potassium required (230-270kg/ha)

3) High machinery and input costs. Maize is an annual, so land must be
ploughed, tilled, re-sown, fertilised and sprayed every year.

4) Maize does not like wet soils or frost pockets. In addition, it is harvested later
in the autumn, a factor that can lead to a difficult harvest in wet areas.

5) Maize should not be grown in exposed areas over 400ft.
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Grass

Advantages

A perennial plant, with an expected life expectancy of between 4-5 years. ‘AberDart’

and ‘AberMagic’ high sugar, high yielding varieties also have high digestibility.

1) Can be sown with white clover, which will fix free nitrogen in the soil.

2) After the silage season, the land can be grazed for the remainder of the
growing period, reducing rental cost and with the resultant dung providing
further nitrogen and major nutrients for the following year.

3) Permanent ground cover after sowing, preventing winter soil erosion and

nitrate/phosphate run-off.

Disadvantages

1) Lower annual yields (10-15 tonnes/hectare) so more land is required to
provide sufficient feedstock for a 1 MW, installation (1000-1500 ha).

2) Higher mowing machinery costs for more than 1 cut of silage.

3) Land hitherto ‘chemically’ farmed is unlikely to perform well initially in a low

nitrogen environment.

12.1.3 Other Considerations

12.1.3.1 Energy Crop as a feedstock

Typically maize/grass silage is used in combination with slurry in an AD plant. This
combination ratio is not fixed and depends on the type of AD system chosen and
availability of slurry and farmyard manure.

Typical conventional AD systems use a 6 -12 % dry matter feed within the digester.
As mentioned above, feed ratio of crop/ slurry can vary as long as the dry matter
content within the digester is maintained. This can be done with the addition of
slurry or where sufficient slurry is not available, recycling of spent digestate water
back to the digester.
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Dry AD systems have been developed that work with as received maize/grass silage
and also woody wastes. Most of these systems operate in batch compartments, with
a number of batch compartments working in series to provide a steady flow of gas to

the CHP plant. These systems are not generally used with food waste.
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12.1.3.2 Climatic and Regional considerations

Both maize and grass can be grown however there are caveats. The North East
generally, has a lower rainfall and some very good soils. The principal disadvantage
is a colder climate. Maize must be sown only when the soil is warming up, so drilling
may be delayed if there is a cold spring. Perennial grass is a less demanding crop
and can be sown in the autumn for a first cut in the following May or June. Early
growth is also restricted by a cold spring, but it usually recovers well.

12.2 Food waste opportunities

The Waste & Resources Action Programme (WRAP) estimates that 8.3 million
tonnes of food and drink are wasted in the UK; 5.3 million tonnes of this is classed as
avoidable waste (Household Food and Drink Waste in the UK, 2009).

Most commercial food waste is put into general waste bins that go to landfill as
opposed to being recycled and if the UK is to meet its EU waste targets it cannot
continue for much longer.

Because of the lack of commercial food waste collection rounds there is no real
alternative to tipping at landfill sites and with legislation looming that food waste
cannot be “dumped” into landfill the question must be asked as to where the food

waste will go once it is collected.
The new coalition government is planning to wage war on waste by rewarding

recyclers and tackling excess packaging, “We also want to see more food waste

being used to make energy”.

Within North York Moors National Park there are numerous small cafes, restaurants,

visitor centres etc

A number of restaurants were contacted with a view to canvas their interest in using

their waste food as a potential feedstock for anaerobic digestion. Although a number
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did not reply (and require following up) there were a number who did express an
interest, such as.
Allie Gunton of Penny Bank café, Kirkbymoorside, expressed an interest and
currently composts all their raw food waste and acknowledges that food waste is a
problem to them.

The Fauconberg Arms, Coxwold, also expressed an interest.

The “Inspired by” guide of local produce for food and drink (and Arts & Crafts)
(http://inspiredby.moors.uk.net/) lists the different categories and variety of produce

manufactured within the national park. From this guide it is possible to group these
around specific towns, for example around the Pickering, Kirkbymoorside, Appleton-
le-Moors and Helmsley areas there are clusters of food/drink produces which
individually or collectively could develop AD interests.
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12.3 Food processing opportunities

Within the park there are no large food manufacturers/processors, however there are
a number of small ‘family run’ companies specialising in dairy products i.e. Ice
creams, eggs, chocolates; fruit and vegetable produce, who as individuals or
combined could look to develop AD using their waste products.

On the boundary of the park Whitby and Scarborough have a number of medium
sized food manufactures/processors such as Whitby Seafood Ltd and McCain Food

UK Ltd, together with smaller companies such as Trillo Ice Cream, etc.
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12.4 Implementation scenarios for the North York Moors National Park

From the research work carried out within the park, the following section will look at
potential opportunities within the National Park from the view point of three different
AD plant size scenarios together with a number of other opportunities, these are:

» Scenario 1: opportunities for conventional large-scale AD plants
» Scenario 2: opportunities for small-scale AD plants
» Scenario 3: opportunities for micro-scale AD plants

» Scenario 4: other opportunities for AD plants

12.4.1 Scenario 1 — Conventional large-scale AD

Conventional large-scale Anaerobic Digestion plants range from 750kW to 2MW

output, the required feedstock and approximate costs are (approx):

Plant size Feedstock (tonnes) | Cost (EM)
1MW, (~ 2MWy,) 30,000 4-6
2MW, (~ 4AMWy,) 60,000 6-8

Due to planning, park restrictions, SSSI, and AD feedstock movements it seems
unlikely that a conventional AD plant would be possible deep within the National
Park. Another potential problem within the park for a large scale plant is grid
connection and its availability. Maps obtain from CE electric regarding the Primary
Sub-stations within the park (fig 16) show the majority of sub-stations are around the
park boundary with the majority located around Stokesley, Guisborough, Whitby and
Scarborough. There are however two located at the south end within the park

boundary at Kirkbymoorside and Thornton-le-Dale.
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Fig 16 CE Electric — Primary sub-stations in the National Park

Any opportunities for conventional large scale AD plants are primarily around the
large towns just outside the park boundary such as around Whitby and Scarborough
where there exist the potential feedstock volumes, including companies such as
Whitby Seafood’s Limited who process circa 4,000 tonnes of various seafood’s per
year and the Associated Co-operative Dairies based in Whitby Business Park and
McCain Food GB Limited based at Eastfield near Scarborough.

With respect to the Whitby Business Park Area Action Plan is there an opportunity to
develop an AD plant which would compliment what the action plan is trying to
achieve. This opportunity is worth investigating further.
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12.4.2 Scenario 2 — Small-Scale AD
Small-scale Anaerobic Digestion plants range from 60kW to 100kW output, the

required feedstock and approximate costs are (approx):

Plant size Feedstock (tonnes) Cost (£k)
60kW, (120kW4,) 3,000 500
100kW, (200kW+) 5,000 600

The advantages of smaller scale plants is there wider applications in the processing
of smaller volumes of waste which also has an impact on transport movements since
smaller scale units enable local treatment at the source of generation. A relatively
lower cost in comparison with conventional AD plants which will enable a better

payback period.

Within the park and outside of the park there exist a number of potential
opportunities for small-scale AD plants.

1. The area from Helmsley to Pickering following the A170

The distance by road from Helmsley to Pickering is approximately 13 miles, therefore
(if required) the transport movement of waste material would be limited.

Fig 17 Map: Helmsley to Pickering route of A170
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Potential opportunities within this area include a substantial number of food
outlets including restaurants, farm shops, fish farms, meat processors, fruit
farms etc who could individually or collectively look to build a small scale AD
plant. Within this area at least one café based at Kirkbymoorside expressed
an interest as they already compost their raw food waste. This could be

investigated further.

The micro-brewery based at Cropton would be worth investigating further to

assess their interest and potential feedstock potential.

Kirkbymoorside Environmental Group have in the past looked at developing
an AD plant (not sure on what size), the main problem they encountered was
the supply of feedstock for the digester. This could be investigated further

with respect to small scale and or micro scale opportunities.

Discussions with the Forestry Commission highlighted that Pickering may be
interested in setting up a community AD facility. An opportunities may exist to
develop a community based AD plant involving a number of ‘local’ farms etc
who as a cooperative could potentially have sufficient waste and also grow

energy crops for a conventional AD plant.

2. A chicken farmer at Faceby is interested in AD to dispose of the waste from

approximately 14,000 chickens. This is being investigated further.

3. Two pig farms outside the National Park at Guisborough and one inside the
National Park at Grinkle. A potential opportunity exists at the pig farm at
Grinkle with 300 sows together with a number of bed and breakfasting pigs.

Grinkle Park hotel also has the potential to supply waste feedstock.
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12.4.3 Scenario 3 — Micro-Scale AD

Micro-scale Anaerobic Digestion plants output approximately 2kW, the required

feedstock and approximate costs are (approx):

Plant size Feedstock (tonnes) | Cost (£k)
2kWe (4kWy,) 100 25

Micro scale AD deals with small volumes of feedstock waste to provide small
guantities of electricity. The advantages of this is that in situations where there is
limited waste, limited space and limited capital budget this system enables a
potential return from either landfill or composting.

Again within the park and outside of the park there exist a number of potential

opportunities for Micro-scale AD plants.

1. Botton Village

N

Fig 18 Map: Botton village

Botton is a small village of 280 people with some five biodynamic farms
located around the village.

Already has an installed biomass boiler and PV.

Already makes compost from organic and farm waste.

Opportunities to use AD together with or an alternative to
composting

Opportunity to use village/café food waste.

Also have a small herd of 60 dairy cows, but do not use intensive

farming.
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Church farm located nearby Botton village has 200 cows and

associated slurry.

Botton village are interested in a micro/small-scale AD plant and an initial feasibility
study and have been searching for a small AD plant to process their kitchen/food

waste. This is an opportunity to be investigated further.

2. Dalby visitor centre

o\

Fig 19 Map: Dalby visitor centre

Dalby Visitor Centre at the heart of Dalby Forest, North Yorkshire is the Forestry
Commissions focal point for actives in the UK’s most wooded National Park. The
centre is a totally ‘green’ build, with timber sourced from the Forestry Commissions
own estate, wind turbine, rainwater harvesting and PV generated electricity. The
centre houses, a shop, restaurant, conference room and exhibition space, opened in
April 2007, it receives 100,000 visitors annually.

The Forestry Commission would be interested in a micro/small scale AD plant with
the possibility of using the Dalby communities waste, which includes 14 properties
and 1 farm which is just outside Dalby. The farm is an arable farm. The sewage
treatment works within the Dalby visitor centre is also a possibility for AD feedstock.

This is an opportunity to be investigated further.
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12.4.4 Scenario 4 — Other opportunities for AD

Other potential AD opportunities worth investigating include:

Yorkshire water with respect to sewage treatment works, Petch Water based at
Great Ayton who are specialists in waste removal and waste replenishment to both
domestic and commercial customers (contacted but no response), Gwilliam
Recycling based at Givendale Head Farm, Snainton, worth contacting to gauge any
interest from them. There also appears to be a number of Fish farms within the
national park, particularly around the Pickering and Kirkbymoorside areas. Waste

material from fish farms is also good feedstock potential for anaerobic digestion.
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13.0 Examples of AD capital cost models

The National Non Food Crops Centre (NNFCC) provides a number of examples as a
guide to the capital cost for a range of Anaerobic Digestion plants sizes; these are
briefly highlighted below, for a single small and a medium farm which uses as
feedstock the waste from the farms animals plus the addition of an energy crop. As
the size of the plant increases so to does the feedstock volume and variety. The
centralised plant example uses farm waste supplemented by energy crop and food

waste.

13.1 Example 1: Single Farm (small)

250 cows plus 100 ha maize
Input = 2,990 t/year
Combined Heat & Power (CHP) | =50 kW
Cost = £400,000
= £8,000/kW

13.2 Example 2: Single Farm (medium)

150 cows plus 20 ha maize
Input = 9,650 t/year
Combined Heat & Power (CHP) | = 250-300 kW
Cost =£1.2 million
= £4,500/kW

13.3 Example 3: Centralised Plant

800 cows plus 500 ha maize plus 2,500 tonnes

food waste
Input = 34,180t/year
Combined Heat & Power (CHP) | =800 kW
Cost = £2.2 million
= £2,750/kW

Source: National Non Food Crops Centre
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14.0 Funding opportunities

14.1 Public Funding

Due to the current situation in the UK regarding cuts in public funding etc, the
opportunities for public sector grants with respect to Anaerobic Digestion is at
present a little unclear. That said the current Government has highlighted its
extreme interest in Anaerobic Digestion and in order to drive the growth in AD the

Department of Energy and Climate Change (DECC) say they will provide some

£860 million funding for the new Renewable Heat Incentive (RHI) to be introduced

from 2011-2012. DECC also confirmed they will not be funding the scheme
through an overly complex Renewable Heat Levy.
(http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy _mix/rene

wable/policy/renewable heat/incentive/incentive.aspx)

14.2 Private Funding

Projects however that do not require public support are seen as attractive to

commercial banks and others.

Private Funding options include the following:
Partnerships
Venture capital equity
Private investors
Cooperative style organisation
Community funding
Bank borrowing

The caveat however for potential funders to invest in an AD project is that certain
criteria has been met, such as a Feedstock agreement is in place, the land for the
AD plant has been legally secured either via leasing or purchase. These then lead

on to planning and Environmental issue.
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15.0 Conclusions and Recommendations

15.1 Conclusions

As stated in the introduction to this report developing and accelerating the uptake of
renewable energy technologies will help the UK meet its goal of decarbonising
energy production in the UK, while ensuring secure and safe energy supplies and
exploiting the significant economic opportunities of the move to a low-carbon
economy. It will also enable us to meet our EU renewable energy target to source
15% of our energy from renewables by 2020 which everyone of us needs to
contribute to.

From the UK political perspective the previous and current Governments are

committed to encouraging a significant growth in the use of anaerobic Digestion.

The Coalition Government in England has produced its first draft action plan on

Anaerobic Digestion (AD) to help increase the production of energy from biowaste.

The Department for Environment, Food and Rural Affairs (Defra) announced in
November 2010 an anaerobic digestion framework document that aims to set out the

steps needed to increase energy from waste in England through AD.

Anaerobic Digestion technology itself has also developed over the years and the

range and size of AD technology is now huge and varied.

This report has focussed on the main aspects of Anaerobic Digestion and specifically
it application within North York Moors National Park. The study has highlighted the
parks commitment to climate change and Renewable Energy and the potential
opportunities for the park. The next section highlights some recommendations for
various sizes and locations for AD plants within North York Moors National Park.
Should the park authority wish to look further into some of these opportunities CPI

and its AD spin out company Anaerobic Energy Limited would be willing to assist.
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15.2 Recommendations

From the report the following is recommended:
Anaerobic Digestion plants:

1. Conventional Large scale AD plant

Investigate opportunities for a conventional AD plant within the
Whitby/Scarborough area, where there are larger food producers such as
Whitby Seafood Ltd and McCain Food UK Ltd.

Work with Whitby Business Park Area Action Plan for potential opportunities
to develop an AD plant which would compliment their action plan.
2. Small-Scale AD plant

Area from Helmsley to Pickering (following the A170).
- Potential opportunities within this area include a substantial number of
food outlets, contact more of these outlets within cluster areas.
- Microbrewery based at Cropton, investigate the brewery’s interest.
- Kirkbymoorside Environmental Group has in the past looked at
developing an AD plant, issue was volume of feedstock required.

Investigate further with respect to small-scale AD.

Carry out discussions with the Chicken Farmer at Faceby to ascertain

potential AD opportunities for the chicken waste.
Further discussions with the pig farmers at Guisborough and Grinkle Park.
3. Micro-scale AD plant

Look to carry out a feasibility study at Botton Village.

Work with the Forestry Commission with a view to a micro-scale AD plant at

Dalby Forest visitor centre.

Investigate other opportunities for micro-scale AD plants.
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17.0 Appendices

17.1 Appendix 1 — Renewable Transport Fuel Obligation

Introduction.

The Renewable Transport Fuel Obligation (RFTO) is a policy instrument that
imposes an obligation on most transport fuel suppliers to source a specified
percentage by volume of their fuel from renewable sources. It came into force in April
2008.

The main purpose of the (RTFO) is to deliver carbon savings of approximately one
million tonnes per annum from the transport sector by 2010/11, and increase the use
of renewable transport fuels in the UK. It is the main policy to help the UK meet its
EU targets for renewable transport fuel.

Renewable transport fuels also contribute to the diversity of the UK’s transport fuel

supply and offer new opportunities to the UK’s biofuels and farming industries.

Who Can Benefit

Producers of biodiesel, bioethanol and biomethane can benefit from the scheme.

To do so they must register for an account with the Renewables Fuels Agency (RFA)
and submit monthly information on fuels supplied in exchange for certificates.
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17.2 Appendix 2 — Anaerobic Digestion and Environmental
Permitting
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17.3 Appendix 3 — Anaerobic Digestion of agricultural manure
and slurry
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17.4 Appendix 4 — Renewable Energy Supplementary Planning document April
2010 — section 5 Energy from Waste
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17.5 Appendix 5 — Meeting notes

CE Electric Meeting to discuss the North Yorkshire Moors Feasibility Study. 27 July.

2010

Attendees: Neville Slack

Notes:

Ashleigh Thompson

Steve Keeney (Customer Liaison Project Manager) CE Electric
Glen Hodges (Strategic & Programmes Design Leader) CE Electric
Gary Mitchell (Commercial Engineer) CE Electric

Underground wires will be required as NYMNP doesn’t normally allow over ground
wires. This will add to the cost as land will need to be dug up. Could be possible to
have overground wires if farmers in the area are willing to have them through their
land.

The AD plant will be at the end of the electricity line, as the country has smaller
electricity requirements.

The electricity can't be plugged directly into the grid. This is due to CE electric
keeping within the statuary maximum. The electricity will need to be added further up
the line where this maximum will not be surpassed.

Possibility of a smart network, based within the community. Would make distribution
to the community easier.

Output will need to be direct to all premises involved in the project.
CE electric need to meet guaranteed standard targets on quotations

A stand alone substation will be required for anything more that 150kW. Local
distributor will be required.

The larger the substation the more the connection will cost due to more infrastructure
etc etc.

AD plant as the electricity that is produced is normally about 10% of what the
substation can handle.

Will need to overcome a lot more problems before this can become viable.

The generator will have to run in parallel with the national grid. Where the generator
is giving priority over the national grid.

Will require a single point of connection.

Farmers forming a company/trust which will ensure even distribution of electricity/FIT
(feed in tariffs).

Information is available on the CE Electric website regarding the rules and
regulations surrounding the

http://www.ce-electricuk.com/page/Generation.cfm

CE electric to provide a map showing the location of substations within the NYMNP. (Glen
Hodges)
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Country Land and Business Association (CLA) Meeting to discuss the North

Yorkshire Moors Feasibility Study.

28 July. 2010

Attendees: Neville Slack

Notes

Ashleigh Thompson
Dorothy Fairburn: (Regional Director) Country Land & Business Assaociation

Found it difficult to think of possibly sites that will be able to afford and handle an
anaerobic digestion plant.

Economically situation of most farmers within the park
A few large pig farmers in Helmsley: Wilson Family in Sproxton Helmsley
Castleton and Helmsley have a lot of hotels. Food waste can be used

Botton Village

Contact Jeff Todd from the NFU (local area representative) Based in Kirkbymoorside
or Malton

Best to locate the proposed plant around the edge of the park, possibly on the
outskirts.

Visitors centre based in Danby might be interested email:

moorscentre@northyorkmoors-npa.gov.uk Tel: 01439 772737

Forestry Commission based in Dalby Forest (south part of the park). Could also be
interested, already have compost toilets. Email nym@forestry.gsi.gov.uk Tel: 01751
472771

Putting wool in would be useful for sheep farmers in the area. Asked Faisal about this

and apparently they are putting wool into AD plants in Bradford.
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Forestry Commission Meeting to discuss the North Yorkshire Moors Feasibility Study.

19 Aug 2010

Attendees: Neville Slack

Ashleigh Thompson

Petra Young Project Funding and Co-ordinating Manager
Notes

Kirkbymoorside Environment Group looked into an AD plant, http://www.kms-
environmentgroup.org.uk/index.php. The group supports the idea of a transition
town.

The main problem they encounted was the supply of feedstock for the digester.
Can’'t remember what size AD plant they were looking at installing.

Really interested in an anaerobic digestion plant at the Dalby Visitors Centre,
which has a restaurant/cafe. Possibility of using the Dalby community’s waste,
which includes fourteen properties and one farm just outside Dalby. The farm is
an arable farm, but it is possible that it could support a bit of livestock.

The sewage treatment within the Dalby Visitors Centre isn't working very well.
Uses a lot of electricity 9 kW/hr.

Problem: won't have constant feedstock. Visitors higher in summer compared to
winter. Approximately 400,000 visitors a year.

Room in the workshop area for a micro-scale AD plant.
Interested in how much this will cost.

Dalby will be interested in a smaller AD plant.

Centre Manager: Tanya Rex. Email: tanya.rex@forestry.gsi.gov.uk.

The workshops and garages at the visitors centre will probably be redundant
buildings, so will be an ideal place for an AD plant. There is plenty of space for
lorries to get in and out.

Should contact Ryedale District Council. Email: enquiries@ryedale.gov.uk Tel:
(01653) 600666.

Contact John Brown, Waste and recycling officer. john.brown@ryedale.gov.uk

Whitby could be interested (Scarborough probably won't be interested)
Half of Ryedale outside of the National Park.

Garden waste, which is collected in brown bins in Ryedale is collected by
Gwilliam Recycling located in Snainton. Tel: 01723 859721, Email:
contact@qgwilliamrecycling.com

Also collect waste for Scarborough and Pickering. Therefore there is a possibility
of a larger AD plant.

Possibility that Pickering might be interested in setting up a community AD plant,
but Pickering is 2-3 miles outside of the national park.

Compared to outside the national park the communities and farms are small, so
would probably be a better idea to look at sites slightly outside the national park.
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Botton Village Meeting to discuss the North Yorkshire Moors Feasibility Study.

24™ Aug 2010

Attendees: Neville Slack
Ashleigh Thompson
Soleira-Erwin Wennekes
Architect from Botton Village
Notes
Botton has 700 acres. Got given a basic map of Botton.
Botton is organic biodynamic
Already have a biomass boiler and solar panels.

Has a small herd of 60 dairy cows. Don't use intensive farming compared to local
farms.

Feedstock: Rotten Silage, Bad batches of hay.

Already make compost from organic and farm waste, but there is a problem with
rats.

280 people, could use peoples kitchen waste.
Botton interested in small scale AD plant and feasibility study.

Camphill Community in Ireland already uses Anaerobic Digestion. Use waste from a
pizza restaurant on site. Already have a surplus of gas. Info given at
http://camphillballytobin.eu/biogas.html

Church Farm, which is located nearby Botton Village, has 200 cows and lots of
slurry.

AEL send over pictures of Cockle Park.
Botton will try and find volume of feedstock and information on substation.
Pig farm in Grinkle. Exploring different ways of generating electricity, wind farms

etc.
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Notes from meeting with John Rider (Pig Farmer)
19" November 2010

Attendees: Graham Hillier, Neville Slack
John Rider

John Rider’'s Farms

* One at Guisborough (outside National Park):
o 1500 pigs on site all kept indoors.
o0 With 60-70 beef cattle next door (owned by someone else) partly indoors.
o Site has a 100kV 3 phase transformer so relative ease of grid access.
0 Reasonable access to site, but doesn’t want comings and goings to farm.
o Likely to close this site and move all activities to Grinkle.
* One just opposite the entrance to Grinkle Park (inside National Park):
0 300 sows, but also bed and breakfasting pigs for Richard Muir.
o Fairly easy access to 3 phase grid.
0 Land goes up to the road so there is a good site to build that could accept
waste from other places.
0 Grinkle Park Hotel could also supply wastes.

Andrew Brunton (Outside National Park):

» Farms next door to John Rider at Guisborough.

» Has between 500 and 3000 pigs at any one time.

* Has large slurry pits.

» 3 phase supply at the farm itself, but not at the finishing unit which is a mile up the hill. 3
phase lines are close to finishing unit though.

» Access not that easy for waste supply.

Myers: Stanghow, Lingdale

e 300 to 400 sows and young.

» Small site close to housing.

* Pigs go out for finishing.

* Known to have a slurry disposal problem.

* No site to build on close at hand.

» Close to Skelton Estates cattle farm for additional wastes and possible AD plant site.
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