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1 Introduction

Llanidloes Energy Solutions (LLES) has contracted the Horne Energy Consultancy to
carry out a feasibility study into the potential for developing a small scale biomass
fired Combined Heat and Power (CHP) scheme in Llanidloes. The brief included
assessment of possible sites and potential technologies, identification of potential
heat users and fuel suppliers, and assessment of the economic viability of a scheme.

1.1 Scope

The purpose of the study was to develop, if possible, a project that could be
implemented reasonably quickly by LLES, in partnership with others. To that end,
only small scale systems have been considered, and we have limited our study to
systems under 500 kW electrical output. A larger project may well be viable, but
would be far more commercial in nature, perhaps less in keeping with the ideals and
ambitions of LLES, and would take longer to develop.

A community CHP project generally requires a heat distribution network, and it is
possible for such a network to be extended over time, and for additional heat sources
to be added at a later date. This study aims to identify and assess options for an
initial scheme only, while taking account of the potential for future expansion as a
consideration.

The process of the study has involved three key stages:
1. Identification of key parameters, including:
CHP technologies available, and their technical and economic
parameters
Fuel sources available, and their prices
Potential heat users, heat distribution routes and CHP and fuel
processing sites
2. ldentification and assessment of options for technically successful schemes
3. Recommendations for taking the scheme further

1.2 Terms

The following terms and abbreviations are used throughout the study:

Biomass - technically this refers to any organic material, whether plant or animal in
origin. In energy terms it usually refers to solid plant material suitable for

combustion.

Electrical efficiency — the net electrical output of a system as a proportion of the net
fuel input.

Overall efficiency — the combined output of a system (net electrical output plus heat
used) as a proportion of the net fuel input.

kWe — electrical output of a generator in kilowatts. The output can be gross (the full
power output of the generator) or net (the power available once the generation
system’s power consumption has been deducted).

kWth — thermal output of a CHP system in kilowatts.



kWh — kilowatt hour, a unit of energy, equal to one unit of electricity or mains gas as
shown on a gas bill. Used in quantifying the amount of energy used or produced in a
given period of time.

MWe — electrical output of a generator in Megawatts.
MWth — thermal output of a CHP system in Megawatts

Moisture content — the amount of water contained in biomass fuel, expressed as the
mass of water divided by the total mass of biomass and water combined.

odt — oven dry tonnes, the mass of dry biomass in a quantity of fuel, excluding any
water contained.

CHP — Combined Heat and Power, the simultaneous production of electricity and
heat, where some of the heat is made use of outside of the generation process.
Sometimes known as Cogeneration.

District heating — providing heat to more than one property from a single heat
source, usually through supply of hot water in insulated pipes, known as a heat main.



2 The Benefits of Community Biomass CHP

A community biomass-fired combined heat and power project has the potential to
maximise all the possible benefits of a community energy project.

2.1 Environmental Benefits

Wood is a renewable resource, in that it uses only sunlight, water and carbon dioxide
to grow. Inthe UK, virtually all harvested wood comes from sustainably managed
forestry in that all trees harvested are replaced by new growth.

When biomass is burnt, carbon dioxide is released to the atmosphere. However, this
is the same carbon dioxide that was absorbed during growth and which is now being
re-absorbed by the next tree. The carbon therefore forms part of a closed carbon
cycle, and atmospheric carbon dioxide levels are not affected.
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This is different from burning fossil fuels, where carbon that has been locked in the
earth’s crust for millions of years is released to the atmosphere with no chance of re-
absorption, so increasing atmospheric carbon dioxide levels and contributing to
climate change. Burning biomass does not do this — it is carbon neutral, and does
not contribute to climate change.

2.2 Other Benefits

A biomass-fired CHP project produces both electricity and heat. UK mains electricity
is a relatively high carbon form of energy, releasing more grammes of CO, per unit of
energy than most other forms. By generating electricity, a CHP project will displace
this high carbon energy, and so reduce carbon emissions significantly. By making
use of the heat, the overall efficiency is improved and further carbon savings are
made. A good quality biomass CHP scheme will save more carbon per tonne of
biomass than one that provides electricity or heat only.

By generating electricity, a CHP project can generate a large income, potentially
capable of providing a regular surplus after paying off capital and running costs. With
a community owned or managed project, some or all of this surplus can be used to
support other community work and energy projects.



A CHP scheme can also provide low cost heating to nearby users, so reducing fuel
poverty, reducing costs for community organisations and improving the viability of
local businesses. The electricity produced can also be sold to a local company or
companies at below market rates, so further increasing their financial security. Itis
rarely practical to supply electricity direct to domestic consumers.

A biomass-fired project also supports the local economy by sourcing its fuel locally.
A significant proportion of the money spent by local consumers for the energy they
receive will pay for local farmers, foresters, hauliers and processors to provide fuel
for the project. Previously all of this money would have left the area and contributed
to the profits of distant energy companies.

A biomass-fired CHP scheme requires a large capital investment, and much of this is
likely to come from public funding sources and conventional private investments
sources. However, there is clear potential with any viable project for members of the
community to invest in the scheme and see a good return on their investment,
thereby increasing the proportion of the project’s turnover that remains within the
local community and contributes to the local economy.

Because of this wide range of benefits, a biomass-fired CHP scheme is likely to
provide benefits to larger section of the community than most other community
energy projects. In a town the size of Llanidloes, it is highly unlikely that every
resident will benefit directly. However, the potential for wide sharing of the benefits is
great, with a resultingly high potential for good community involvement and a strong
sense of community ownership.



3 Biomass CHP Technologies
3.1 Steam Turbines

The generation of electricity from biomass, with or without use of the heat produced,
has been fairly commonplace in several parts of the world for many years. The
technology used in virtually every system is the steam turbine, the same technology
used in the UK for generation from coal.

In a steam turbine system, the wood or other fuel is burnt in a conventional boiler and
the heat is used to boil water, producing steam at high pressure. This steam then
passes through a turbine, causing it to rotate, before passing at lower temperature to
a condenser, where it reverts to water and is returned to the boiler. The rotating
turbine drives a generator which produces electricity. Heat can be recovered from
the condensation part of the process.

Steam turbine systems can have electrical efficiencies as high as 40% which,
combined with effective use of the recovered heat, can lead to very high overall
efficiencies and cost effective installations. However, a steam turbine’s efficiency
reduces with size and the capital cost per kilowatt installed rises dramatically for
systems smaller than 5 MW electrical output. The smallest systems commercially
available are around 2 MWe, and so this technology has not been considered for
Llanidloes.

3.2 Gasification

Gasification is an entirely different approach, and one that is potentially more suited
to small scale applications. In a gasifier the biomass is partially combusted with a
limited supply of air. The products of this partial combustion then go through a
complex series of thermochemical processes, resulting in a large amount of
combustible gas and a small amount of char.

If a clean enough gas can be produced, this can be fed into a gas engine or gas
turbine to drive a generator and produce electricity. Heat can be recovered from the
engine cooling system and from the exhaust.

There are several configurations of gasifier in production or in development. The
main contender for systems under 2 MWe is the downdraught gasifier, so that is the
technology we shall consider here. A downdraught gasifier is constrained in terms of
its physical size, and most have an electrical output of around 250 kW. Larger
outputs are achieved by running more than one gasifier in parallel.

The main advantage of the downdraught gasifier system is its relatively high
efficiency at a small scale. Electrical efficiencies of up to 25% are possible,
considerably higher than any other technology at this scale. As with most
technologies, much of the remaining energy can be recovered as heat, giving a
possible overall efficiency of 70 to 80%. Actual overall efficiency will depend on how
much of this heat can be used. However, electricity is far more valuable than heat,
both in financial and carbon terms, and so electrical efficiency is a key parameter in a
system'’s viability.

The main disadvantages of downdraught gasifiers are reliability and fuel
specification. Many companies have developed prototype systems but have been
unable to operate them successfully for an extended period of time. However, at



least one company (Biomass Engineering Ltd) now has a number of installations in
operation, and is prepared to offer performance guarantees.

A key element in reliable operation is the quality of the fuel. Downdraught gasifiers
require consistent fuel supply to maintain the right conditions for consistent
thermochemical conversion and clean gas production. In practice this means tight
control of chip particle size and a consistently low moisture content. The former can
be achieved through good chipping practice and appropriate feedstock selection.
The latter almost always requires active drying — a downdraught gasifier cannot be
run on air dried wood.

250 kWe BEL Gasifier

3.3 Hot Air Turbine

The hot air turbine is a new system developed by Talbott’'s Ltd. The fundamental
principle is extremely simple, but no other company has developed it.

Biomass is burnt in a conventional wood boiler, and the heat is transferred to a
stream of air via a heat exchanger. Talbott’s have installed thousands of such boilers
as hot air heaters in industrial buildings.

In the generator system, the air stream increases in pressure as it heats up, and then
passes through an air turbine which drives a generator. Heat can be recovered from
the air downstream of the turbine, and the still warm air is then used as combustion
air for the boiler.

The main advantages of the system are its small size (80 kWe net) and its wide fuel
specification. The size is unique in commercially available biomass CHP
technologies, and the boiler can accept fuel of varying chip size and moisture
content, although high moisture content will lead to reduced efficiency.

The main disadvantage are relatively low efficiency and high capital cost. The
generator produces 100 kW, but 20 kW are required to run the system. This net



output of 80 kW means an electrical efficiency of under 19%. The total recoverable
heat output is 200 kW, giving a maximum overall efficiency of 66%, even if all this
heat were used.

80 kWe Talbott's CHP unit
3.4 Organic Rankine Cycle

The Rankine Cycle is the technical name for the cycle of evaporation, turbine and
condensation that water goes through in a steam turbine. An Organic Rankine Cycle
(ORC) system is the same except that an organic fluid is used in place of water. The
significance for us is that one company (Turboden) produces an ORC system
suitable for biomass fuel at relatively small sizes. The smallest produced is 450 kWe.

450 kWe Turboden ORC turbine, not including boiler



The main advantages of the ORC system are due to the separation of the
combustion and turbine processes. As with the hot air turbine, the combustion area
is a standard wood burning system, with associated reliability and a potentially wide
fuel specification. The Turboden system occupies a unique size slot for this attribute.
The turbine itself is also well tried and tested, and can demonstrate reliability similar
to the larger steam turbines.

The main disadvantage is low electrical efficiency (under 15%). Heat recovery is
good, with maximum overall efficiency approaching 80%. However, in an
environment that values electricity considerably more than heat, and where the fuel is
not extremely cheap, the low electrical efficiency can undermine viability. Many of
the Turboden system in operation are running on recovered waste heat from
industrial processes rather than on biomass.

3.5 Other Technologies

There are a number of other systems that could, in theory at least, be used for
biomass-fired CHP:

Steam engines are reliable, tolerant of a wide fuel specification, and possible at a
small scale. However, electrical efficiency would be under 10%, rendering them
inappropriate for our situation.

Stirling engines could potentially generate at small scale from a wide variety of
fuels, but developers are still encountering reliability problems, even with gas
systems.

Pyrolysis is a thermochemical process similar to gasification, but normally
configures to produce liquid fuel. Consistency of fuel output is an issue, and
economic constraints suggest it is appropriate only for very large systems.

We have not considered these technologies further.



4 Fuel Sources

Wood has been the predominant form of biomass for energy purposes in the UK for
thousands of years, and it still is today. In Wales, several hundred thousand tonnes
of wood are burnt every year, while other biomass combustion (not including waste)
is only a few hundred tonnes a year. However, wood comes in a variety of forms,
and other forms of biomass should not necessarily b discounted.

4.1 Conventional Forestry

Small roundwood (SRW) refers to the low diameter lengths of timber that are left
when conifers are harvested and the larger diameter sawlogs have been taken to the
sawmill, or after an early thinning process that produces no sawlogs. Essentially a
length of SRW is either the top section of a tree or a whole small tree, with the
branches and very top removed.

Traditionally, SRW in Mid Wales has been taken to Kronospan in Chirk to make
chipboard, or to Shotton in Flintshire to make paper, or has been used more locally to
produce fence posts. Shotton no longer takes fresh timber for paper making, as it
uses 100% recycled stock (although it does still buy wood for energy purposes).
Kronospan still buy roundwood, but their quality requirements have been increased
to meet the stricter demands of the chipboard sector. Fence post production
continues, but the market for SRW in Wales has suffered a major dip in recent years.
The market has since recovered somewhat, partly due to the increase in demand for
energy projects.

SRW represents a good quality and locally available fuel resource for a CHP project
in Llanidloes. The Forestry Commission have confirmed that there would be no
problem in obtaining a few thousand tonnes per year from their estate in the local
area for the foreseeable future. There is also a considerable private forestry
resource in the area.

The Forestry Commission quoted a price of £17 per m® for SRW at the forest
roadside, equivalent to around £36 per odt. In practice, a report on the current wood
energy situation in Wales (Horne and MacDermott, Review of the WEBS Grant
Scheme and Recommendations for Future Support, 2007) suggests that a typical
price for SRW is £25 to £30 per odt at the forest roadside.
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Harvesting residues from conventional forestry — the branches, tops and dead wood
usually left on site after harvesting — can also be used for energy projects but,
because of their poor quality and difficulty of extraction, are more suited to very large
scale projects that can afford the infrastructure and handle the material.

4.2 Local Hardwoods

Llanidloes is also surrounded by large areas of oak woodland and other native
hardwoods, some of it managed and some of it not. One of the closest areas is the
Llanidloes community woodland to the north west of the town.

The community woodland includes 18.6 ha of managed ancient woodland, and this is
currently managed in much the same way as other managed woodlands in the area.
High quality material goes to local sawmills for flooring and similar uses. Lower
grade timber is sawn and split and sold as firewood for log stoves, and the lowest
grade material is left in the wood to provide a habitat for wildlife.

Of this output, the firewood is the only resource potentially available for a Llanidloes
CHP scheme. In practice, woodland managers are having difficulty meeting the
existing demand for firewood, and using this material for the CHP project would result
in increased importing of logs to satisfy that market.

In summary, it may be possible to take some material from the community woodland,
and from other local broadleaf woods, as market conditions and management
practices allow. However, this is likely to be an occasional and small contribution,
perfectly valid when it occurs but not to be relied upon for planning purposes.

Even if all the output from Llanidloes community woodland were diverted to the CHP
scheme, irrespective of price or local economic impact, it would provide less than
10% of the fuel required for the smallest scheme considered below.

4.3 Sawmill Co-products

Sawmills primarily produce sawn timber, but they also produce sawdust, bark, off-
cuts and chip. Any of these co-products except sawdust could be used in a small
scale CHP scheme.

There is a large sawmill about 40 km from Llanidloes (BSW, Newbridge-on-Wye),
producing around 40,000 odt of co-products per year, and a humber of much smaller
mills in the area. However, this is co-product, not waste. Virtually all the co-products
have an existing market, with a market price, but this price is generally well below the
price for SRW (typically ranging from £13 to £39 per odt, delivered and chipped).

Much of the co-product in Mid Wales is already contracted to a certain market,
including a significant proportion that is contracted to large scale energy projects that
can be expected to continue using that product. However a new project in Llanidloes
would, from a purely commercial point of view, hope to acquire a proportion of its fuel
from co-products in order to keep the average fuel price down.

4.4 Energy Crops

There are two forms of energy crop currently being promoted in Wales — Short
Rotation Coppice willow (SRC) and Miscanthus.
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SRC involves the planting of willow at close centres on moderately good farmland,
and then cutting back the growth every two to four years. This system maximises the
productivity of wood fuel from a given area of land, with sustainable outputs of 10
odt/ha per year looking likely.

The wood produced is a chip with moisture content of between 35 and 50%, suitable
for use in most wood chip boilers. It has been estimated that fuel could be produced
at prices similar to fuel from SRW if a planting grant were available. Such a grant is
currently available in England, and may become available in Wales in 2009.

SRC can grow in moderate or even fairly poor soil conditions, but it requires good
access for mechanical planting and harvesting, and it suffers from exposure
problems at high altitude. It is therefore only suitable on reasonably flat farmland in
the valley bottom. There is some such land in the immediate vicinity of Llanidloes,
and considerably more further down the Severn valley.

Typically, the crop is cut back after one year to encourage coppicing, and is then
harvested every three years. The first full harvest is therefore after four years, or in
2013 if planted in 2009.

It would therefore be possible to encourage planting of SRC in the area to fuel a CHP
project, but it would not be possible to rely on SRC as the prime fuel source,
especially in the early years.

Trees can also be grown as a single stem energy crop, and there is some interest in
the development of integrated forestry practices to produce a range of products, with
energy markets considered from the outset. However, no such systems would
mature in time to provide fuel for a CHP scheme built today.

Miscanthus requires similar land to SRC, but is harvested annually. Production
costs appear similar to SRC, but chipping is required in addition, resulting in a
delivered fuel that is more expensive than most alternatives. The material produced
is drier than SRC chip, but is higher in mineral content and care must be taken to
ensure that the burner can cope with it. Miscanthus can be gasified, but the gasifier
supplier must be prepared to warranty their plant for this fuel. If the main fuel source
is to be wood, then it may not be worth the additional work required to accommodate
Miscanthus in the same system.

Several other crops have been proposed as energy crops, but none is at the same
stage of demonstrated production in Wales as SRC or Miscanthus.

4.5 Waste

Potters Ltd collect a wide range of combustible waste in the area, including a lot of
waste wood. However, all this material is classified as Waste and anyone handling it
or burning it requires a license to do so, as well as all the appropriate handling and
monitoring equipment. This makes combustion of this material an expensive
business, especially at a small scale.

Potters propose to burn their non-recylcable waste wood in a new 2.5 MWe
dedicated waste wood steam turbine CHP plant in Welshpool.

Agricultural co-products sometimes arise in sufficient quantity and quality to be

useable as fuel. Inthe east of England, combustion of straw and chicken litter
occurs, but there is little such material in Mid Wales. In the Llanidloes area, the main
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agricultural arising is animal manure, more suitable for digestion than combustion,
and already covered in a separate study.

4.6 Fuel storage and processing

Wood fuel from many of these options would be available in the form of round wood,
probably at a high moisture content. This wood will need to be stored as round
wood, to allow it to dry, and then chipped to produce a suitable fuel. Wood should
not be chipped at high moisture content, as the resulting wet chip is then difficult to
store and dry. Once chipped, the fuel will have to be stored under cover to keep it
dry.

Delivery and storage of logs, chipping, and storage of chips all require significant
amounts of space. Chipping is also a very noisy activity. None of the sites
considered below for the CHP plant are suitable for such activity, although they could
mostly accommodate some short term chip storage.

We have therefore assumed that there would be a primary fuel storage and
processing area somewhere close to Llanidloes but not adjacent to any occupied
buildings. This site would have good access for delivery by log lorries, an area of
hard standing for storage of logs, and a covered barn for storage of chip.

Chipping would probably be carried out by a mobile chipper brought in on a regular
basis, either hired in or as a contractor. An alternative would be for the project to
purchase a chipper and then seek to use this asset for other wood fuel projects. This
strategy would be particularly appropriate if there were plans to use the fuel storage
and processing site as a basis for developing other LLES led wood energy projects in
the area, such as wood heating schemes for other buildings in Llanidloes not served
by the CHP project.

Chip from the primary fuel site would then be delivered to the CHP site, probably by a
tractor and tipping trailer, or a medium sized tipping truck. The CHP site would
include a fuel hopper capable of supplying the plant for perhaps one to three days,
and fuel from this hopper would be fed into the CHP system automatically. Fuel
delivery to the CHP site could therefore be timed to avoid busy periods.
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5 Heat Loads

Biomass-fired CHP projects are very capital intensive, and it is generally necessary
to operate them for as many hours per year as is possible in order to generate
enough income to repay the capital quickly enough. All the electricity produced can
be used in a number of ways, including being sold into the grid, and this can be done
at any time and almost anywhere, as long as there is a grid connection. However, it
is also important to maximise the amount of heat that is made use of, both to
increase income for the project and to reduce carbon emissions as much as possible.
Heat use can be maximised by siting the CHP system within reach of enough heat
loads.

Heat can be provided to any number of heat users of any size. However, the cost of
connecting to a large heat user is similar to that of connecting to a small user, and
the cost of administering the bills is equally similar. In commercial terms, larger heat
users are far more attractive than smaller users.

Of course, the aims of LLES and of this study are not purely commercial, and the
provision of low cost zero carbon heating to groups of houses in Llanidloes is an
attractive proposition in many ways. However, development of a scheme based on
domestic heat loads is extremely complex and time consuming.

We have therefore assumed that, initially at least, the project would be developed on
the basis of a small number of larger heat users. Smaller users could potentially be
added to the scheme, either during the development phase or later on as a second
phase of development.

The major heat users in Llanidloes were identified, and contacted for information on
their heating energy use. Some not so large users were also included where they
formed a potential cluster with other larger users, or were of particular community
interest or benefit.

5.1 Characteristics of Heating Energy Data

We need heating data to establish how much heat a given building might take from a
CHP scheme if connected, and so calculate financial income for the project and
tonnes of CO, that could be saved. However, every building’s heating requirement
varies over the year and from hour to hour. With a group of buildings connected, we
are likely to have times when all their heat is supplied by the CHP system, and times
when their total heating demand exceeds the maximum heat output, and so some of
the buildings would have to rely, at least partly, on their existing heating system.

In order to estimate the extent of this effect, we need to estimate the way that each
building’s energy use varies over time. Most buildings considered have some data
on annual heating energy use, and many have figures for each month. However,
none have any figures for variation during the day. We have therefore made
estimates where necessary, based on discussions with staff, published benchmarks,
experience from previous projects and examination of the building and its heating
system.

This has enabled us to come up with predictions of energy supply to groups of

buildings in various combinations with various levels of heat supply from different
CHP options. Examples of the type of data generated are shown below.
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Some individuals were unable to provide any data on their energy use, or were
unwilling to comment for what is merely a feasibility study at this stage, or have been
unable to get back to us within the timescale of the study. Others have provided the
best data they have available, and the level of information has varied accordingly.
However, we have sufficient reliable data to be confident that general conclusions
can be drawn about the relative viability of different options.

Further consultation with potential heat customers will be necessary before finalising
the design of a scheme, seeking finance and negotiating heat supply contracts.

5.2 Building Data

Estimates of annual heat use of various buildings are given below.
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Building Annual heating requirement (kWh)

Sports Centre 569,720
Primary School 276,855
Secondary School 760,361
School Canteen 282,645
Maes y Wennol Care Home 406,350
Maes y Wennol Day Centre 64,003
Bodlondeb Sheltered Housing 174,096
Hafren Furnishers (main store) 374,999
Hospital 813,954
Community Centre 347,826
Library 24,000
Health Centre 62,466
Youth Centre 31,520

Most of these buildings have a highly seasonal heat load, with the schools virtually
closing over the summer. Many have a high daytime load, but the hospital, care
home and sheltered housing have high overnight loads. The sports centre has a
relatively flat load profile due to the buffering effect of the swimming pool, which

stores heat for many hours.

A combination of day peak and night peak buildings would give the optimum load
profile for maximising heat use from a given CHP scheme. There may therefore be
scope for adding domestic customers to a non-domestic based scheme over time,
without impacting on the amount of heat available to the non-domestic customers.

More detailed data on building heat requirements are given in Appendix 1.
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6 Sources of Income

A biomass-fired CHP project has essentially four sources of income:
Sale of electricity
Sale of heat
Subsidies for renewable electricity production
Capital grants

6.1 Sale of Electricity

Most renewable electricity generating projects in the UK either use the electricity they
produce on site or sell it to an electricity company via the grid, or both. If there is no
electricity requirement on site, then the electricity can be sold to one or more
customers elsewhere, again via the existing grid, with a charge paid for use of the
grid system. Another option is to set up a private wire system to supply electricity
direct to a customer with use of the grid. This avoids the use of system charges, but
adds capital cost and complexity.

Sale of electricity to domestic customers or other small users is a highly complex
business that is not normally undertaken by small independent groups. The two
largest and most reliable customers in Llanidloes are Powys County Council and
Powys Health Care Trust. However, both these organisations have existing
electricity purchase contracts that cover their entire portfolio of properties, and it is
unlikely that either would be able to contract a single building or small group of
buildings to a separate supplier. Hafren Furnishers could well be an attractive
customer but, as a private company, may be unwilling to enter a long term contract.

Of all these options, selling to an electricity company results in the lowest price, but it
is the easiest way to sell all the electricity produced and is the most reliable customer
base for the full project duration. It is probably the basis on which any project would
be financed, and it is therefore the basis on which we have assessed the project
options. If sale of some or all of the electricity to a specific customer turns out to be
possible, then this should lead to increased income, but this should be seen as a
bonus for the project rather than money to be relied on.

The market value for grid electricity varies greatly over time, but long term contracts
may be offered in the region of £30 to £40 per MWh.

6.2 Sale of Heat

Heat has been a relatively low value form of energy in the UK for many years,
reflecting the large reserves of indigenous coal, gas and oil available. Now that we
have mostly moved away from coal, and home production of oil and gas is falling
below demand, prices for heating fuels are rising more in line with European levels.
However, heat remains considerably cheaper than electricity in most circumstances.

Fuel prices are varying rapidly at present, as well as varying from supplier to supplier
and from contract to contract. The current state of affairs can roughly be described
as follows:

Domestic price (E/MWh) Commercial price (E/MWh)
Mains gas 23.00 19.00
oil 57.00 50.00
LPG 72.00 64.00
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These figures are per MWh of fuel delivered to the property. This then has to be
converted to heat by a boiler or similar, with an efficiency that may be as high as 90%
but will often be considerably lower. Customers’ minimum prices for heat are
therefore:

Domestic price (E/MWh) Commercial price (E/MWh)
Mains gas 26.40 21.80
Oll 65.50 57.50
LPG 82.80 73.60

Most customers in Llanidloes have access to mains gas and therefore use it as their
heating fuel. For a project targeting commercial customers, we therefore have to
undercut the £21.80 price in order to appear attractive. We have therefore assumed
a heat sale price of £20 per MWh, with no standing charges. We have assumed no
standing charges, as most customers would opt to retain their existing heating
system as an alternative, and we cannot expect them to pay an additional charge
without knowing the proportion of their heat that we would supply.

Some potential customers are currently using oil as a heating fuel, and therefore
stand to gain far more by joining a district heating scheme. However, it would be
inequitable to ask for a higher price from such customers, and so we have assumed
that all the additional savings would be retained by those customers.

It would be possible to charge different heat prices to different categories of end user
(e.g. domestic, not-for-profit, commercial). However, most of the proposed end users
in this study would fall into the same category and this option has not been
considered further at this stage.

6.3 Subsidies for renewable electricity production

The main form of government financial support for renewable energy is the
Renewables Obligation. Every generator of renewable electricity currently receives
one Renewables Obligation Certificate (ROC) for every MWh of electricity they
produce, irrespective of how the electricity is used. Electricity supply companies
have to deliver a certain number of these certificates every year in order to meet their
obligations, or else pay a penalty. There is therefore a market in ROCs.

The market price for ROCs varies over time, as supply and demand vary. However,
the Obligation is managed in such a way that the target is regularly increased to
make sure that demand always exceeds supply, leading to a continuing healthy
market for ROC suppliers.

The wholesale value of ROCs is currently in the region of £45.

In 2009 a new banding system for ROCs is due to be introduced, giving different
numbers of ROCs to different generation technologies. From our perspective the
relevant points are:

Generators will receive two ROCs per MWh if they produce electricity from clean
non-waste biomass, and fulfil one of the following criteria:

1. Use of energy crops only

2. Use of novel generation technology, such as gasification

3. Use of heat produced, such that the system qualifies as Good Quality CHP
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All other generators producing electricity from clean non-waste biomass will receive
one ROC per MWh. This is a highly significant difference, as the value of the ROC
can be higher than the value of the electricity itself.

Good Quality CHP is defined by a formula based on how much electricity is produced
and how much heat is used per MWh of fuel used, and how much CO, might
therefore be avoided. Generators using renewable fuels can use a formula that
takes account of the zero carbon fuel. Under this formula, some of the options
considered below count as Good Quality, while some do not.

Of the technologies considered, only the downdraught gasifier would qualify for two
ROCs per MWh in a scheme that did not qualify under the Good Quality CHP
criterion.

Renewable electricity generation also benefits from being exempt from the Climate
Change Levy. Fossil fuel based electricity attracts a levy of £4.50 per MWh.
Renewable generators can obtain a Levy Exemption Certificate (LEC) to
demonstrate that the levy need should not be applied to their output.

The total potential value of one MWh of renewable electricity generated is therefore:

Sale of electricity £30 to £40/MWh
Sale of two ROCs £90/MWh
Sale of LEC £4.50/MWh

Total up to £134.50

In practice, the purchaser of the ROCs and LECs will be looking for a discount so
that they can make a profit in the market, and because they are carrying the risk of
future variations in electricity and ROC values. Itis unlikely that LLES will want to get
involved in the marketing of ROCs and LECs, and the most likely solution is that the
project will enter a single long term contract for supply of all the electricity with
associated ROCs and LECs included.

The total value of such a contract might be £95 to £105 per MWh. We have
therefore used a price of £100 per MWh in our calculations.

The Climate Change Levy also applies, at a lower level, to gas used as a heating
fuel. The minimal effect of this has already been taken into account in the figures
used in 6.2 above.

6.4 Capital Grants

Capital grant availability for a biomass-fired CHP scheme with district heating at a
given location varies enormously over time. However, the following is our
understanding of the present situation.

The Wood Energy Business Scheme funds non-domestic wood energy systems in
Wales, including CHP projects. Phase 1 is now complete, but plans for Phase 2 are
well under way, with a possible start date for new applications of autumn 2008. A
CHP scheme in Llanidloes should be eligible for support of up to 40% of eligible
costs, though there are no indications as yet on what elements will be eligible under
Phase 2. Phase 1 was very open in terms of providing funds for a wide range of
expenses.
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Llanidloes is not in the Convergence Funding area (formerly the Objective 1 area)
and the total budget for grant support outside of this area is limited. Competition for
funds is therefore likely to be high, and LLES should register their scheme with the
WEBS team as soon as they are confident of being able to take things a stage
further. There is no need to finalise any details before registering.

The Low Carbon Building Programme  does not currently fund projects of this size,
although it has done in the past and may possibly do so in the future.

The Carbon Trust do not provide capital grants for projects such as this, but they do
offer interest free loans for energy saving and renewable energy projects. This may
be one option for raising some or al of the remaining capital after grants have been
taken into account. Projects have to meet a range of criteria, including a maximum 5
year payback period, so only the financially more attractive options could take
advantage of this scheme.

Mid Wales Community Energy Trust  was set up to collect community benefit
payments from commercial wind power projects and distribute them to support the
development of community energy projects. The Trust does not currently have funds
available, but expects to receive more funds in the future as new wind projects come
on line. LLES may be able access some of these funds to support the CHP project.
It may also be possible to access community benefit funds by other routes where
those funds do not pass through MWCET.

There is currently a bid in place for Low Carbon Communities — Powys  which, if
successful, would support low carbon projects in Llanidloes.
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7 Scheme Options

Several sites have been suggested as appropriate for the location of a biomass-fired
CHP plant in Llanidloes. These include:
- To the rear of the works opposite the entrance to the hospital (Site A)
Lower Glandulas Farm (Site B)
On the industrial estate between the old foundry and the bypass (Site C)
At the south end of the Community Centre (Site D)
Workshops between Bodlondeb and the river (Site E)

Other sites, such as on Powys County Council land behind the schools, could also be
considered as variations.

21



7.1 Suitability of Sites

Site A is well placed to provide heat to the hospital, and could also provide heat to
neighbouring businesses and the Maes yr Ysgol flats as optional extras. Such a
scheme could not realistically be connected to heat loads across the river. Road
access for fuel deliveries is good to the north, and access from the bypass is possible
without going through the centre of town.

Site B is ideal for providing heat to the schools and leisure centre. Such a scheme
could easily be extended to include Hafren, Maes y Wennol and Bodlondeb, and
potentially further to other buildings in the town centre. The road to the farm is
narrow and shared with access to the leisure centre and high school. Fuel deliveries
would therefore have to be timed to avoid congested periods. Beyond the farm lane,
access to the bypass and beyond is ideal.

If the farmer were not interested in involvement, a similar site could be found on
Powys land behind the leisure centre or adjacent to the canteen. Space is more
limited, especially by the Leisure Centre, unless the layout of the playing fields were
altered.. Access is similar, but would require some additional travel on the
school/leisure centre site.

Site C is not well located in terms of significant heat loads, and has not been
considered further.
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Site D is well sited for the Community Centre, Health Centre, Library and Youth
Centre, as well as a number of commercial buildings. However, the space available
is probably too tight for even the smallest scheme. Access is not ideal, and the
potential for conflict with neighbours in such a central location is high. This site has
not been considered further.

Site E is well sited for providing heat to Bodlondeb, Maes y Wennol and Hafren, and
potentially for the schools and leisure centre as well. It would also be possible to
provide heat to the central buildings described under Site D above. Road access is
very poor, however, with all fuel deliveries either coming through the town centre or
through the traffic calming measures by the schools. This site is perhaps best seen
as an alternative to Site B if that option falls through.

On the basis of these sites, and the heat loads already considered, we have
proposed a number of schemes for assessment.

7.2 Definition of Scheme Options
Option 1

Generator at Site A, with heat main running to the hospital as the only heat customer.
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Option 2

Generator at Site B, with heat supply to the Leisure Centre, High School and Primary
School.

Option 3

Generator at Site B, with heat supply to the Leisure Centre, schools, Hafren and
Maes y Wennol.
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Option 4

Generator at Site B, with heat supply to the Leisure Centre, schools, Hafren, Maes y
Wennol and Bodlondeb.

Option 5

Generator at Site B, with heat supply to the Leisure Centre, schools, Hafren, Maes y
Wennol, Bodlondeb, Health Centre, Youth Centre, Community Centre and Library.
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7.3 Variations

All of these schemes can be considered with a range of generator options and sizes.
Some suggest themselves as appropriate for larger or smaller systems based on the
heat demand included. However, it is best not to make assumptions about the
viability of different sized projects, and so various sizes have been modelled for each
option.

All options could have additional smaller heat users added, but it is suggested that
projects be developed initially on the basis of only the heat loads described in 7.2.
We have therefore assessed them only on that basis.

If additional heat users were to be added over time, many scheme options would
soon run out of heat at times of peak load, leading some consumers to rely on their
back-up heating source for an increased amount of time. This would lead to reduced
financial savings for those customers, which they may not have anticipated.

One solution to this problem would be to add an additional heat source or heat
sources as the scheme grew, designed to operate only at times of peak heating
demand. Appropriate technologies would include wood chip boilers, gas boilers and
gas CHP systems. It is not possible to model the viability of any of these at this
stage, or of the impact on heat customers. If a gas fired system or systems were
included, it may be possible to develop the scheme based on the existing mains gas
supply, but switch to biogas purchased from Potters should their proposed anaerobic
digestion scheme go ahead.
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8 Economic Analysis

All the scheme options defined above have been modelled for the three technologies

described in sections 3.2 to 3.4, using various assumptions. The model used is a
simple inflation-free cashflow projection in Excel, with a 15 year project life from

completion of commissioning. The model produces projections for economic viability

and a number of other key technical and environmental figures.

The prime assumptions made are:
Electricity sold at £100 per MWh including ROCs and LECs
Heat sold at £20 per MWh
Capital cost and performance figures for generation plant based on figures

provided verbally by Talbott’s Ltd, Biomass Engineering Ltd and Econergy Ltd

(UK agents for Turboden)

Capital cost of district heating system based on actual costs from other
projects

Wood fuel purchased at an average price of £47 per odt, delivered and
chipped

Capital grant of 40% available for CHP plant, 35% for district heating system,
and no grant for additional radiators

The model outputs include:
- Internal Rate of Return (IRR) — a measure of commercial viability. Figures

above 15% are attractive, while figures between 10% and 15% suggest that a

viable project may be achievable with some modifications.
Simple payback

Quantity of biomass required

Tonnes of CO, saved

Local spend — amount of the project’s annual turnover that will be spent in the

local area
Good Quality CHP Quality Index (GQCHP QIl) — a figure above 105 suggests
the scheme will qualify as Good Quality CHP if performing as projected

NB This economic modelling has been carried out in good faith, and
represents the consultant’s best estimate of the li kely outcome. However, all
figures are estimates, and the Horne Energy Consult  ancy cannot be held
responsible for the actual performance of any proje ct developed as a result of
this report.

The models are based on a number of assumptions, no ne of which can be
established with certainty at this stage. The resu lIts therefore only serve as a
guide for general assessment of likely viability, a nd for comparison of different
scheme options. Confirmation of key figures, inclu ding quotes from suppliers,
must be obtained before any commitment is made to i nvest in a project.

27



8.1 Results of Analysis

Full outputs from the model are shown in Appendix 2. A summary of the key results
is shown here:

Overall COo2
Option Heat loads IRR Efficiency | saved (1)
Option 1(a) | Hospital Negative 37.8% 410
Option 1(b) | Hospital 2.7% 32.2% 904
Option 1(c) | Hospital Negative 17.1% 1,603
Option 2(a) | Schools and Leisure Centre Negative 42.6% 449
Option 2(b) | Schools and Leisure Centre 5.9% 41.2% 1,071
Option 2(c) | Schools and Leisure Centre Negative 20.6% 1,814
Option 3(a) | As 2 plus Hafren, Maes y Wennol | Negative 50.8% 515
Option 3(b) | As 2 plus Hafren, Maes y Wennol 6.1% 48.1% 1,198
Option 3(c) | As 2 plus Hafren, Maes y Wennol | Negative 23.9% 2,006
Option 4(a) | As 3 plus Bodlondeb Negative 52.6% 529
Option 4(b) | As 3 plus Bodlondeb 4.4% 49.8% 1,230
Option 4(c) | As 3 plus Bodlondeb Negative 24.6% 2,049
Option 5(a) | As 4 plus town centre Negative 53.4% 535
Option 5(b) | As 4 plus town centre 3.6% 50.9% 1,249
Option 5(c) | As 4 plus town centre Negative 25.8% 2,117

Option 3(b) is the best performer from a financial point of view, with other options
using the same gasifier technology showing slightly less promise. The other
technologies show no possibility of financial viability at all. The ORC system suffers
financially as only a small proportion of the heat is used. This leads to a low CHP
Quality Index and hence only one ROC per MWh generated, greatly reducing project

income.

A rate of return of 6.1% is not an attractive proposition for any investor. It was
therefore decided to model certain variations on the best options to see if a viable
project might arise.

8.2 Analysis with two gasifiers

Here we have analysed the option of a installing a two gasifier generation system,
with an electrical output of 500 kW, to supply heat to options 2, 3 and 4. The results
are as follows:

Overall CO2
Option Heat loads IRR Efficiency | saved (t)
Option 2(d) | Schools and Leisure Centre 10.2% 33.8% 1,868
Option 3(d) | As 2 plus Hafren, Maes y Wennol 10.5% 38.8% 2,052
Option 4(d) | As 3 plus Bodlondeb 9.2% 39.9% 2,093

The IRR is rather more attractive for these scenarios, although still lower than one
would hope for.

Option 2(d) does not use enough heat to qualify as Good Quality CHP. As a gasifier
system, this does not affect ROC eligibility, but it could affect other economic benefits
as well as the credibility of the project.
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As the IRR is still only mildly attractive, we have modelled a few variations on the
best option to determine what would have to change to make it a bankable project.

8.3 Variations on Option 3 with two gasifiers

Variation IRR

50% grant for CHP plant and heat main 13.2%
Selling 300 MWh electricity per year to Hafren at 7p/kWh 11.2%
Selling all output, including ROCs and LECs for £110/MWh 13.3%
Buying all wood fuel at £25/odt (£39 chipped and delivered) 12.5%
30% of capital borrowed from Carbon Trust, repaid over 5 years 14.2%
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9 Environmental Analysis

The key environmental benefit of a biomass-fired CHP scheme is in the CO, and
other emissions avoided through displacing the fossil fuels that would otherwise be
used for heating buildings and for generating electricity. Other possible benefits
include a potential reduction in the distance travelled by biomass carrying vehicles,
with associated carbon and other benefits, and potential environmental
improvements at the point of biomass production, through increased biodiversity,
reduction of chemical inputs etc.

Possible disbenefits include emissions from combustion of the biomass, noise and
other disturbance caused by the CHP plant, disturbance during construction,
leachate and fungal spores from wood chip storage sites, and the potential for an
increase, rather than a decrease, in road miles and biomass production issues.

9.1 CO, savings

The projected CO, savings for each project option have been given in section 8.1
above. The financially most attractive options show CO, savings of over 2000
tonnes per year. These figures use standard government figures for the CO,
emissions associated with mains electricity use, and assume that all heat users were
previously using mains gas with a seasonal boiler efficiency of 75%. Electricity used
to operate the CHP plant and to pump water round the district heating circuit has
been taken into account.

9.2 Fuel delivery CO ,

We can assume that fuel for this plant will be collected within a relatively small
radius, with an average delivery distance of 20 km, or 40 km for the round trip. This
equates to about 5 kg CO, per odt of fuel, or 15 tonnes per year of CO, emissions for
the double gasifier option.

Thus in the worst case scenario, where the Llanidloes project buys all its biomass
from sources where it would otherwise not have been taken anywhere, the additional
CO, emissions from fuel haulage are less than 1% of the CO, saved. In practice,
some at least of the biomass would have otherwise been taken to Chirk or Shotton.

If all the fuel would otherwise have gone to these locations, the CHP plant would lead
to an additional reduction in CO, emissions of up to 40 tonnes per year, as well as all
the other benefits from having fewer lorries on the roads.

9.3 Biomass production issues

In practice, the fuel for this project is expected to come from co-products from
conventional forestry, and its use is unlikely to have any impact, positive or negative,
on the ecology of the forest. Should some fuel be taken from broadleaf woodland,
then this additional income stream could have the effect of encouraging woodland
owners to bring previously unmanaged woodland into management, with significant
ecological benefits. However, there is little evidence that the existence of a wood
fuel market ever has sufficient impact to bring about woodland management that
would not otherwise have taken place (Horne and MacDermott, Review of the WEBS
Grant Scheme and Recommendations for Future Support, 2007).

If energy crops were to be grown for use in the CHP plant, then the environmental

impacts of willow SRC and Miscanthus production need to be compared with the
agricultural regime they are replacing. Both SRC and Miscanthus production does
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require some chemical input, but quantities are far lower than most conventional
agricultural regimes over the crop’s lifetime. In Mid Wales, it is likely that energy
crops would displace lowland pasture and, provided areas of unimproved pasture are
avoided, the energy crop is likely to lead to an increase in biodiversity, with SRC
possibly having the edge over Miscanthus.

9.4 Emissions from the CHP plant

Emissions from wood fired CHP plants are extremely low in comparison with other
energy production methods. Combustion temperatures are relatively low, leading to
relatively low NOx emissions, and wood is extremely low in sulphur and other
minerals, leading to extremely low emissions of SOx and other pollutants. Other
forms of biomass are prone to higher mineral content, and so more care has to be
taken to ensure the best control of emissions, but pollution is generally a fraction of
that produced by oil, coal or conventional electricity production.

Soot and smoke are virtually unheard of in a CHP plant. There may on occasion be
a visible plume of water vapour, but this is not indicative of any harmful emissions.

9.5 Operation of the CHP plant

All CHP technologies emit noise. Fuel feed mechanisms operate intermittently, and
various fans and pumps, as well as the turbine or engine and the combustion
process, will carry on continuously. Much can be done to soundproof the installation,
making it less noisy than most equivalent standby diesel generators. However, it is
sensible to site the plant some distance from the nearest residence, especially if the
residents have no involvement in or benefit from the scheme.

There will also be disturbance in the form of fuel deliveries. The scale and frequency
of these will depend on the project size, and the fuel storage and processing
strategy.

A CHP plant is relatively large, and the visual impact of the structure should not be
underestimated. Planning permission will be required, and visual impact will be a
significant factor in that process.

9.6 Disruption during construction

Installation of the CHP unit is a relatively low key affair, with most or all of the system
arriving ready assembled. Most of the construction impact will be in preparing a
concrete slab and building a structure to house the unit and any on site fuel storage.

Installation of the heat main is also relatively low key as long as the pipework runs
through soft ground with no paths or roads. A simple trench is du, the pipework laid,
and the trench is refilled and made good. Laying in tarmac areas is a slower
process, and where this includes laying across or along roads or pathways, the
inconvenience to pedestrians and road users can be significant. However, the
construction period is short, and there should be no need to re-excavate for repairs
within the project lifetime.

Connection to individuals buildings is a very quick and simple affair, with the

exception of properties currently without radiator heating systems. Here, installation
of the radiators will cause disruption for a few days.
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9.7 Chip storage

If wood chip is stored uncovered out of doors, drainage from the storage is site is
likely to become contaminated with leachate, which could damage the ecosystems of
local streams. Also, if chip is stored in a wet state (greater than 40% moisture
content) for an extended period, there is a damage of a build up of fungal spores,
which could prove harmful to staff handling the fuel.

In a sensible fuel handling strategy, timber will be stored and air dried in the round,
chipped at 35% moisture content, and then stored undercover until use. This
strategy ensures the best possible fuel chip quality, and maintains the maximum
calorific value. It also avoids both of the potential hazards described above.

9.8 Environmental Summary
Provided the CHP plant is sensibly sited to avoid unnecessary disturbance, and the
system is built and operated effectively, any environmental disbenefits will be

minimised effectively, and will therefore do nothing to undermine the undeniable
benefits from carbon dioxide displacement.
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10 Conclusions and Recommendations
10.1 General Conclusions

On the basis of the figures available, there would appear to be only one technology
that offers a chance of viable operation given the nature of the major heat loads in
Llanidloes — the downdraught gasifier. There is no need for LLES to decide on
technology at this stage, but should further steps be taken to develop a project it
would be advisable to phrase the tender such that companies offering this technology
are available to bid, otherwise there is a real risk of receiving no bids.

It would appear that a system based at or near Lower Glandulas Farm, and supplying
heat to the Leisure Centre and schools, offers the most promising option based on
financial return and simplicity of operation. Extending the scheme to include Hafren
Furnishers and Maes y Wennol has minimal effect on the economics, increases
complexity, but also increases environmental and social benefits, with a 10%
increase in CO; savings.

Increasing the scheme to include Bodlondeb, and then further to include buildings in
the centre of town, reduces financial performance somewhat, suggesting that these
options should only be considered if a good level of funding is available specifically to
support the extension. The community benefits may be significant, but the additional
environmental benefits are small, with less than 5% additional CO, savings from
including all the buildings.

The scheme to heat the hospital does not look particularly attractive from a
commercial point of view, even without taking account of the hospital’s uncertain
future and its consequent reliability as a customer.

The most promising options show an IRR of 10.5%. This is not a highly attractive
rate as a basis for attracting investment. However, it does form a basis for
developing the project model further, with a view to generating investment
opportunities with a higher rate of return. Factors that might improve the rate of
return include:
Selling electricity direct to a large private customer
Negotiating a good rate for sale of electricity, ROCs and/or LECs
Obtaining better prices and/or performance figures for the CHP plant
Securing a cheap supply of biomass
Obtaining additional grant support over and above the levels assumed here
Borrowing some of the capital as a Carbon Trust Interest Free 5 year loan, so
increasing the return on the remainder of the investment once the loan is paid
off

This last option appears, on the face of it, to offer the best and simplest improvement.
However, using borrowing to increase return on investment is standard procedure in
project financing. It does lead to increased returns but it also leads to increased risk
for the key investors. Increased risks require increased returns to attract funders,
and so fundability is not necessarily increased by this option.

With respect to the Carbon Trust specifically, the lender shares more of the risk than
with a conventional lender, and so the key barrier will be obtaining agreement from
the Carbon Trust for a loan when it is not clear that their five year payback criterion
can be met.
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Regarding the other options, the figures used in the original assessment are our best
estimate of what is achievable. While it is possible that some figures will turn out
more promising than our estimates, it is just as likely that figures will turn out less
promising. It is important to maintain sufficient detachment to assess the likely
viability before proceeding. Given the project’'s apparent marginal viability, LLES
may decide not to proceed. If the project is taken further, those managing the project
must be prepared to pull out of the scheme at any stage if unpromising figures arise.

10.2 Recommendations for taking the project further

If LLES are interested in taking the project forward on the basis of these conclusions,
we would recommend the following actions be taken. Most can be developed in
parallel, and will need to be if project development time is to be minimised.

Develop and issue a tender request for a single contract for the supply,
installation, and commissioning of a wood fired CHP plant of between 350
and 600 kWe, with associated district heating scheme to serve the Leisure
Centre and schools, with an additional price for extending the heat main to
include Hafren and Maes y Wennol. (See Appendix 3)

Approach Powys County Council, Hafren Furnishers and BUPA with a formal
request to discuss options and, if appropriate, possible contract terms for
supply of heat.

Register the project with the Wood Energy Business Scheme.

Approach other possible sources of grant funding.

Approach the Carbon Trust for initial discussions regarding an interest free
loan.

Contact the Renewable Energy Investment Club regarding options for local
ownership of the scheme.

Advertise for expressions of interest to provide chipped wood fuel to the plant
and to operate the plant (actual tendering for contract will not be possible until
the fuel specification is available from the CHP supplier).

Approach the farmer at Lower Glandulas Farm, and Powys County Council,
to establish interest in and possible terms for use of land for the plant and
district heating system, and for interest in day to day operation of the plant.
Contact utilities to discuss options for contracts to buy electricity, ROCs and
LECs produced.
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