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EXECUTIVE SUMMARY

This study was commissioned in 2010 by the community group Sustainable Clonakilty with the
objective to develop a Renewable Energy Roadmap towards energy neutrality by 2020 for the
Clonakilty District. The study was part-funded by the West Cork Development Partnership and carried
out on behalf of Sustainable Clonakilty by Delap & Waller EcoCo. Although the study is primarily
about community-scale renewable energy projects, the study provides an overall sustainable energy
strategy which also encompasses energy demand reduction and individual renewable energy
systems. Energy neutrality in the framework of the Roadmap is achieved when the renewable energy
produced within the study area is equivalent to energy demand.

The key findings of the study are:

9 Current energy demand in the Clonakilty district was estimated at 216 GWh/year, 50% of which
is for heating, 30% for transport and 20% for electricity;

9 Total annual energy expenditure in the study area was estimated at over 23 million euro, the
vast majority being lost to the local economy;

9 An energy demand reduction target of 30% by 2020 would result in a cumulative saving of 42
million euro by 2020 (c. 9000 euro per household) and an intensive energy efficiency campaign
should be set as a key priority for the roadmap;

1 An analysis of the renewable energy resources accessible to the study area reveals that they
could potentially cover up to 7 times the current energy demand and c.10 times the energy
demand forecasted for 2020;
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Figure 1: Summary of the potential for renewable energy sources for the Clonakilty district.

1 This renewable energy resource assessment indicates that the RE Roadmap should focus on:
o using wood fuels sourced from forestry and wood processing within a 50 km perimeter
around Clonakilty to produce heat and power, and gradually move towards locally produced
energy crops such as willow and miscanthus;
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0 using organic waste and grass silage available in the area to produce biogas, which in turn
can be used for producing heat, electricity and also as a transport fuel,

0 harnessing the significant potential for wind energy to produce electricity;

o complementing the renewable energy mix with solar energy to produce heat and power.

1 A life-cycle cost analysis of sample projects based on heat-only and CHP bioenergy
technologies indicates that their financial viability is highly dependent on the availability of low-
cost primary fuels, long operating hours, the realisation of economies of scale, and on-site heat
usage. The life-cycle cost analysis of a typical wind farm projects shows an attractive return on
investment on account of the good wind speeds prevailing in the area. Solar PV and solar
thermal projects can achieve a suitable return on investment provided significant economies of
scale are achieved and that their output is used on site.

Internal Rate of Return

Solar thermal DH

Solar PV (50 kW

Solar PV (1 MW,

Wind offshore (70 MW)
Wind onshore (4.5 MWe)
Wood CHP (1.5 MWe
Biomass pyrolysis (1100 kWe 17%
Biomass heating (150 kWth
Biomass heating (2.5 MWth
AD 220 kWe CHP cligestion 18%

AD 220 kWe CHP gra:

AD 70 kWe CHP slurr 16%

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%

Comparison of Internal Rate of Return of individual RE projects
with energy output used on site

1 Two approaches of renewable energy distribution through district energy networks within the
four urban centres in the Clonakilty district (Clonakilty town, Timoleague, Courtmacsherry,
Rosscarbery) were assessed: district heating and micro-gas networks. In each approach, it was
assumed that these networks would service 70% of the urban heating demand.

9 The total investment required for district heating networks in the four urban centres was
estimated at ¢.9 million euro, resulting in a unit cost of heat delivery of 5 cents/kwWh (including
O&M costs). Together with renewable heat production costs, the district heating approach would
deliver heat at an average unit cost of 13 cents i compared to ¢.10 cents for heat produced by oll
boilers at current oil prices.

1 The micro-gas network approach was only deemed feasible for Clonakilty. It would supply
biogas produced with anaerobic digestion plants and would be connected to the national gas grid
at Ballineen. The investment required for this network as estimated at 7.3 million euro. When
adding biogas production and distribution costs, the unit cost of biogas at user point would
amount to between 6 and 12 cents/kWh depending on the cost of the feedstock used. This
compares to the current cost of heating oil of 7 cents/kWh and of 5 cents for natural gas.

1 Based on this analysis and using current prices, the cost of renewable heat and biogas delivered
by district energy networks would have to be reduced significantly to become sufficiently
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competitive with individual oil central heating. This would require an overall reduction of the
investment burden of over 50%, through a combination of subsidy and transfer of ownership of
network elements (those at connection point) to customers.

1 However, a more plausible development would be that oil prices continue to rise by an average
inflation rate of at least 5% per year. At this rate, networked renewable heat/biogas systems
would become viable by 2020.

1 When upgraded, biogas would offer a cheaper alternative to diesel and petrol as transport fuels
(grass-based biogas is at break-even point) and we have assumed that biogas would achieve a
20% share of the transport energy demand by 2020.

1 Two scenarios of future overall renewable energy mix were developed on the basis of achieving
energy neutrality by 2020: study area, namely:

0 Scenario 17 RES-DH: all four urban centres are serviced by district heating networks
which deliver renewable heat produced by a combination of bioenergy and solar thermal
plants (heating only and CHP). Heat demand outside of district networks would be met by
individual renewable heating systems. This scenario also foresees that 10% of transport
energy demand would be met by electricity. The balance in energy demand (100%
electricity and 90% of transport) would be produced by renewable electricity systems,
stand-alone (mostly wind) or embedded in the district networks (through CHP).

0 Scenario 2: RES-GAS: Clonakilty town is serviced by a gas micro-network delivering
biogas produced by anaerobic digestion, and the 3 other urban centres are serviced by
district heating as per scenario 1. Heat demand outside of district networks would be met
by individual renewable heating systems. This scenarios foresees a 20% shift to biogas
and 10% shift to electricity for transport. The balance in energy demand would be
produced by renewable electricity systems.

The following tables present a summary of key estimates for both scenarios:

Scenario 1: RES-DH Scenario 2: RES-GAS
RE Produced 167 GWhlyear 166.7 GWhlyear
Total Investment 0 22 million G 108 million
Net Present Value U 43 million G 20.5 million
Jobs creation 345 full-time equivalent 363 full-time equivalent
CO, emissions avoided 71 thousand tonnes/year 68.8 thousand tonnes/year

1 Both scenarios are relatively similar from a financial, environmental and socio-economic point-
of-view. However they would vary considerably in the nature of the biomass feedstock they
would rely on, and in both cases would require significant adaptation in agricultural practices and
land use.
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1 In both scenarios, wind energy would play a major role towards achieving energy neutrality by
harnessing 30% of the potential onshore resource identified.

1 Scenario 2 offers a number of significant advantages including tapping into an industry and
technology well-established in Ireland and using affordable biomass feedstock readily available
within the study area. Connecting to the national gas network would enable a rapid switch to a
cleaner heating fuel and a gradual build-up of local biogas production capacity. However, a
voluntary policy environment would be required to support such a scenario, notably a legal
requirement for a minimum percentage of biogas within the national gas distribution network and
the introduction of attractive feed-in tariffs for biogas.

1 An Energy Service Company whose shareholding would be composed of key stakeholders
within the community should be established to own and operate the district energy networks, and
possibly a number of renewable energy plants.

1 Funding the implementation of the RE Roadmap will require pooling of finance from various
sources, including national and European public subsidies as well as private equity and loans
from private institutions and public banks such as the European Investment Bank.

1 This study has put together a body of knowledge and dynamic tools that should help understand
the impact of key factors on the roadmap, and refine, update and adapt it along the journey
towards energy neutrality. An outline, tentative action plan for the implementation of the RE
Roadmap, presented next page, gives an indication of how this journey might look.

1 The benefits of implementing the RE Roadmap will be outstanding. Energy demand reduction
will generate over 40 million euro in savings which would normally be lost to the local economy
andnowcanber ei nvested into the communityds own
excess of 80 million euro in this infrastructure (community-scale renewable energy production
and distribution systems) would provide a return on investment of circa 25 million euro over a
period of 20 years and support the creation of in excess of 360 jobs. The Roadmap will position
the Clonakilty district as a hub of ecotourism and a centre of excellence in community-based,
bottom-up sustainable energy development.
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INTRODUCTION TO THE STUDY
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This study was commissioned by Sustclon Ltd and funded by the West Cork Development
Partnership Ltd and Sustclon Ltd (90% and 10% respectively). The objectives of the study are to
develop a Renewable Energy Roadmap for the Clonakilty District with a strategy to become energy
neutral by 2020 through renewable energy. Although the study is primarily about community-scale
projects i.e. those servicing more than one user with renewable energy, the study provides an outline
of the overall renewable energy and energy efficiency strategy to achieve the energy neutrality target.

The first step of the study is to analyse the current energy demand in the study area and forecast the
future energy demand in 2020 on the basis of energy saving targets for each energy usage and
sector. This analysis, which sets the objectives in terms of renewable energy supply to achieve
energy neutrality by 2020, is presented in CHAPTER I:

The second step of the study is to investigate the renewable energy resources available in the study
area and to esti mat e (primaryenergytesurde aviailakdelwihoyt aconsidaringi a |
non-technical constraints). This analysis is presented in CHAPTER II: .

Thirdly, the renewable energy technologies deemed appropriate to harness the resources identified
above are assessed and their technical and financial feasibility is established on the basis of
analysing sample projects. This analysis is presented in CHAPTER Ill;

In CHAPTER IV: we review the relevant options of energy networks suitable for the distribution of
renewable energy from producers to users in high density areas, namely district heating and biogas
distribution networks. In addition to assessing their technical and financial viability, we discuss the role
of energy service companies in operating and managing these networks.

In CHAPTER V: we develop a number of scenarios of renewable energy supply for the study area
which can lead to energy neutrality. For each scenario, we analyse the resulting energy mix, we
estimate the required investment, as well as the socio-economic and environmental benefits of
implementing these scenarios.

Finally, we review ownership options for the renewable energy projects proposed and recommend
organisational structures deemed appropriate for the implementation of the roadmap. CHAPTER VI:
also looks at financing options and funding sources to support investment for the roadmap.

A number of models were developed to support the analysis carried out as part of the study. These
models are dynamic tools which can evolve and continue supporting the definition of the RE
Roadmap for Clonakilty and other communities.
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CHAPTER I
Energy Demand Scenario in the Study Area
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1 Introduction

In this chapter, we will assess the current energy demand in the study area on the basis of the data
compiled by Sustainable Clonakilty through its energy audits of households and businesses. We will
broadly group them under key types of energy usage: heating, electricity and transport. We will then
forecast what this energy demand will be in 2020, taking broad assumptions as to the energy
reduction targets to be achieved. Please note that a detailed analysis of energy demand is outside the
scope of this study, however it is an important first step in understanding how energy is used, how
much can be reduced and to quantify the amount of renewable energy to be produced to achieve
energy neutrality. Paramount to the success of the RE Roadmap will be to implement a robust and
ambitious energy use reduction plan as a matter of priority, since it is generally much more cost-
effective to save energy than to produce it from renewable energy sources. Elaborating a detailed
energy reduction plan should be a priority for the study area and, while it is outside of the scope of
this study, we have proposed an outline strategy and vehicle to drive an energy efficiency campaign
through the model of the Energy Efficiency Trust.

2 Current Energy Demand

The current energy demand has been assessed on the basis of the energy audit carried out by

Sustainable Clonakilty among households and businesses within the town. We have extrapolated the

energy usage data received from the group to all households and businesses within the study area on

the basis of census data for households (CSO, 2006) and a detailed listing of businesses within the

area. While energy consumption data obtained by Sustainable Clonakilty would generally cover 2009,

wehaveass umed t hat there wouldndét be a significant chanc
used to estimate the energy demand in 2010. Table 1: Estimated Energy Demand within the area in

2010, per sector and per electoral division below outlines the current energy demand within the area,

per sector (households and businesses), per energy usage (heat, electricity, transport) and per

electoral division.

With regard to heat, it appears that fuel usage data from the Sustainable Clonakilty audit in the
residential sector is rather low: c. 15,750 kWh/year in Clonakilty town and 15,050 kWh/year per
household, or 20 to 25% less than the national average of 19,713 kWh/year in 2006 (SEAI, 2008). It is
also surprising that heating fuel usage in Clonakilty town is higher than in rural areas as houses in the
countryside are generally larger.

The total energy demand is estimated at 216 GWh per annum for the whole area and for all types of
energy usage. Figure 2 : Distribution of energy usage between energy functions. below shows how
this is distributed among thermal energy, electricity and transport, with the split between domestic and
business energy demand. Thermal energy (heat) represents close to 50% of final energy
consumption in the study area, after transport fuels (30%) and electricity (20%).

Domestic

Tramsport
Heat

Clectricity
50.000 100.000 150 000 200.000 250,000

Total Energy unage (MWH/year)

Figure 2 : Distribution of energy usage between energy functions.
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Figure 3 below shows how energy usage is distributed among the domestic and business sector, and
the distribution between rural and urban electoral divisions. It shows the predominance of energy
usage in the domestic sector and in rural areas over the business sector and the urban areas
respectively. This has very important implications for the potential contribution of renewable energy
demand through district energy networks such as district heating or gas distribution networks (see
CHAPTER IV:, p. 90) since these are only economically viable in areas of high density thermal
energy demand. Please note that the electoral divisions of Clonakilty, Timoleague, Courtmacsherry
and Rosscarberry are taken as urban (high density of dwellings and businesses premises) and all the
others electoral divisions are considered rural (dispersed dwellings and businesses). In our
assessment of district energy networks, we will assume that 70% of households and businesses in
urban electoral divisions are serviced by these networks. This is considered a suitable level of uptake
necessary to avoid the risk of underutilised and oversized district energy network infrastructure,
resulting in poor return on investment. This assumption was taken on the basis of a review of network
development policy by Bord Gais (Gaslink, 2010), sensitivity analysis of district heating uptake in the
UK (Poyry Energy Consulting, 2009), and considering that urban electoral divisions also include
dispersed residential and business units with a prohibitive cost of network connection.

Rurad Uran

Total

Businesses

Domc""‘ _

50,000 100,000 150,000 200,000 250,000

Total Energy usage |MWh/year)
Figure 3 : Energy usage by sector and slit between urban and rural electoral divisions
The total energy-related CO, emissions have been estimated at 73,520 tonnes per year for the whole
study area, with over 40% related to heating, 35% for electricity and the remaining 25% for transport.

This is based on specific CO, emission factors for the different fuels and electricity utilised in
Clonakilty, as published by SEAI (2010).

3 Energy Demand in 2020

The following scenario planning undertaken hereafter assumes that energy demand will be reduced
by 30% within the next 10 years. This is a relatively conservative projection, in line with the Irish

gover nmanmtged with the publ iucdiongaegettontairted witBirBté Nationalr g y

Energy Efficiency Action Plan 2009-2020 (DCMNR, 2010). Energy efficiency is an essential step
towards achieving the goal of energy neutrality and should be considered as a priority to lay stable
foundations for the development and implementation of the RE Roadmap. It is however a very
challenging objective which will require a robust strategy, significant investment and technological
development. Behavioural change will also have a very important role to play and the work of
Sustainable Clonakilty, schools, other community groups and agencies will be essential in this area.

Figure 4 below indicates key areas for energy savings by sector as identified in the national action
plan. It is clear that the residential sector offers the highest potential for energy saving, and within that
sector the potential to reduce energy demand for space heating and domestic hot water is the most
important. The SEAI Home Energy Saving scheme tackles heating as a priority (see www.seai.ie for

detail s) . Research by DWEcoCo indicates that an

house can reduce heating consumption by up to 60%, providing a return on investment of ¢.11% and
a simple payback time of 13 years.The national energy efficiency action plan also indicates that for
every million euro invested in cost-effective energy measures, 5 to 6 million euro of benefits to the
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economy are generated. It is also essential that the heat demand reduction process is undertaken
before buildings are switched to district thermal energy networks (district heating or biogas networks)
so that these networks can be sized appropriately and do not face a significant reduction in revenue
due to less heat usage than anticipated.

Given the current energy expenditure in Clonakilty has been estimated at 23 million euro at current

energy prices (August 2010), it is anticipated that the overall 30% energy demand reduction process

will generateatot al saving of over 42 million euro by 2020. T
household in the study area.
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Figure 4: Economic Efficiency Savings Potential by Sector and by Technology. (DCMNR, 2010) *

The figure below indicates the extent of energy demand reduction to be achieved: 65 GWh/yr over the
next 10 years.
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Figure 5: Scenario of energy demand 2010-2020

We would recommend setting up an Energy Efficiency Trust for the Clonakilty district. The Energy
Efficiency Trust would be a 6not for profitd organi sa
www.veic.org ) to provide services which support and facilitate cost effective retrofits of the existing

building stock in Clonakilty. This organisation would help to remove the barriers to retrofitting by

providing trusted reliable information on the costs and benefits of retrofitting. The Trust would provide

accurate estimates of energy savings, reduce the transaction costs of retrofit assessments and

'The term 6commercial 6 covers the services sector (pu
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guotations, develop innovative financing options, provide quality assurance inspections, guarantees

and lists of reputable contractors.

Further details on the proposed Energy Efficiency Trust are given in Annex 1.
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Table 1: Estimated Energy Demand within the area in 2010, per sector and per electoral division
Residential Businesses Total
Electricity Heat Transport Total Electricity Heat Transport Total Electricity Heat Transport Total

Electoral Division # businesses MWh/yr MWh/yr MWh/yr MWh/yr # businesses MWh/yr MWh/yr MWh/yr MWh/yr MWh/yr MWh/yr MWh/yr MWh/yr

001 Clonakilty Urban 1,295 5,599 20,386 7,936 33,920 233 12,732 18,033 8,284 39,049 18,330 38,419 16,220 72,969
054 Abbeymahon 207 810 3,115 2,270 6,195 16 1,301 856 439 2,597 2,111 3,971 2,709 8,792
055 Ardfield 220 861 3,311 2,412 6,584 6 393 520 203 1,116 1,254 3,831 2,616 7,701
056 Argideen 109 427 1,640 1,195 3,262 5 57 39 28 124 483 1,680 1,223 3,386
057 Butlerstown 131 513 1,971 1,436 3,921 9 1,983 857 3,163 6,003 2,496 2,828 4,599 9,924
058 Cahermore 122 478 1,836 1,338 3,651 2 56 102 71 228 533 1,938 1,409 3,880
059 Castleventry 79 309 1,189 866 2,364 3 34 24 17 74 343 1,213 883 2,439
060 Clonakilty Rural 468 1,832 7,043 5,132 14,007 41 2,938 4,147 1,777 8,862 4,769 11,191 6,909 22,869
061 Coolcraheen 208 814 3,130 2,281 6,225 13 2,160 1,220 3,475 6,855 2,974 4,350 5,756 13,080
062 Courtmacsherry 198 856 3,117 1,213 5,186 14 590 840 428 1,858 1,446 3,957 1,641 7,044
063 Derry 153 599 2,303 1,678 4,579 3 520 109 7 707 1,119 2,412 1,755 5,286
064 Kilkerranmore 159 622 2,393 1,744 4,759 13 279 446 313 1,037 901 2,838 2,056 5,796
065 Kilmaloda East 92 360 1,385 1,009 2,753 1 44 94 66 204 404 1,478 1,074 2,957
066 Kilmaloda West 65 254 978 713 1,945 7 79 55 39 173 334 1,033 752 2,119
067 Kilmoylerane 84 329 1,264 921 2,514 1 44 94 66 204 373 1,358 987 2,718
068 Kilnagross 177 693 2,664 1,941 5,297 16 214 212 149 575 907 2,876 2,090 5,872
069 Knocks 95 372 1,430 1,042 2,843 4 45 32 22 99 417 1,461 1,064 2,942
070 Rathbarry 169 661 2,543 1,853 5,058 15 301 461 324 1,086 963 3,005 2,177 6,144
071 Rosscarbery 330 1,427 5,195 2,022 8,644 31 906 1,318 763 2,987 2,333 6,512 2,785 11,631
072 Rossmore 97 380 1,460 1,064 2,903 6 101 133 94 327 480 1,593 1,157 3,230
073 Templeomalus 225 881 3,386 2,467 6,734 5 89 125 88 303 970 3,511 2,555 7,037
074 Timoleague 221 955 3,479 1,354 5,789 32 691 1,110 779 2,580 1,646 4,589 2,133 8,369
TOTAL 4,904 20,031 75,217 43,887 139,136 476 25,556 30,827 20,663 77,047 45,587 106,045 64,551 216,183
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CHAPTER II:
Potential Analysis of the Renewable Energy Resource
within the Study Area
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1 Introduction

This part of the study looks at the renewable energy potential within the area. This assessment looks
at all the renewable energy resources with a practical potential to contribute to the objective of energy
neutrality. While renewable energy covers a wide range of natural resources, we will focus on those
for which energy technologies are readily available or are considered sufficiently developed to start
making a contribution by 2020. In this context we will be assessing bioenergy, wind energy, solar
energy, ocean energy and geothermal energy.

2 Bioenergy - Energy Crops
2.1 Introduction

2.1.1 Land usein the area of interest

The total farmed area in the study area is 27,650 ha (CSO, 2000 census). The great majority of that

land (86%) is under livestock for grazing. Agricultural land use has little changed over the last 50

years (SEI, 2004) and it is unlikely that a significant increase in arable land area will take place in the

future. This has been confirmed by Teagascds | ocal ad
intensity and a demand for grazing in that sector that will at least remain stable if not increase, more

than likely at the expense of grazing under dry livestock (c.30% of farms). We therefore consider that

energy crops growing will take place on existing tillage land. Farmed land in the area is generally

considered as having a good arable status (type Al), and is capable of high yields for cereals and

other crops such as potatoes, beet, etc.

2.1.2 Miscanthus

Miscanthus is a high-yielding perennial, rhizomatous
grass with lignified stems resembling bamboo. Once
established (typically requires 2-3 years) miscanthus can
remain in situ for at least fifteen years. Miscanthus is
planted in spring and harvested over the winter and
early spring months. In excess of 2,000 ha have been
planted in Ireland since 2007 under the Bioenergy
Scheme.

The crop is growing throughout the country on a wide
range of soils, from sands to high organic matter soils.
Harvestable yields vary on average between 12 and 16
t/ha,year.

Figure 6: 2 year old miscanthus plantation in
Ballinspittle, West Cork, with owner Brian Hayes
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Short Rotation Coppice (willow) is a fast
growing species that can be grown to produce
woodchip for heat and power generation over
a 3- to 4-year cycle for up to 20-25 years.

2.1.3 Short Rotation Coppice (willow and/or poplar)

First year growth is normally cut-back to
encourage the multiplication of shoots, and
then full harvest typically takes place every 3
to 4 years. Harvesting is carried out from
November to the end of February, when
foliage is absent and stem moisture content is
at its lowest (approximately 55%).

The crop is capable of yielding 10 to 12 oven-dry tonnes of biomass per hectare per annum on good
sites, but it is expected that new clones will yield 12-14 OD tonnes/ha,year (B CASLIN, 2010). 360 ha
have been planted under the Bioenergy Scheme. The application of wastewater or wastewater
treatment sludge to a short rotation coppice stand can increase average yields by up to 30%, by
increasing the availability of nutrients and water to the plantation i two growth factors to which willow
responds very well. This is referred to as biofiltration or bioremediation. It has attracted a lot of
attention in recent years as an effective system to treat wastewater and other effluents, which
provides additional income to growers through gate fees and increase yields.

2.1.4 Grass silage

Silage is forage biomass harvested and fermented for use as winter fodder for cattle and sheep.
Grass silage is harvested in the summer and stored anaerobically in a silage clamp under plastic
sheeting, or in a silo. Although silage is primarily produced as a feed, excess production can also be
suitable as a biomass.

Moisture content is high, typically 60-75%, and so it is not efficient to burn it, however it may be used
as feedstock for anaerobic digestion.

Maize silage can yield between 200 i 300 Nm3 (volume at Normal temperature & pressure
conditions®) of biogas per tonne of silage. Fresh grass silage can yield between 250 1 350 Nm3 of
biogas per tonne.

2.1.5 Oil seed rape

Oil seed rape is an annual plant whose seeds are
pressed to produce oil. Oil seed rape is grown on a
rotational basis, typically one year in four. Current yields
of rapeseed are about 3.5 tonnes per ha per year for
spring sown rape up to 4 tonnes/ha,year for winter sown
rape (SEAI, 2004). Approximately 450 litres of oil are
extractable from a tonne of rapeseeds (D. Rutz, 2008).
Rape seed oil for energy is generally used for the
production of liquid fuel for transport, with minimal
processing as pure plant oil (PPO) in modified diesel
engines, or as biodiesel after esterification.

2 Nm3: normal pressure is generally assumed to be 1 atm while normal temperature may vary
between industries, we will assume it is a 20 °C.
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2.2 Analysis of potential

2.2.1 Energy Crops

Following interviews with key stakeholders in the agricultural sector, including Teagasc, Barryroe Co-
op and Lissavaird Co-op, we came to the view that the potential to substitute grassland for woody
energy crops was very limited. This is due to the fact that dairy farming is intensifying and grassland is
now at a premium. By comparison, tillage enterprises and in particular cereals are viewed as only
marginally profitable and have scope to be substituted with growing woody energy crops. While there
is a potential within the dry cattle growing sector to substitute grassland for woody energy crops
(farmers at retirement age or part-time farmers), it was felt that this grassland would largely be
absorbed by dairy farmers through leasing or acquisition.

In view of the above, we have assumed that the amount of agricultural land potentially available for

energy crops was equivalent to the area of land under cereals currently i.e. 1260 ha according to the

last agriculture census (CSO, 2000)°. This represents 4.6% of the total area farmed in the study area,

or 70% of the area under crops. We have used annual energy yield data published by Teagasc for
miscanthus and willow SRC of 45.8 MWh/ha,year( Cas |l i n, fAPolicy Targets & Bi 0c¢
12/02/2008) and assuming a full substitution with cereals, this represents a technical potential of

57,800 MWh.

This technica | potenti al from energy crops represents 27% o
demand.

2.2.2 Grass Silage

With regard to grass silage for potential use for biogas production, the agricultural census 2000
indicates that 8941 ha of land were harvested for silage. Using some of this silage for biogas
production would represent a simple option for farmers which would require minimum changes to
current agricultural practices.

We have assumed an annual yield of 15 tonne DS (dry solid) per ha per year based on two silage
cuts per year on regularly reseeded grassland (B.M. Smyth, 2009). The energy value of grass silage
was estimated on the basis that it is for biogas production at a rate of 300 Nm3 methane (CH4) per
tVDS (tonne of volatile solid). We have assumed that 25% of current silage production would be
diverted to energy purposes4. This represents a technical potential of 33,530 tonnes of silage for
biodigestion per year which, assuming that 92% of dry solids are volatile (can be digestate), would
deliver 9.25 million of Nm3 of methane, with an energy equivalent of 92,540 MWh/yr (1 Nm3 of
methane = 10 kWh).

This represents 42% of the study areadés tot al current

2.2.3 Biofuels

For liquid biofuels, we have assumed a 75% extraction efficiency from rapeseed oil content to PPO
(SEAI, 2004). The volume of biodiesel produced out of PPO is equivalent to that of the original PPO.
If we assume that rape will be inserted in the rotation (one in 4 years) of all tillage cultivation within the
area (1950 ha according to CSO, 2000), this represents 660 thousand litres of pure plant oil per year,
with an energy equivalent of 6,300 MWh/year for PPO and 5,970 MWh/year for biodiesel.

This represents 9% of the study ameabds current energy

® The last Agriculture Census was carried out by the CSO in 2000. A new census is currently being
conducted but data wondét be available before the end
of agriculture activity and land usage have remained equal, an assumption backed up by the opinion

of the local Teagascadvi sor Seamus O6Dowd.

* This is equivalent to the ratio of specialist beef production farms to the total farm number.
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2.3 SWOT Analysis
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Strengths:
Agricultural land in the area is highly productive.
Grass is the predominant crop in the area.

Miscanthus is an annual crop, with more stable
cash flow benefit.

Energy crops such as miscanthus and SRC
require minimum inputs and maintenance after
establishment.

There is a growing energy crops industry within
Munster, with about 300 ha of miscanthus
already in place.

Opportunities:

Diverting grass silage to energy requires
minimum adaptation from current agricultural
practices.

Willow SRC can be used as a biofiltration
medium to spread and treat effluent such as
wastewater sludge or AD digestate. This
increases yields and can attract gate fees.

Pressure from Climate Change strategies to
reduce cattle herds, potentially releasing land for
energy crops.

Weaknesses:

Willow SRC has a 2 to 3 year harvest cycle, less
stable cash flow.

Demand for silage as winter fodder for dairy
cattle.

Miscanthus is a slightly corrosive fuel and
requires adapted boilers.

Threats:

Nitrate Directive is creating an increase demand
for land areas to spread animal effluents,
affecting the potential for locking land into
permanent agricultural crops such as willow or

miscanthus.

2.4 Additional References

T Interview with

S e a mu s ad@sb¥D@awata, Cldnakittyy 29 Jdhe 2010a s

1 Central Statistic Office (CSO), 2000. Agricultural census. www.cso.ie

3 Bioenergy i Animal By-products (ABP)

3.1 Introduction

There is a total of 66,558 heads of cattle in the Study area (CSO, 2000). Cattle slurry is captured

when the cattle are housed during the winter and is generally stored under the cattle shed or in

adjacent above or below ground tanks. There is a marginal amount of slurry captured from the milking
parlour. Cattle and cows in particular, are typically
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housed for 12 to 16 weeks during the winter.

Pigs are housed all year round and slurry is therefore
captured and harvestable on an ongoing basis.

Cattle and pig slurry has a low dry matter content at
5-10% depending on the level of dilution with
rainwater or washing water. This slurry is generally
spread on land within the Study area.

There are 8 poultry farms in the area of interest, with
an estimated capacity of ¢.340,000 birds and an
annual output of c. 2.03 million birds (mostly broilers).
Poultry litter is mostly made of fresh manure and

bedding (straw or wood shavings) and is generally quite dry (between 50% and 80% dry matter).
Poultry litter is generally spread on land, but can also be used to produce mushroom composting.
Alternative energy use includes anaerobic digestion or combustion for heat generation.
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3.2 Methodology of Analysis

The number of cattle within the Study area was estimated on the basis of the CSO Agricultural
Census 2000. The amount of slurry harvestable (30% of yearly output) and specific biogas output was
estimated on the basis of coefficient for different types of cattle extracted from the anaerobic digestion
models developed by UCC in 2005 (] Murphy, 2005). The number of pigs was estimated on the basis
of interviews with managers at Barryroe Co-op and Lissavaird Co-op.

The number of birds produced per year was estimated on the basis of interviews with poultry farmers
in the area. Various figures were obtained in terms of specific output of litter, ranging from 1 kg (wet)
per bird during its lifetime to 2 kg (wet) per bird (E. Salminen, 2002) (RPS MCOS, date unspecified).
We also assumed that poultry manure would be used for biogas production to determine its energy
potential. Specific methane yields in literature vary from 72 m3 CH4 per tonne of fresh feedstock (FF)
up to 150 m3 CH4/tFF (E. Salminen, 2002). We have taken an average value of 110 m3 CH4/t FF.

3.3 Potential

A Cattle slurry: 221,911 t FF/yr x 11.7 m3 CH4/t = 2,597,362 m3 CH4/yr or 25,974 MWh energy
equivalent (10 kWh/m3 CH4).

A Pig slurry: 50,190 t FF/yr x 12.96 m3 CH4/t = 650,463 m3 CH4/yr or 6,505 MWh/yr energy
equivalent.

A Poultry manure: 2,058 to 4,056 t FF/yr x and 110 m3 CH4/t FF = 223,080 to 446,160 m3
CH4/yr or 2,231 MWh to 4,462 MWh/yr energy equivalent.

3.4 SWOT Analysis

Strengths: Opportunities:
AD improves the quality of the by-product as a Large quantity of cattle slurry available in the
nutrient source and reduces environmental area.

impact of nutrient application to land. It also
reduces odour nuisance associated with slurry.

Weaknesses: Threats:

The relatively high dilution of slurry as a Nutrient management regulations.
feedstock can be exacerbated by husbandry and
housing construction.

Transport distances become very quickly
prohibitive for slurry.

3.5 Additional References

1 Interview with Tadgh Healy, poultry producer near Clonakilty and anaerobic digestion
specialist.

Tom Knitter, SEAI-REIO. Email July 2010 and SEAI website.
Seamus Ob66Mahony, Dgen Ralryoop @oeop. tinteMawnoa 12 July 2010.

Pat Moriarty, General Manager, Lissavaird Co-op. Interview on 20 July 2010.
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4 Bioenergy 1 Industrial Organic By-products

4.1 Introduction

There are two large slaughterhouse and meat processing facilities within the study area, Staunton
Foods Ltd and Shannon Vale Foods Ltd. Staunton Foods Ltd processes approx 300,000 pigs per year
for pork and bacon primary products. Shannonvale Foods Ltd processes approx 5 million chickens a
year. There are 5 local abattoirs which process about 1300 beef cattle units per year.

4.1.1 Methodology of Analysis

The quantity of slaughterhouse wastes were calculated based on estimates for the meat industry
produced by the United Nations Environment Programme as part of their Cleaner Production
Assessment series (COWI for UNEP and Danish EPA, date unspecified). It was assumed that the
following by-products would be available for energy purposes:

A Poultry: blood, feather, heads, feet, offal, bone meat trims; 740 g per broiler or around 3700 t
FF/yr at Shannonvale Foods Ltd;

A Pigs: blood and miscellaneous (stomach contents, blood loss and other inedible by-products):
5.4 kg per pig or around 1620 t FF/yr at Staunton Foods Ltd;

A Beef cattle: blood and miscellaneous (paunch manure, blood loss and other inedible by-
products): 38 kg per unit or around 49.4 t FF/yr.

We have assumed that all by-products would be treated by anaerobic digestion to determine their
energy potential. We have taken specific potential methane yields figures for each type of by-product
according to (E. Salminen, 2002) and (R. Alvareza, 2008).

In addition, we have estimated the amount of wastewater treatment plant (WWTP) sludge at 29
tDM/yr at Shannonvale Foods Ltd and 44.1 tDM/yr at Staunton Foods Ltd. We have assumed a
specific methane yield of 212 m3 CH4/t DM.

Please note that these figures are based on industry standards and should be checked against
production data from the relevant slaughterhouses and meat processors.

4.1.2 Potential

Poultry slaughterhouse & meat processing plant:
A ABP: 3700t FF x 92.7 m3 CH4/t FF = 342,810 m3 CH4/yr or 3420 MWh/yr energy equivalent
A Wastewater: 6070 m3 CH4/yr or 60.7 MWh/yr

Pig slaughterhouse & meat processing plant:

A ABP: 1620t FF x 118 m3 CH4/t FF = 192,516 m3 CH4/yr or 1925.2 MWh/yr energy
equivalent

A Wastewater: 9338 m3 CH4/yr or 93.4 MWh/yr
Local abattoirs:

A ABP:49.4t FF x 61.7 m3 CH4/t FF = 3,040 m3 CH4/yr or 30.4 MWh/yr energy equivalent.
Total potential from industrial organic by-products: 553,774 m3CH4/yr or 5,530 MWh/yr.
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4.1.3 SWOT Analysis

4
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Strengths:

Very strong local meat industry supporting the
local farming sector.

Opportunities:

Gate fees for disposal of some ABP and food
processing materials.

Agricultural co-ops are shareholders in meat and
food processing plants locally. Positive attitude to
bioenergy.

Weaknesses:

Very demanding licensing requirements

Threats:
Animal by-product and food waste regulations.
Odour emissions from storage of FF and AD

Competing use of ABP for rendering, mink farms,
etc.

Public opinion.

Strict regulatory environment may result in large
guantities of residues from the energy generation
process to be landfilled.

The volume of food industry wastes can fluctuate
significantly with changing economic conditions

4.1.4 References

T Seamus O0J6 Mevdlopment,Mariager, Barryroe Co-op. Interview on 12 July 2010.

5 Bioenergy i Municipal Organic Waste

5.1 Introduction

of the effluent.

Food waste is good feedstock for anaerobic digestion. Food waste from
the business sector is harvestable since the introduction of the food
waste regulation which requires separate collection for food preparing
businesses. Within the residential sector, food waste could become
available if separate bin collection was introduced locally (segregation at
point of processing is unlikely to be viable at such a local scale). Most
schools currently have a policy to send food waste home with pupils but
could be encouraged to contribute to a local AD project as part of their
environmental policy.

Garden waste is generally composted at home and might have a limited
potential in the residential sector if harvested as part of brown bin
collection system or from local civil amenity centres (Clonakilty).
Landscaping waste could also have a limited potential if harvested from
local landscape companies.

There are 3 municipal wastewater treatment plants (WWTP) in existence
or planned within the Study area: Clonakilty,
Timoleague+Courtmacsherry, Rosscarbery+Owenahincha. They treat
wastewater from households and most local businesses. WWTP sludge
is increasingly treated with AD to produce biogas and improve the quality
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5.2 Methodology of Analysis

5.2.1 Food Waste:

The potential of food waste has been estimated for the following sectors:

Primary and secondary schools:

A pupil numbers at schools within the Study area were obtained from the department of

education;

A specific food waste output per pupil taken from (EPA, 2008) and (WRAP, 2008);

Businesses:

A Indicators of food usage were assigned to all businesses within the Study area with a

potential food waste (restaurants, hotels, canteens, bars with food, fast-foods, hospitals,
retirement

(EPA, 2008).

Residential:

A The number of households within the Study area was compiled from the CSO Population

Census 2006;

homes,

et c.

), using

dat a

A Indicators of food waste per household per size of household were taken from [3].

5.2.2 Garden Waste:

The amount of garden waste potentially available from the residential sector was estimated on the

basis of brown bin collection evaluations carried out by WRAP (2009).

5.2.3 WWTP sludge:

We have researched Waste Water Discharge licences applications to the EPA for the three WWTP
planned for the next 5 years within the Study area and estimated their average sludge output for
winter and summer to reflect seasonal variations in population and businesses effluents in the area.

compil ed

WWTP Population equivalent | Population equivalent | Sludge output
Summer (PE) Winter (PE) (tOMiyr)
Clonakilty upgrade 15,000 8,000 338
Timoleague+Courtmacsherry | 4,000 1000 64
Rosscarbery+Owenahincha | 4200 985 67

Please note that there would be an additional limited potential from sludge collected from individual

septic tanks by local contractors.

5.3 Potential
Tonnes/yr m3 CH4 m3 CH4/yr | MWh/yr
Food waste 1,875t FF 33 ItFF 61,879 619
Garden waste 540t FF 123 tFF 66,305 663
WWTP sludge 468.4 t DM 212 /tDM 99,178 992
227,362 2,274
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Food waste and garden waste specific methane yield figures were compiled from Seadi (2008).
WWTP sludge figure taken from Dubrovskis (2010).

5.4 SWOT Analysis

Strengths: Opportunities:

Gate fees for AD to complement revenues from New regulation requiring segregation and

farm-based ABP and increase biogas yields. separate collection of food waste from relevant
businesses.

Improve environmental performance and
economics of local waste management. Increased environmental benefit from AD
compared to composting, with possibility to
integrate both treatment channels.

Secure supply contract
waste collection and treatment activities in the

area.
Weaknesses: Threats:
Disposal of digestate subject to complex Competition from waste operators who can
regulations and limitations endanger revenues (gate fees) and supply chain.

Scale of municipal waste resource is limited locally, | Changes in regulation
impacting on technological options and capital and
O&M costs. Should be considered in a mixed

feedstock facility with agricultural or industrial base.

6 Bioenergy 1 Forestry

6.1 Introduction

There is very little forestry within the Study area (see Figure 7: Map of forestry within the study area.
Source: DWEcoCo Ltd below) and we have extended the area of study to a 50 km radius around
Clonakilty. Forestry thinning in the small diameter assortment (7-13 mm, generally referred to as
pulpwood or stakewood) represents the main potential for wood energy purposes. A certain amount of
the larger diameter assortment (14-19 mm, also referred to as pallet wood) could become available in
areas where transport cost becomes prohibitive to bring it to relevant wood processing centres.

Volume of relevant materials within the perimeter analysed were estimated with the help of Coillte

forestmanagers, using Coilltebs pr odu@020.dhisafalysiséinclumedt model s f
forestry from the following districts and sub-districts which were considered within the zone of

influence of Clonakilty (see Annex 6 with maps of these areas):

A Coillte district S3, sub-districts CK 09,12,16,25
A Coillte district S4, sub-districts CK17,19,21,20,21,22,23,24

It was assumed that both assortments (7-13 mm and 14-19 mm) could potentially be available for
wood energy within district S4 as this area is largely out of reach of the large board mills and transport
costs are prohibitive. For district S3, only the smaller assortment is considered potentially available.

For privately owned forestry, we obtained a GIS dataset for the forest parcels from the forest service
of the DAFF which enabled us to identify and quantify private forestry within the same study perimeter
as Coillteds.
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Figure 7: Map of forestry within the study area. Source: DWEcoCo Ltd

6.2 Methodology of Analysis

It was assumed that both assortments (7-13 mm and 14-19 mm) could potentially be available for
wood energy within district S4 as this area is largely out of reach of the large board mills and transport
cost are prohibitive. For district S3, only the smaller assortment is considered potentially available. We
took an average annual output for the period 2011 to 2020 for these assortments within the study

We used Cofordbs private sect
(Coford, 2009) to estimate the amount of timber

available for energy purposes. The average net

energy assortment output between 2011 and

2020 was estimated by Coford at 39,050 m3 per

year for Cork County. Assuming that private

forestry within the study area is about 70% of the

total County Cork area, we estimate that the net

energy assortment within the study area is

28,300 m3 per year.

We have only considered the potential from
conifer forestry. It is considered that broadleaf
firewood is generally captured by the individual
residential wood heating market.
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6.3 Potential

Annual energy

Energy content @

Energy content @

assortment output 56.5% 30%
(m3hyr) (MWh/yr, freshly (MWh/yr, naturally
harvested) dried for up to 2
years)
Public forestry 99,600 177,422 200,924
Private forestry 28,300 50,418 57,096
Total 127,900 227,840 258,020

6.4 SWOT Analysis

Strengths:

There is a large amount of relatively young
forestry in the perimeter analysed which will
require thinning.

There is a large range of technological options
available for converting wood into energy,
primarily for heating purposes.

Wood fuel can be stored and converted to energy
as the demand arises.

Entrepreneurs in the sector have started realising
the wood energy potential and there is a growing
know-how and experience within the forestry
sector for developing the wood fuel supply chain
[4].

Opportunities:

Wood energy plant of sufficient size within the
permiter analysed could attract wood fuel supply
contracts within the forestry study area.

Significant amount of thinning material available,
particularly west of Clonakilty, outside of the
reach of board mills.

There is a new generation of wood energy
technologies which allow for smaller scale
electricity generation, as well as gaseous and
liquid fuels production.

Weaknesses:

Almost no forestry area within the study area.

Transport costs deemed acceptable up to 50 km
radius.

Wood fuel from forestry has generally a high
moisture content, which limits the range of
technological options for wood energy or requires
period of drying (natural or artificial).

Forestry in the study area is very dispersed which
causes difficulties for harvesting and creates
additional transport costs.

Threats:

Changes in the timber market increase
competing uses outside of energy sector.

Big industrial users within the region could attract
a significant amount of the wood fuel available at
the detriment of a wood energy plant in the Study
area.

Accessibility is a big factor affecting harvesting
and can i mpact signific
potential.

6.5 Additional References
[ 1]

Pat Roche, forest

manager for

di strict S3,

were interviewed on 23/06/2010 and 30/06/2010 respectively.
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7 Bioenergy i Wood Processing

7.1

Introduction

Wood processing generates different types of
wood by-products which can be used for
energy purposes. They often have the
advantage of being dry and in a form suitable
for direct use (wood chips, sawdust, bark) or
further processing into refined wood fuel
(pellets and chips). There is no significant
wood processing plant within the Study area.
However, Grainger in Enniskeane is at such
proximity that this huge source of wood fuel
cannot be ignored. While sawdust and bark are
used on site within the biomass CHP plant,
there is an excess of wood chips which could
be diverted from supply to board mills to
bioenergy.

Figure 8: Wood chips at Grainger Sawmill Ltd. Source: X. Dubuisson

7.2 Methodology of Analysis

According to Pat Twomey, manager at Grainger Sawmills interviewed on 22/06/2010, there are
approximately 120,000 tonnes of wet chips produced per year at the site (moisture content ¢.57%)

and available for wood energy.

7.3 Potential

120,000 t/yr of wood chips at 57% MC have an energy content of approximately 240,000 MWh. If
dried to 30% MC, this material would weigh 88,200 tonnes and would have an energy content of

€.300,000 MWh.

7.4 SWOT Analysis

Strengths:

Very large quantity of clean wood fuel, with
relatively consistent properties produced on an
almost continuous basis.

Relative proximity to Clonakilty and other urban
centres within the Study area.

Opportunities:

Such a large quantity of material could provide all
year round supply to several energy generation
plants within the area.

Weaknesses:

Grainger is not in the area of interest and
guestions arise about using this resource to
achieve energy neutrality.

Technological options for converting wood chips
of this moisture content at small-scale are limited
and difficult to implement.

Drying wood chips to more acceptable moisture
content levels is not a simple process and
requires significant space and energy.

Threats:

Wood fuel of this volume and quality has become
an international commodity which can be
exported over long distance.

Grainger is already in discussion with interested
parties for large quantities of their wood chips,
which might tie them into long term contracts.
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8 Solar Energy

8.1 Introduction

Solar energy is the mother of all renewable energies, and it is inexhaustible, available everywhere
and free. However, it is relatively diffuse and is intermittent. There are two main types of active solar
energy usage which could be part of a community scale energy supply strategy:

A Solar thermal energy, whereby large
solar collector arrays are used to
transform light into heat and supply it
through a water-based district heating
system, possibly with seasonal storage.

A Solar photovoltaic energy, whereby large
arrays of solar PV panels are used to
generate electricity which is fed into and
distributed via an electrical network.

The main factors affecting the technical potential
of solar energy are:

A The compatibility of the energy demand
and supply respective profiles;

A The availability of hosting surfaces
(roofs, ground, etc.) with sufficient area
for large arrays;

A Orientation and inclination (a deviation of
up to 30 degrees from due South is
acceptable).

We have taken a demand-led approach in order to illustrate what a realistic potential for solar thermal
energy would be. We have assumed that achieving a solar fraction of 20% of total heating demand in
the residential target and 15% of total heating demand in the business sector would be a reasonable
target, knowing that this would be roughly equivalent to the domestic hot water (DHW) in both sectors.
DHW demand has a profile that matches well with solar energy supply as it is highest during the
summer (particularly with tourism). We have assumed a specific solar thermal yield of 450 kWh per yr
per m2 of solar collector (aperture area). This calculation was done for Clonakilty town and immediate
environs for which heat demand is dense and for which a district heating system could be envisaged.

Solar photovoltaic energy is also limited by the space available to host solar arrays and associated
orientations and inclinations for the panels. Demand is not a factor as all solar power produced can in
theory be exported to the grid. For illustration purposes, we have estimated the solar PV array area

reqguired to produce the equivalent of 5% of Clonaki

specific yield of 1000 kWh per kW of PV capacity per year at an optimum angle and orientation, free
of overshadowing.

8.3 Potential

8.3.1 Solar thermal energy:

Total heat demand for Clonakilty town (assuming a proportion of electricity is used for heating):
25,456 MWhlyear. To achieve a total solar fraction of 17% (businesses and residential), a total solar
thermal array area of 9,750 m2 would be required. If these collectors were installed on the ground, at
a 40 degree angle, the total ground area required would be equivalent to 2.2 the area of a typical GAA
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pitch. By comparison, the largest solar thermal array in Europe is in Denmark (20,000 m2) and is part
of district heating system for an island community. The size of the system could easily be double to
achieve a still reasonable solar fraction of ¢.30-35%.

8.3.2 Solar photovoltaic energy:

The total electricity demand in Clonakilty town (residential + businesses) has been estimated at
20,284 MWhlyr. Achieving a 5% solar fraction would require 1,014 kW of PV capacity or 7,100 m2 of
solar panel, which ground mounted would occupy 24,850 m2 of space (or 1.6 x GAA pitches).

8.4 SWOT Analysis

Strengths: Opportunities:

No or minimum running costs. Price of solar PV panels is constantly decreasing.
Secure source of energy from an inexhaustible Efficiency of solar collectors constantly

fuel. increasing.

Very durable technologies if quality products, Supply profile matches demand profile.

design and installation.

Silent and generally positive image with
population.

Very versatile technology.

Weaknesses: Threats:
Solar panels are still relatively expensive as Price of land close to urban centres, especially if
demand remains high and economies of scale zoned for development.

and innovation are only starting to have their
effect on price.

Sun to useful energy conversion relatively
inefficient hence hosting space is very significant.

High temperature requirement of district heating,
especially in retrofit situation, lowers potential
solar thermal yields.

8.5 Addtional References
[1] Xavier Dubuisson, 2008. Design guidelines for solar PV systems in Ireland. SEAI.

[2] Xavier Dubuisson, 2010. Presentation at solar thermal design course. DWEcoCo.
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9 Wind Energy

9.1 Introduction

Wind energy is the most successful renewable energy technology in Ireland, with approximately 1380
MW of installed capacity by June 2010, with 253 MW installed in County Cork (second highest
capacity after Donegal). Several wind farms are visible from high vista points in Clonakilty and the
wind industry is well represented in the environs.

Four types of wind farm development can be envisaged for the area:

1 commercial wind farms in the multi-megawatts scale: between 4 and 20 MW, with the
average size being 15.8 MW in County Cork. These wind farms are generally composed of
turbines between 800 kW (rotor diameter 50 m) up to 2.5 MW (rotor diameter c. 95 m), with
hub heights from 45 m to 110 m;

91 industrial wind turbines, typically between 250 kW and 1.5 MW, supplying into the internal
electrical network of an industrial site;

1  small-scale wind turbines, between 2.5 kW and 50 kW, also supplying into the internal
electrical network of a domestic or small commercial (e.g. a farm) site or exporting to the
electrical grid.

1 off-shore wind energy, with off-shore wind turbines in the region of 5 MW currently and up to
10 MW in development.

The area of interest, being coastal, presents a significant wind energy resource (technical potential)
with wind speeds varying from 6.5 m/s in low areas to up to 9 m/s at highest points (wind speeds
taken from SEAI 6s wind atlas, at 50 m hub height).

9.2 Methodology of Analysis

There are a number of key considerations for estimating the potential of wind energy in the area of
interest. We have conducted an initial wind energy potential study for the area of interest, with a view
to identify the amount of land that would be considered suitable for wind farm development. We have
carried out a geospatial study of the area using GIS maps, proceeding by elimination of areas
considered not suitable using the following criteria:

- Zones declared as Strategically Unsuitable within the Cork County Development Plan 2009,
mainly due to the presence of sensitive landscapes. In the area of interest, this covers a strip
of land of between 1 and 5 km from the coast line;

Zones declared as special protection areas and sites of archaeological and historical
significance;

- Areas with wind speeds inferior to 8 m/s at 50 m hub height;
- Areas with distance from nearest substation (38 kV) greater than 10 km;
- Areas in proximity to recognised settlements.

The map presented below gives an indication of the analysis performed, with zones coloured with a
green to orange gradient showing areas considered suitable for wind development at this stage of the
study. The elimination process carried out above leaves a total of 2650 ha of land suitable for wind
energy development.

Please note that this analysis is based on criteria typically used for commercial wind farms and that a
different set of criteria may apply for smaller projects with individual turbines. For example, small wind
turbines, feeding into the electrical grid of the user to meet part of its electrical demand, might be
considered viable with lower wind speeds, since higher tariffs apply and demand on return on
investment requirements could be lower. Environmental criteria are also different since their height is
normally significantly lower (25 m hub height and lower).
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We would strongly recommend that representation be made to Cork County Council and other

relevant planning authorities

within the Cork County Development Plan.
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Of course, much more detailed analysis would have to be performed to assess the feasibility of
individual areas, with an array of parameters including impacts such as ecological, visual, noise,

accessibility, geological, etc.

Individual industrial sites with a high (>300 kW) and constant electrical load, with suitable wind speeds
and at a sufficient distance from neighbouring habitations, could be considered for on-site generation
to meet their internal demand. Such turbines would also have to be outside of the exclusion zones
identified in the investigations above. Currently, only the two large slaughterhouses might have a
suitable electrical load but both are located within or at close proximity of the zones defined as
strategically unsuitable for wind energy development under the current County Development Plan.

Small wind turbines of up to 50 kW (falls within the definition of microgeneration in the UK) are
attracting an increased level of attention over the last 3 years. The main commercial development has
been within the category of up to 6 kW to comply with the current grid-connection limit for
microgenerators as defined by the Distribution Network Operator and the Commission for Energy
Regulation. These micro-turbines are adapted to meet all or part of the electrical requirement of an
individual house or small commercial unit (farms) but have a limited potential to export to the grid. On
the other hand, larger turbines up to 50 kW do have the potential to export and their potential to
contribute to meeting electricity demand outside the boundary of an individual site. However, their
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potential will only realise itself if grid-connection procedures and regulations are significantly
simplified.

For offshore wind, a key limiting factor is the maximum depth of water set a 30-35 m (IWEA, 2010) for
setting foundations for the turbines. Also, as we will see in the analysis of ocean energy, there is an
exclusion zone of approx 17 km wide and 30 km

danger zone6. The map below shows bathymetry (water

Bathymetry, 0-20 m depth line and 20-50 m (dark blue line).

Although not very precise, this graph shows an impression of how close to the 35 m depth limit is to
the shore, varying from a couple of kilometres to about 10 km maximum. Also the fast transition
between the 20 m and 50 m zones indicates relatively steep slopes for the seabed. A more detailed
analysis of the seabed should be carried out to have a better understanding of potential zones for
development, but already one can see that the local conditions could pose significant challenges from
a construction and planning perspective.

The map below represents wind speeds off-shore of Clonakilty:

Source: SEI Wind Atlas. Offshore
wind speeds at 100 m hub height.
Zones highlighted in red are
exclusion zones. Coloured parallel
zones are delimiting wind speed
gradients from 9.0 to 10.25 m/s
from coast to offshore

To illustrate the potential energy
output from an offshore wind farm if
the seabed characteristic would
allow, we have calculated the
potential electrical output from a 70
MW offshore wind farm (similar to
potential on-shore capacity). Based
on the recommended in row
spacing between turbines of 5 rotor
diameter and 10 rotor diameter
between rows (Nielsen, 2003), a
14 x 5 MW turbines (125 m rotor
diameter) farm made of 2 rows of 7
turbines would occupy a sea area
of 2520 m x 630 m, or 159 ha.
Please note that most offshore
wind farms planned or in existence
are well in excess of that capacity,

41

l ong

r
d



e.g. the Arklow bank wind farm is currently 25 MW and has a further 500 MW planned in the next
phase of this project.

9.3 Potential

The wind energy potential in the area has been calculated on the basis of the total land area
considered suitable for wind farm development identified above and the average land requirement of
a wind farm on grassland of 35.7 ha per MW (Denholm, 2009). This gives a total potential of 74 MW
within the area of interest. Based on a capacity factor of 30% (equivalent time of operation at nominal
capacity), it is estimated that the potential annual electricity generated is 74 MW x 365 days x 24
hours x 30% = 194,472 MWh/yr.

To illustrate the potential of small-scale wind, if we assume that 200 wind turbines of a size of 50 kW
were installed (approx. 20% of all farms in the area of interest), their total annual output could be in
the region of 50 kW x 200 x 30% (capacity factor) x 365 days x 24 hours = 26,280 MWh.

Offshore wind farms are expected to achieve 39% up to 45% capacity factor. With a total installed
capacity of 70 MW, the total annual electricity output would be in the region of 245,280 MWh (40%

capacity factor).

9.4 SWOT Analysis

Strengths:

Coastal area with favourable wind speeds.

Land area deemed suitable for wind farm
development significant, offering a significant
accessible potential.

Opportunities:

Community wind energy projects are emerging,
some successfully. This approach is likely to
alleviate planning difficulties.

Wind farm projects are job intensive during
construction phase. Supply, installation and
maintenance of small wind turbines can also
support the creation of jobs locally.

Barryroe Co-op is already involved in the supply
and installation of micro-turbines.

Weaknesses:

A number of suitable wind energy areas are at
close proximity of identified exclusion zones,
generally near the coast. These would be very
sensitive from a planning point of view.

Off-shore wind farms require a foreshore licence
foreshore licence from the Department of
Agriculture, Fisheries and Food.

Threats:

There is a recent history of objection to wind
farms in Ireland, with long planning processes.

Off-shore wind projects would have to be near
shore due to the 35 m water depth limit, with high
risk of public objection and conflict with other
interests (fishing, leisure, tourism, etc.).

Off-shore wind projects are almost twice the cost
of on-shore projects and risks are higher, so
investors expect significantly higher return on
investment.
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10 Micro-Hydropower

10.1 Introduction

Hydro-electricity is produced by using the

power of water under pressure to turn the

turbines of generating sets in power

stations. There are two main types of small

hydro-schemes operating in Ireland, low

head and high head schemes (DCENR,

date not specified). Low head run of the

river schemes are located in lowland

areas, abstracting water from rivers

through the use of weirs with diversion of

river pow to a headrace and
turbine house. Water is returned to the

river downstream of the turbine through a

tailrace. The power produced in a hydro

scheme varies directly with the head (the

vertical distance between the headrace

and tailrace |l evel) and wat
Generally the head is less than 5 m in low

head schemes and the schemes have little

impoundment or provision for storing

water. Because the head is low, compared

to that at high head schemes, the volume

of water used per unit of power is high. A

number of old Al ow headodo sc
been redeveloped with the introduction of

modern more efycient turbir
generating capacities. Modern turbines can

operate efyciafwaswnewi th pov
quarter or |l ess of their fu

Figure 9: Low-head hydropower station in Ashgrove, Kenmare. High head schemes can be divided into a)
Run of the river schemes and b)
Impoundment schemes. Both high head run of the river and impoundments schemes utilize upland
cat chment s wh eadé asilalfley Wateeismdrawinthrough a pipeline/tunnel from a high
|l evel to a powerhouse. Run of river schemes have | itt
which is piped to a power house sometimes distanced kilometers downstream. The schemes usually
incorporate a pool area above a natural or manmade weir across the river; a fully submerged intake
arrangement which feeds the pipe is positioned along the bank of the pool. Some high head schemes
incorporate storage utilizing upland lakes whereby enhanced storage in the lake is used to augment
the pow avail ab(DEENRdate natsmetified.ct i on

Low head schemes are the most common small-scale hydro-power type in Ireland. The potential for
hydropower in the study area is limited to the Argideen river since the topography of the area
proscribes harnessing hydropower from smaller watercourses.

10.2Methodology of Analysis

Based on Irish Hydropower Association data from a survey of potential and existing sites in Ireland,
carried out in 1985. The only river part of the Study area, and identified in the study, is the Argideen
river. The data for these three sites was taken from this study and presented below:

43



10.3 Potential

DS

Sites on the Argideen River and their potential hydropower capacity and annual output have been
extracted from the Irish Small Hydropower Association website (http://www.irishhydro.com/rivers.htm
), based on a study completed in 1985 (original report and maps not available):

Site # Nat. Grid Proven mean | Head (m) Potential Potential
reference flow (m3/s) installed annual energy
capacity (MWh)
(kw)
332 A W410 433 2.84 15 19 92
332 A W425 446 3.02 3 55 243
338 W332 454 1.12 2.8 16 78
Total 90 kW 413 MWh

10.4 SWOT Analysis

Strengths:

Constant source of renewable energy generation
compared to intermittent sources like wind and
solar energy.

Opportunities:

Restoration of heritage sites with interesting
educational, tourism and cultural benefits.

Weaknesses:

Local topography not very adequate for
hydropower.

Threats:
Planning and licensing laws.

Resistance from local anglers.
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11 Geothermal Energy

11.1 Introduction

Geothermal energy is extracted from the heat stored in the earth to produce power and/or heat. In
Ireland, geothermal applications are limited to low temperature for direct heating. The map below
shows earth temperature at 5000 m below ground:
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Source: Screenshot of SEAI 6s Geot her mal Mapping Syste

Deep geothermal temperatures of 40-50 C are too low to be economically exploited. Closer to ground
level, ground temperatures are typically a stable 11-12 degrees (100 m deep) and this heat can be
exploited using geothermal heat pumps. Heat pumps are generally using a thermodynamic cycle to
upgrade low temperature heat pools to higher, usable temperatures. (up to 65 °C for common building
applications). Typically, vertical boreholes with closed-loop heat collectors are used in large non-
domestic applications.

The heat pump cycle can be reversed to provide cooling, whereby heat extracted for cooling purposes
is rejected into the ground through the borehole system, with the advantage of recharging the
borehole geothermal potential during the summer for winter use.

Heating mode Cooling mode —

Heat pump » ‘Heat pump

¢ RIT® reTfic)e

< 9 9 @

Source: Sintef, 2008 [1].
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Where groundwater is available in sufficient quantities, it can also be used as a heat source with
similar intake temperatures.

Groundwaser table

Infiltratianlinjecticn well

Proguction well

Submerged pump 7[ ‘

11.2 Methodology of Analysis

Depending on the level of the water table, dry sediment only yields 20-25 W of heat per linear m of
borehole (EN 15450) while saturated sediment can yield up to 60 W/m. Consolidated rock can provide
a heat extraction rate of 84 W/m (1800 hrs of heat pump operation). A review of the geology of the
area showed that the area of interest is mostly constituted of sandstone and mudstone. The aquifer is
generally considered poor and only locally exploitable, reducing considerably the potential for water
source heat pumps.

The efficiency of heat pumps drops considerably as the temperature of the heat sink (heat distribution
system) rises, limiting the temperature range of effective application at 50 °C. It is therefore mostly
applicable to new developments where low-temperature heat distribution system can be used (30-40
°C) instead of existing buildings typically heated with radiators at flow temperatures of 80 °C.

In the context of community-scale applications, district heating systems require even higher
temperatures to compensate for heat losses in distribution networks. The potential for geothermal
heat pumps is therefore mostly limited to new developments designed to operate with low-
temperature district heating and heat distribution systems. In Clonakilty, the scope for such systems is
considered to be very limited.

Nevertheless, the potential of using individual geothermal heat pumps as part of a demand
management and thermal storage system, in combination with intermittent renewable generators such
as wind, might be worth exploring. Geothermal heat pumps are one of the technologies being
considered for electrical energy storage such as batteries, pumped hydro, flywheels, etc. with the
difference that electricity is stored as heat as opposed to chemical energy, kinetic energy, etc. These
technologies will be reviewed briefly in the context of phase Il of the study.

11.3 Potential

For the reasons described above, the potential of geothermal energy is considered to be negligible
outside of individual building projects.

11.4 SWOT Analysis

Strengths: Opportunities:
Well-known techno|ogy with a |arge number of Use in ConjUnCtion with wind turbines or other
applications in Ireland. renewable energy generators, including as part of

) energy storage and load management strategy.
Know-how and technology locally available.

Weaknesses: Threats:

Require electrical heat pumps for geothermal Shallow geothermal resource locally variable
applications, with environmental benefits and depending on the groundwater level.
cost-effectiveness depending on low-temperature

operation.
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12 Ocean Energy

12.1 Introduction

Ocean energy contained in the world's waves and marine tidal currents provides an untapped source
of renewable energy. In Ireland both wave and tidal will have a role to play in meeting longer term
targets for electricity consumption from renewable sources. The first technologies to exploit this
valuable source of energy are currently under development. The Programme for Government and
White Paper aims at the connection of 500 MW of ocean energy capacity by 2020.

Wave power is the transport of
energy by ocean surface waves,
and the capture of that energy to
do useful work, in particular
electricity generation. Waves are
generated by wind passing over
the surface of the sea. As long as
the waves propagate slower than
the wind speed just above the
waves, there is an energy
transfer from the wind to the
waves. There are currently a
number of wave power devices
being developed in Ireland,
including:

Figure 10: Wavebob, Irish wave power device. Source: Wavebob Ltd

Wavebob (www.wavebob.com )

Ocean Energy Buoy (www.oceanenergy.ie )

Hydam i McCabe Wave Pump

= =4 =4 =4

Open Hydro Ltd. http://www.openhydro.com/home.html

Tidal power, also called tidal energy, is a form of
hydropower that converts the energy of tides into
electricity or other useful forms of power. Although not
yet widely used, tidal power has potential for future
electricity generation. Tides are more predictable than
wind energy and solar power. Among sources of
renewable energy, tidal power has traditionally suffered
from relatively high cost and limited availability of sites
with sufficiently high tidal ranges or flow velocities, thus
constricting its total availability. However, many recent
technological developments and improvements, both in
design and turbine technology, are suggesting that the
total availability of tidal power may be much higher than
previously assumed, and that economic and
environmental costs may be brought down to competitive
levels.

Figure 11: Tidal Power Turbine. Source: Sea Gen
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12.2 Methodology of Analysis

Initial discussionswer e undertaken with SEAI s Ocean Energy
Contacts were also made with WaveBob and OpenHydro, two companies developing ocean energy
technologies. These companies referred to two references to explore the potential for wave and tidal
energy off our coast:

- Wave Energy Resource Atlas of Ireland (ESBI, 2005);
- Tidal & Current Energy Resources in Ireland (SEAI, 2005).

12.2.1 Wave Energy:

The following maps show the practical potential for wave energy for Ireland, and below a zoom-in on
the potential off the Clonakilty coastline taken from the Irish Wave Atlas. Several observations can be
made from these:

- Thereis a large exclusion zone in front of C| o n a kcoaktling/whish is identified as
Department of Defence Danger Area, with a width of ¢.17 km and a length of c. 30 km.

- The maximum distance recognised as economically feasible for grid-connection from a wave
farm is 100 km. The maximum practicable wave power accessible at this limit off the
Clonakilty coast is 3.5 MWe/km of wave front. The same wave power is accessible within a
few kilometres from the West and Kerry coasts. The maximum practicable wave power
accessible is 4.5 MWe/km obtainable within approx 50 km west of these coasts.

- The average practicable annual wave energy was modelled at 32 GWhe per km of wave
front at the 100 km limit off the Clonakilty coast, and 24 GWhe/km within 50 km. 32 GWhe
represents a capacity factor of 25% and 24 GWhe/km a capacity factor of 20% based on a
full-scale Pelamis wave energy system”. By comparison, an average commercial wind turbine
on-shore has a capacity factor® above 30% and it is expected that off-shore wind turbines
should have a capacity factor of close to 40%.

Average Practicable Wave Energy in GWhe per km of wave front. Source: Wave Energy Atlas,
www.maps.marine.ie

® Pelamis: www.pelamiswave.com
6 Capacity factor: The net capacity factor of a power plant is the ratio of the actual output of a power
plant over a period of time and its output if it had operated at full nameplate capacity the entire time.

48

uni t


http://www.maps.marine.ie/
http://www.pelamiswave.com/

Average Practicable Wave Energy in GWhe/yr per km of wave front. Source: Wave Energy Atlas,
WWw.maps.marine.ie

12.2.2 Tidal Energy

A review of the SEAI &8s report
Ireland indicates that:

-Peak tidal current velocities above 2.5 m/s are necessary
for the viability of tidal energy devices based on current
technologies (2005). The report speculated that it might be 2015
before technical breakthroughs enable the economical
extraction of tidal currents at 1.5 m/s or more;

-The practical tidal energy resource lies within the
bathymetry (depth of sea floor) zone between 20 and 40 m,
outside of shipping lanes, military zones, disposal sites, areas
with pipelines and cables;

-On the basis of the above, 11 sites (see Figure 12) offering
a practical potential for tidal energy have been selected, none of
them close to our area of interest.

Figure 12: Tidal energy sites selected for offering a practical potential.
Source: SEAI

The bathymetry zones represented below (light blue below 20 m and dark blue between 20 m and 50
m) indicate that there is a very limited zone in the Clonakilty bay where there would be a practical
potential, due to water depth restrictions and the presence of a military exclusion zone. There is a

larger zone at the mouth of the Courtmacsherry bay, past the second floating buoy, east of the Seven
Heads.
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Bathymetry along the west side of the Clonakilty coast. Source: www.maps.marine.ie

On the other hand, the bay off Owenahincha has a larger zone with adequate bathymetry.

The tidal current velocity map below indicates that these zones are experiencing tidal currents well
below 1.5 m/s. The potential of localised acceleration areas such as that at the entry into the
Clonakilty estuary is negated by the low water depth at these points (less than 5 m at low tides
according to local fishermen).

(Gridspacing 405 m)

{Gridspecing 405 m)

0 200 400 6G0 800 1000

Figure 13: Hotspots for tidal currents. Source: SEAI

12.3 Potential

12.3.1 Wave Energy

With a coastline length (as bird flies) of ¢.20 km from the area of interest, the potential electrical output
of a continuous line of Pelamis units (750 kW each, 19 units per km) would be in the region of
240,000 MWhel/yr at 50 km off the coast, considering that 50% of this line would have to be left
unobstructed for marine circulation. A similar line of machines at 100 km off the coast would yield
320,000 MWhelyear.

Pl ease note that cost pr oj ecWaveobnesgy Resaunce report (BSBt, wi t hi n
2005) indicate that wave farms based on the Pelamis technology of a significant scale ¢.200 MW,

within a reasonable distance (<100 km), at the best sites (40 GWhe/km,yr) offer the potential to

become competitive with other renewables such as off-shore wind. Conditions prevailing off the

Clonakilty coast are considerably less favourable and a detailed analysis of a hypothetical project

using current cost figures should be carried out before the potential of wave energy for the area of

interest can be clearly established. Please also note that the ESBI analysis was carried out for one

type of converter among an array of other solutions currently under development.

12.3.2 Tidal Current Energy

According to our review of the tidal energy report of SEAI [2] outlined above, it is deemed that the
potential for tidal energy in the area of interest is negligible. However, we would recommend a regular
review of this position in view of technological progress in this area and as a more detailed knowledge
of the local tidal resource becomes available.
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12.4 SWOT Analysis

4
o

Strengths:

Relatively predictable resource, with an
intensity/time profile matching season variations
in electricity demand.

Opportunities:

The Irish government has a strong strategy for
ocean energy development and has made it a
priority for R&D funding.

Weaknesses:

Off-shore areas of the Clonakilty coast are not
regarded as priority areas for wave energy
development given its relatively low technical

potential compared to the Kerry and West coasts.

Only areas close to 100 km off the coast could
eventually have a practicable potential for wave
energy, with significant challenges for the
establishment of transmission lines and
maintenance operations.

Threats:

Off-shore licensing requirements.

Potential conflict with other users of the marine
space.

Environmental impacts still to be largely
determined and will vary according to type of
converters considered.

12.5 Additional References

1 Fitzgerald, 2006. Marine Institute. Presentation:
http://www.lcea.ie/docs/2006/2006/A%20Fitzgerald.pdf

SEAI 6s Ocean

Heam/evwvgseai.ie/Renewables/Ocean Enerqgy/

1 European Marine Energy Centre: http://www.emec.org.uk/
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13 . Summary

The table below summarises the renewable energy potential found in the study area.

Renewable energy resources Annual energy
potential estimate
(MWh/yr)

Miscanthus and SRC Willow 57,800
Grass silage for biogas 92,539
Rapeseed 5970 to 6300
Cattle slurry 25,974
Pig slurry 6,505
Poultry manure 2,231t0 4,462
Industrial organic by-products 5,530
Municipal Waste (food & garden waste WWTP sludge) 2,274
Forestry by-products 227,840 to 258,020
Wood-processing by-products 240,000 to 300,000
Solar thermal energy 2,102
Solar photovoltaic energy 1,104
Wind energy i wind farms 194,472
Wind energy i small-scale (microgeneration) 26,280
Off-shore wind energy 245,280
Geothermal energy n.a.

Hydropower 413
Ocean energy 240,000 to 320,000
Total Renewable Energy Potential Identified 1,380,000 to 1,550,000

Please note that these figures are essentially theoretical potentials for primary energy. They do not
integrate conversion efficiencies to final energy as well as systems internal energy demand (e.g.
thermal energy for biodigestion). They generally do not reflect non-technical constraints such as
planning, health and safety regulations, etc. which are generally taken into consideration when
determining the practical potential. Certain technologies such as wave energy are still at
developmental stage and might take another 10 years before their technical potential can be
materialised. In addition, most of the wood energy potential is based on resources that are outside of
the area of interest. This raises issues as to integrating them in a strategy for energy neutrality.
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These issues as well as economic issues will be considered during the second stage of the study
which will look at individual renewable energy systems.

The graph below illustrates the relative importance of the different renewable energy sources
investigated:
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Figure 14: Summary of renewable energy source potential.

It is worth noting that this theoretical potential is about 7 times the estimated current energy demand
in the study area. We can take confidence from these results that there is potentially sufficient
renewable energy resource available to the study area to meet its total energy demand, particularly in
the context of reducing energy demand following energy saving campaigns.

In light of the analysis carried out, we have put the focus for the next phase of the study on renewable
energy systems using the following resources, by order of priority, reflecting the size of their technical
potential and our initial review of their feasibility (practical and viable potential):

1  Animal by-products and other organic wastes;

1  Energy crops such as miscanthus, SRC willow, grass;
1  Wind energy (land-based);

1  Forestry and wood-processing fuels;

il

Solar thermal and photovoltaic energy;
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CHAPTER IIl:
Renewable Energy Systems Feasibility Study
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1 Introduction

The purpose of the second phase of the RE Roadmap study is to carry out a high-level feasibility
study of the renewable energy technologies that are deemed appropriate to make best use of the
resources identified in phase | of the study. These renewable energy technologies are generally
available in the market place in Europe or considered close to market (proven in demonstration
projects). These technologies have been analysed in the context of community-based systems, at a
scale suitable for energy supply to multiple energy users as opposed to individual systems serving
one entity, either through district heating, gas networks and electricity networks.

With a very limited potential f or growing suitable crops for biofuel
considered further the feasibility of establishing biofuel processing facilities within the study area.
However, we have investigated the feasibility of using biogas as a transport fuel source in Chapter IV.

The first part of the study was to review renewable energy technologies in general terms. The results
of this review have been presented into individual factsheets discussing each technology, typically
including:

A short qualitative description of the technology;
Size range (input/output), typical efficiencies, footprint, timeframe for deployment;
A review of benefits and risks associated with each technology;

Infrastructural and logistical requirements;

O O O O O

Socio-economic and environmental impacts;
0 Relevant regulatory framework.

In addition, for each renewable energy technology assessed, we have defined sample projects which
are taken as representative of the type of community-based projects envisaged in Clonakilty at this
stage of the study. Each sample project analysis includes:

0 A short description of the project;

o0 An overview of the financial parameters of the project (capital cost, running costs,
revenues);

o A summary of feasibility indicators (delivered energy unit cost, internal rate of return, net
present value) for the project;

o Comments on the analysis.
2 Methodology

2.1 Sourcing of data and information:

Factsheets and financial models for sample projects were developed on the basis of extensive
investigations, using a range of sources:

o0 Review of literature, printed and available electronically on the web;

o Discussions with experts from the research and development sector as well as the renewable
energy industry;

o Enquiries among technology providers for the technical and financial parameters of the
sample projects analysed;

o Review of existing feasibility studies carried out for projects of a relevant nature and size.

2.2 Life-cycle analysis:

A detailed software model using Microsoft Excel was developed to conduct a life-cycle cost analysis
of all the sample projects analysed. The following parameters were used for the analysis:
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Capital cost: represent the initial investment on year 0 of the lifetime of the project and covers costs
such as design and engineering, planning and environmental studies, project management,
equipment, civil works (site development, buildings, etc.), energy network connections, etc. The
annualised capital cost was calculated using a rate of return of 7% over the lifetime of the project.

Operational and maintenance costs: ongoing costs, accounted for on an annual basis, such as
labour, repairs, material for maintenance, energy costs, etc.

Depreciation cost: represents loss in capital value over the lifetime of the project. In a previous
analysis, an annual provision equal to the capital cost divided by the lifetime of the project was made
to account for the replacement cost of the project i.e. cost of reconstituting the capital at the end of the
project lifetime. However, it was decided that this practice, which is not common in the financial
analysis of such projects, placed too large a burden on the financial viability of the renewable energy
projects analysed; and in the subsequent analysis the replacement cost was not integrated into the
project cash flows.

Revenues: the sum of revenues generated by the project, through the sale of renewable energy
(heat, electricity, gas) or by-products of the renewable energy process (e.g. digestate from anaerobic
digestion process as fertiliser). The price of renewable electricity sold was determined on the basis of
current feed-in tariffs * (REFIT) for eligible technologies or current electricity tariffs when the electricity
produced is used to substitute electricity otherwise imported from the grid at generator point. The
price of renewable heat sold was determined on the basis of the cost of the heat it substitutes (e.g.
price of heat produced by an oil boiler at 80% efficiency). In a number of cases, the cost of delivering
the heat produced by a renewable energy plant through a district heating system was subtracted from
the substituted heat cost to calculate the renewable heat price. Finally, gate fees obtained when the
renewable energy process uses waste materials which would normally be disposed of at a cost (e.g.
organic wastes from industry) were taken into consideration where applicable.

Net Present Value (NPV): the net present value of a time series of cash flows, both incoming and
outgoing, is defined as the sum of the present values of the individual cash flows. NPV is a central
tool in discounted cash flow analysis, and is a standard method for using the time value of money to
appraise long-term projects.

Discount rate: the rate used to discount future cash flows to their present values is a key variable in

the discounted cash flow analysis. It represents the minimum desired rate of return. A discount rate of

7% i s taken in ISWeighaeed averagé cost of eapital E6RB8%Y%) for a large modern gas

turbine generation project °_ This discount rate is often used as the baseline for the assessment of

energy projects, and represents the expectation for an appropriate income stream from investment at

this scale and level of risk. The selection of a unified discount rate for all renewable energy projects

anal ysed doesndt necessarily reflect the current viev
technology. However, the view was taken that over the 10-year timeframe of the Renewable Energy

Roadmap, technology will evolve and reliability will improve, justifying a lower risk premium in the

medium term.

Internal Rate of Return (IRR): the internal rate of return on an investment or project is the discount
rate that makes the net present value of all cash flows (both positive and negative) from a particular
investment equal to zero. | t 6 s t Jeven discoentrite, the rate at which the value of cash
outflows equals the value of cash inflows over the lifetime of the project.

Cost of energy produced: the cost of energy produced (electricity, gas, liquid fuels or heat) was
calculated by summing all annual costs on year one i.e. annualised capital cost, O&M costs, energy
costs, etc. divided by the amount of energy produced per year. In the case of renewable combine
heat and power plants (CHP), the revenue of selling the heat (by-product of electricity generation)
produced was subtracted from the annual costs to calculate the cost of the renewable electricity

" Feed-in tariffs: tariffs set by the Department of Communication, Energy and Natural Resources for
the payment of renewable electricity purchased by Licensed Electricity Suppliers entering into a
Power Purchase Agreement (15 years contract) with a renewable electricity generator. See
www.dcenr.gov.ie/Energy/ for details.

® CER: Commission for Energy Regulation, www.cer.ie.

% SEI, 2004. Renewable Energy Resources in Ireland for 2010 and 2020 i A Methodology.
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produced. It is assumed that all the heat produced by the CHP unit has a useful purpose throughout
the year.

Annual Inflation Rate: a general inflation rate of 2.5% was applied to the relevant costs (e.g. O&M
costs) and revenues (by-products, gate fees, etc.). A specific inflation rate was applied to energy
costs (input into process) and revenues (electricity, heat, gas, etc.). An inflation rate of 8% for non-
fixed electricity tariffs (mains electricity tariffs) and 2.5% for feed-in tariffs which are indexed linked. An
inflation rate of 5% was used for fossil fuels such as heating oil, natural gas, etc.

When assessing results of the financial analysis of the sample projects hereafter, readers should take
the following key indicators into consideration:

Cost of energy produced: this indicator is particularly useful to compare the cost of the renewable
energy produced among the different sample projects analysed, and with conventional alternatives or
the tariffs available within the framework of long-term purchase contracts set by government (feed-in
tariffs).

Net Present Value: NPV is particularly useful to assess each project individually. A NPV superior to
zero indicates that the project is profitable. The objective of an investment manager should be to
maximise the NPV.

Internal Rate of Return: the approach is to select projects whose IRR exceeds the cost of capital.

However, rather than | ooking at a projectds | RR

the financial yield of different projects.
3 Anaerobic Digestion

3.1 Factsheet:

Technology Anaerobic Digestion, Biomethanisation
Name
Qualitative
Description = 1
lighti w
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Figure 15: Anaerobic digestion system and cycle layout. Source: SEAI-REIO
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The process of Anaerobic Digestion (AD) involves the breakdown of organic
waste by bacteria in an oxygen-free environment. Biogas is a flammable gas
with a mixture of methane (50-75%), carbon dioxide (25-45%) and small
amounts of water (2-7%), as well as trace gases such as sulphur, hydrogen,
oxygen, nitrogen, ammonia.
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Farm, municipal or industrial-based AD plants convert waste material into
biogas. Waste/feedstock is pumped into a closed vessel (digester) which has
been inoculated with suitable bacteria. Anaerobic (0% oxygen) conditions are
then maintained in the vessel and the temperature is held at a constant value by
the supply of heat to the digester.

The biogas produced can be upgraded to fossil (‘natural’) gas quality, but is
normally used on site to generate heat and power electricity.

The AD process residue or digestate can be separated into a liquid fraction and
a fibrous fraction. The liquid fraction can be returned to the land as a fertiliser
and the solid fibre used as a soil conditioner (EPA, 2005).

Input Agricultural feedstocks: pig or cattle slurry, energy crops (e.g. grain, grass
silage), chicken litter, etc.

Municipal feedstocks: canteen waste, recovered vegetable oil, organic municipal
solid waste (MSW), etc.

Industrial feedstocks: slaughterhouse, food waste, grease, distillers pulp, etc.

Feedstocks have varying degree of biomethanisation potential (m3 of methane
per tonne of fresh feedstock) depending on their chemical and physical
properties. Mixing several feedstocks (codigestion) can increase yields
substantially. Municipal and industrial feedstocks can attract gate fees and
improve significantly the viability of projects.

Output The biogas produced has a calorific value that will depend on its methane
content (typically between 50 and 60%). 1 Nm3 of methane has a calorific value
of ¢.10 kWh.

This biogas can be burnt in a boiler to produce heat (80-90% efficiency) or
supplied to a cogeneration unit (engine driving a generator, from which waste
heat is recovered, overall efficiency ¢.80%). A certain amount of heat produced
(20-30%) is used to maintain the digester at the right temperature.

Alternatively, the biogas can be upgraded to natural gas quality and either
injected into a gas network or compressed and used as a vehicle fuel.

Sizing of the Anaerobic digestion is a very scalable technology, from the domestic to the
technology industrial. Sizing a system should primarily take into consideration the
availability of suitable feedstock within an economical distance (up to 15 km),
the local energy demand (for heat in particular), planning constraints, etc.

Economies of scale are achievable, in particular in the smaller range of sizes
(up to 250 kWe). In larger systems (>500 kWe), economies of scale might be
negated by increased transport costs, planning and regulatory constraints, etc.

There is a wide range of digester types and designs, to be selected according to
the nature of the feedstock, scale, operation and management issues, etc.

Benefits 1 Avoids the release of methane *° from natural processes (methane is
one of the strongest greenhouse gas);

1 Substitutes fossil fuel with renewable energy, thereby avoiding CO2
emissions from combustion;

1 Use of digestate to substitute fossil-fuel based fertilisers. Nitrogen
content of digestate more absorbable by plants, leading to less leaching
into water cycle;

1% Between 65 kg and 150kg of CO2 equivalent are saved per tonne of biomass treated in the AD
process. This is equivalent to between 7c/kWh and 16.5¢c/kWh of energy produced if the carbon
credits (U20/tonne) were paid to the AD developer.
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Provides diversification opportunities for farmers.

Transforms wastes and by-products into productive resources, and can
provided a viable alternative to landfilling of certain wastes such as
food, animal by-products, etc.

Risks

The AD process is very susceptible to the quality of the feedstock and
detailed analysis of available feedstock has to be conducted at early
design and engineering stage;

Maintaining a stable digestion process is delicate and requires strong
quality control of inputs and operational parameters;

The regulatory environment for the use of animal by-products and food
wastes is very heavy, and can add significant capital and operational
costs;

Obtaining planning permission can be a substantial hurdle and the
project can meet local opposition due to concerns about odours,
pollution, traffic, etc.;

Producing and storing a highly flammable gas incurs serious health and
safety risks;

Continuous and consistent feedstock supply is critical to maximise
operating hours (on which profitability strongly depends). Intermittent
supplies such as slurry from housed cattle (10-16 weeks per year) are
not suitable sources of feedstock on their own;

Depending on feedstocks attracting gate fees require long-term supply
contracts to guarantee a stable income and the viability of the project.

Infrastructure &
logistics

Plant includes feedstock stores, digesters, digestate storage vessels,
sanitisation unit, plant room, circulation areas, etc. with significant
footprint.

Sufficient local heat demand, on site or through a district heating
scheme;

Suitable grid-connection point at relative proximity;

Feedstock and digestate transport over distances above 5 km might
require more efficient vehicles with larger capacity than tractor and
(slurry) trailer.

Job creation

=A =4 =4 =4

Construction
Operation and maintenance
Engineering, quality control, technical consultancy

According to CRE (Composting and Anaerobic Digestion Association in
Ireland), approximately 0.7 direct jobs and 5 indirect jobs are created for
every 1000 tonnes of organic waste processed by composting or
anaerobic digestion.
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3.2 Sample AD Projects:

3.2.1 Small-scale slurry AD, 70 kWe CHP

Overview

Farm-based AD project, using approx 14,000 tFF ** of slurry from
cattle (supply from 12 average farms) and piggeries (from 3 average
pig farms). Digester type: anaerobic filter + activated digester. CHP
unit, 100 kW electrical, 114 kW thermal, 75% overall efficiency.
Thermal energy used locally (25% digester, dwelling, pig houses, etc.).

Financial analysis

Costs:

Lifetime (years) 15
Capital cost (u0): €1,000,00000
Grant (0): € -
Annualised capital C €77,40000
Annual running costs €32,25000
Revenues:

From heat sale (uU/lyr €46,800.00
From electricity sale or substitutio n (0 €94,70000
Feed-in tariff (0/ kWh) eEnaod
Return on investment:

Profit (a/yr) €31,800.00
Cost of electricity ENd
Internal Rate of Return (%): 17%

Net Present Value (0 €500,500.00

" {FF: tonne Fresh Feedstock
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Comments: Transport costs of feedstock (slurry) is not included in the analysis as
they are considered equal to current operations. It is estimated that
transport distances from farm to digester will be less than 5 km.

Digester technology used and capital cost highly dependent on quality
of slurry (in particular dilution). Technology concept for this project
based on anaerobic filter system developed by Agrofutur (BE), see
www.agrofutur.eu for details.

Conclusion on potential profitability opposite to B. Smyth et al [3].
Similar negative views on viability of such AD projects have been
reported by other Irish sources. Our analysis should be validated by
further investigations into the alternative technical options selected
(notably in terms of cost and suitability of slurry feedstock).

Specialist consultants in Belgium (www.walvert.be) advise that simple,
robust and relatively small farm-based AD are less risky projects
(technically and planning), easier to finance and with less regulatory
burden, than larger projects using ABP and food wastes.

3.2.2 Medium-scale grass silage AD, 220 kWe CHP

Overview Multi-farm AD project, using approx 6,300 tFF of grass silage (equivalent to annual
output from 115 ha). Digester type: 2-stage digestion in separate continuously stirred
tanks. CHP unit: 220 kW electrical, 250 kW thermal, 75% overall efficiency. Thermal
energy used locally (25% digester, dwelling, farm processes) and exported to local
energy demand (industrial use). 7,500 operating hours per year.

Financial Costs:

analysis
Lifetime (years) 15
Capital cost (0): € MZT H.Q02
Grant (0): € -
Annualised capital cosf € My o.BO
Annual running costs (U € H M ¢h.BOY
Revenues:
From heat sale (0/yr): € mn m.BM
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From electricity sale q € H N1 c .BQv

Feed-in tariff (0G/ kWh): ENP

Return on investment:

Profit (a/lyr) - ¢ m 200
Cost of electricity wuni ENP
0.
Internal Rate of Return (%): 506
Net Present Value (0): - MT T R0y
Comments |The sale of digestate : 0 4/t, equival el

Using grass for AD has been researched extensively by UCC and is hailed as one of
the most effective energy crops in Ireland, achieving high levels of energy output/input
ratios and widely available (50% of Irish land base).

This project is not financially viable under the assumptions taken, the cost of the
electricity produced is far greater than the price of the feed-in tariff received or the price
of mains electricity.

The viability is seriously handicapped by the fact that the feedstock has a positive cost.

This model of grass AD is not competitive with other farming enterprises (including
cattle rearing).

The result of this analysis are consistent with that of a grass biomethanisation
economic model developed by UCC and Bord Gais [(Smyth, 2010)

Alternative uses for the biogas produced have been investigated and will be discussed
in following sections.

3.2.3 Medium-scale codigestion AD, 220 kWe CHP

Overview AD project using approx 6,400 tFF of organic waste feedstock from
municipal (food, wastewater sludge, garden waste, etc.) and industrial
(slaughterhouse waste). Digester type: 2-stage digestion in separate
continuously stirred tanks. CHP unit: 220 kW electrical, 250 kW
thermal, 75% overall efficiency. Thermal energy used locally by
digester (25%), other onsite industrial usages and possibly exported to
nearby large energy users.

Financial analysis Costs:
Lifetime (years) 15
Capital cost (0): € MZ T h00:2
Grant (u): € -
Annualised capital C € M@pT .BMO
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Annual running cost s

Revenues:

From heat sale (0/lyr € MH Y ROy
From electricity sale or substitut i on ( € HNT.Bor
Feed-i n tariff (04/ kWh) eEnao

Return on investment:

Profit (u/lyr) € MMH.BOI
Cost of electr¥city €Enod
Internal Rate of Return (%): 18%

Net Present Value (U € M0 y.0p:

Comments:

Gatefees( 20/t FF, 0 ah@high Gbobnethayisateom yjelds
generated by animal by-products (ABP) and other organic wastes
make the project viable financially.

No extra-revenue from sale of digestate was taken into account as the
potential fertiliser value is likely to be negated by extra administrative
and quality control burden of associated with animal by-product
regulations for the disposal of digestate from co-digestion plant.

Organic waste supplies would have to be bound by long-term
contracts to maintain viability.

Location of this AD facility near industrial organic waste source
(slaughterhouse) can generate synergies in waste management and
reductions in cost, as well as ensuring an on-site heat demand for the
CHP unit.

A gate fee of 020 apaaonsenkative figuresor thee
disposal of this type of organic waste in a highly competitive market.
This figure compares to | andfil!]
but should be checked against actual local disposal cost.

Provisions have been made for a sanitation unit for the pre-treatment
of feedstock and for associated extra O&M costs.

Further information on ABP regulations can be found on [1].

3.3 Additional References

[1] http://www.seai.ie/Renewables/Bioenergy/Anaerobic _Digestion/

12 A provision of 2 cents per kWh of heat sold has been made to allow for cost of supply via district
heating system to local energy demand.
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4  Biomass Heating

4.1 Factsheet

Technology Name

Biomass Boilers for Heating

Technology Description

Biomass heating uses woodchips, wood pellets or wood logs to
produce heat. Biomass boilers can either be installed as stand alone
or in conjunction with conventional oil or gas boilers. Modern biomass
boilers are almost entirely automated and are able to modulate from
full load to part load without significant loss of efficiency. They are fully
controllable using programmable timers and room or zone thermostats
and can be incorporated into building energy management systems.

Wood-fuelled boiler efficiencies should typically be between 80 and
90%, and they should achieve low emissions, in accordance to
relevant EN and national standards.

The biomass boiler heating system typically consists of:

1 Afuel store

1 A feeding system that will supply fuel from the store to the boiler
1 An automatic (self-igniting and self-regulating) boiler.

Packaged systems are available on the market where all the three
above mentioned components are pre-assembled in factory and
delivered as containerized systems ready for connection to a building's
central heating system with minimum on-site installation work.

Biomass boilers can also be integrated into district heating schemes to
service several buildings from the same heat source, from a small
housing estate to large sections of towns and cities.

Input

The following sources of woody biomass suitable for biomass boilers
have been identified and their potential quantified during the first part
of the RE Roadmap study:

1 Wood chips from wood processing industry

1 Wood chips from forestry (thinnings, tree tops, etc.)
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1 Energy crops such as miscanthus and short rotation coppice.

The quality of the solid biomass fuel depends mainly on: moisture
content, particle size distribution, tree species, bulk density, level of
dust and fungal spores in the fuel, and ash content.

Freshly felled trees have a moisture content range of 40-60%, natural
drying can reduce moisture content levels to a minimum of about 20%.

1 For small installations (up to 250 kW), dry chips are needed with a
maximum of 30% moisture content.

9 For slightly larger installations up to 500 kW - chips with a
moisture content of up to 40% can be used.

1 Large installations closer to 1 MWth are tolerant to moisture up to
55% but consistency of moisture content is important to ensure
clean and efficient combustion.

For storage of wood chips, the following guidance may be followed:

9 chips with moisture content below 30% are suitable for long term
storage

1 chips with moisture content up to 40% are suitable for short term
storage (few months)

9 chips with moisture content of more than 40% should not be
stored

Typical properties of wood pellets and woodchips are:

Pellets
17,0 GJit

Chips
13,4 GJIt

Calorific Value

Or 4.7 kWh/kg
Or ca. 3077 kWh/m?®

Or 3.7 kWh/kg
Or ca. 750 kWh/m?

Water content 8% 25%

Density 650 kg/m® 200 kg/m®
0

Ash content (% of 05 % 1%

mass)

Output

1 Heat in the form of hot water (alternatively steam)

Sizing of the technology

Biomass heating systems are more capital intensive than conventional
boiler systems. It is therefore essential that biomass boilers are sized
correctly and operate at full load for as many hours as possible. A
back-up boiler using oil or LPG is often installed, also catering for
occasional peak loads.

Benefits

f Biomass is a carbon neutral fuel, and avoids CO2 emissions when
substituting fossil-fuels;

1 Creates a market for wood by-products from wood processing and
forestry which would have no or only limited alternative uses,
thereby contributing to a more sustainable forest management and
a more prosperous forestry sector;

1 Harvesting, production and delivery of solid biomass fuels creates
local jobs and alternative enterprises for the forestry and
agricultural sector;

I Biomass heating can readily integrate current heating systems in
dwellings and also larger buildings;

9 Their high operating temperatures (> 80 C) are very compatible
with district heating schemes6é requir€g
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1 The price of solid biomass fuels available in the area of interest
are significantly lower than their fossil fuel counterparts (3 - 3.5
cents for wood chips versus 7 cents for heating oil and 9 cents for

LPG.

Risks

I Large biomass projects will require secure supplies, with
consistent quality and stable prices. Long-term supply contracts
should be negotiated within which these parameters are fixed as

much as possible;

1 In a context of rising fossil fuel prices, competing demand for

biomass fuels will increase and so will their price;

1 Alternative markets to woody biomass such as board mills, stakes

and pallets can create pressure on wood fuel supply and prices;

1 Wood fuels with high moisture content do not store well,
decomposition results in loss of quality and energy value and can

be a source of health hazard;

1 Emission of particulates can be a significant source of air pollution
in areas with a high density of biomass heating with low quality

combustion;

9 Biomass boilers, especially with wet wood chips, do require

regular repair and maintenance;

1 Fuel deliveries can be frequent for large boilers, creating additional

traffic.

Infrastructure & logistics

1 Footprint for a biomass boiler plant room and fuel storing and
handling equipment, as well as for access by delivery vehicles

is significant.

1 Wood chips or wood pellets are bulky fuels (3 MWh/m3 for
pellets at 8% moisture and 0.75 for chips at 25% moisture)

and require significant storage volume.

1 Chimney stacks can be quite high and need to be showed

clearly on planning application.

1 A weight bridge might be required to control fuel deliveries for

large projects.

1 Sufficient local heat demand required on site or through a

district heating scheme;

1 Fuel supply logistics are significant and should be planned

carefully.

Job creation

1 Construction
Operation and maintenance

1 Engineering, quality control, technical consultancy

4.2 Sample projects

4.2.1 Large-scale biomass boiler system, 2550 kW,

Overview

Wood heating system based on 3 x 850 kW boilers, plus a 800 kW

back-up oil boiler. The system to operate approx. 2300 full-load hours

per year in total. Biomass boilers to achieve a seasonal efficiency of
80% and to be compatible with wood chips with a high moisture
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content (up to 55%).

The wood heating system is envisaged to service a district heating
network located in the centre of town and supplying a number of
commercial and public buildings, as well as social housing (see project
5.2.1), with a total heat demand of approx. 3,900 MWh/yr.

The wood heating system and the district heating are analysed
separately so that district heating projects can be assessed with a
variety of heat sources.

Financial analysis Costs:

Lifetime (years) 15
Capital cost (0): € pcp.BO
Grant (u0): € -
Annualised capital ¢ enT 200
Annual running costs € HMY B
Revenues:

From heat sale to DH € 0 M .BMH

Return on investment:

Profit (u/lyr) € H (p200
Cost of heat sold to € 0.06
Internal Rate of Return (%):*® 8%
Net Present Value (0 € 25,91300
Comments: This biomass heating system can be competitive with oil heating and

be financially viable if delivering heat directly to a big heat user
(industrial facility with large thermal demand) on site or at a close
location.

When the costs of the district heating are added, the whole system
(biomass heating + district heating) becomes unviable when it has to
compete with oil heating (negative net present value).

This would be different when having to compete with LPG, electrical
heating and solid fuel heating in open fireplaces.

13 Return on investment if heat sold to DH to allow the DH to sell heat at a competitive price to oil heat
cost (oil at 0 0.70/litre, 80% dodcleld. 2fKWkRiecanxty)f, oran
heating distribution service.i.e. heat sold to DH at
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4.2.2 Medium-scale biomass boiler system, 150 kWth

Overview

Wood heating system based on one 150 kW boiler, plus a 300 kW
back-up oil boiler. The system to operate approx. 2100 full-load hours
per annum in total. Biomass boilers to achieve a seasonal efficiency of
80% and to be compatible with good quality wood chips with a
moisture content of c. 30%.

The wood heating system is envisaged to service a district heating
network retrofitted into a social housing estate (27 houses) to replace
solid fuel heating in fireplaces with back-boilers (see project 5.2.2),
with a total heat demand of approx. 300 MWh/yr.

The wood heating system and the district heating are analysed
separately so that district heating projects can be assessed with a
variety of heat sources.

Financial analysis

Costs:

Lifetime (years) 15
Capital cost (0): € MT p.BON
Grant (0): € -
Annualised capital c € M09
Annual running costs € HN X0
Revenues:

From heat sale (0/yr € HH 200
From electricity sal € -
Costofheat by current '§y enad
Return on investment:

Profit (a/yr) -€ H M 200
Cost of heat sold tao eEnaod
Internal Rate of Return (%): Negative

Net Present Value (01 - H AN n.BH

Comments:

Heat supplied by wood boiler is more expensive than heat supplied by
an oil boiler at 80% efficiency (4 0.09/kWh).

Cost of heat sold by DH: G 0.20/kWh, including G 0.07/kWh for district
heating ownership and installation, compared to (0.13/kWh current
cost with coal heating.

4 Coal at 0.052 per kWh burnt in fireplaces with back-boiler at 40% efficiency.
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DS

This project is only viable if the social housing provider absorbs the
entire capital cost of the district heating system as part of an upgrade
of heating systems in the estate, and manages the billing of the DH
scheme.

This investment by the social housing provider can be justified on
environmental grounds and large improvement in comfort and quality
of life for the occupants.

4.3 Additional References:
[1] Trevor Buttimer, 2010. Submission of technical and financial data to support the modelling for the

feasibility study. REMS.
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5 Biomass pyrolysis

5.1 Factsheet

Technology Pyrolysis

Name

Technology

Description
Pyrolysis is the chemical decomposition of organic materials by heating in the
absence of oxygen or any other reagents, except possibly steam.
By pyrolysis biomass is converted to produce bio-0il(~55%), bio-gas (~15%) and
bio-char (~30%). Pyrolysis involves trade-offs between the production of biochar,
bio-oil and gas, and the process can be calibrated to maximise the output of
different products, depending on economic factors.
The energy used in the above processes is provided by the biomass itself in the
form of gas and other byproducts.

Input 1 Woody biomass

1 Municipal waste
Output Biogas or Bio-oil: The yield of the biogas or bio-oil is subject to the technology

employed. The bio-gas can be transported through pipework to the end user, or
condensed to bio-oil which can be transported for larger distances in trucks.

Heat and Electricity: The biogas can be utilized onsite for generation of heat or
electricity.

Biochar: The amount of biochar produced will depend on the temperature of the
pyrolysis (the higher the temperature, the less biochar is produced).
Technologies which specialise in the production of biochar operate at
temperatures around 350°C and only produce very little biogas. In some cases,
the biochar is also enriched with nutrients and can then be used instead of fossil
based fertilizers.
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Sizing of the

technology
Figure 16: Artist impression of fast pyrolysis demonstration project in The Netherlands.
Source: www.btg-btl.com
Pyrolysis is a well known principle however there are a limited number of
manufacturers of this technology. Economy of scale is very important for financial
feasibility of this technology, particularly in the case of pyrolysis for production of
bio-oil and refining of bio-oil for the use as transport fuel. The size of bio-oil
plants would start at approximately 100 tonnes per day of biomass.

Benefits 1 Versatile technology, capable of producing gaseous or liquid fuels, as

well as biochar as a valuable by-product.

I Biochar can be utilized as soil conditioner (provided the feedstock did not
contain any hazardous waste or materials that are not permitted to be
utilized for the soil conditioning);

1 Pyrolysis can be integrated with other renewable energy systems and
waste(water) treatment cycles, with agricultural activities, to generate
synergies and overall environmental and economic efficiencies.

Risks 1 A sufficient heat load is necessary to justify 24/7 operation of the
technology with CHP;

1 The feedstock has to be very clean if the biochar is to be utilized further
e.g. in agriculture.

1 Pyrolysis is a technology still under development and is complex to
operate. There may be higher maintenance requirement with some
pyrolysis unit as compared to other technologies.

I This type of project might be best developed in the framework of a
R,D&D project, with public funding and with strong technical involvement
of specialists (public and private research operations) and experienced
operators.

5.2 Sample project:

5.2.1 Wood-chip pyrolysis unit with 1 MWe CHP

Overview

Pyrolysis unit using approx 19,200 tFF of wood chips. Syngas used to
power a 1 MWe CHP unit, with an overall efficiency of 80% and 3.2
MW thermal output. Heat exported to one or several nearby large
anchor-users.

Financial analysis

Costs:
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Lifetime (years) 15
Capital cost (0): €pZno.60
Grant (0): € -
Annualised capital ¢ € pp H.BD
Annual running costs € MXYy D]
Revenues:

From heat sale (0/yr € MZp 0.002
From electricity sal € MZ n n.go:
Feed-i n tariff (0/ kWh) Enaod
Return on investment:

Profint (ualy € mMmn H.BOD
Cost of electricity EN
Internal Rate of Return (%): 11%

Net Present Value (0 € MZ o c.003

Comments:

Financial and technical parameters on capital and O&M costs based
on values provided by BPE Organics. Civil engineering, grid
connection costs, etc. estimates by the authors.

The results, which indicate a viable project, should be treated with
caution and parameters used should be benchmarked against existing
projects of a similar nature (limited in number). The technical
complexity of pyrolysis projects requires much deeper feasibility
studies based on advanced design and engineering of the plant.

Such a project, with its inherent complexity and level of risk, requires a
significant level of equity which would more than likely would have to
come from public funding e.g. through European R,D&D funding.

Biochar can have a significant value as a soil improver, however this
will depend significantly on the biomass fuel used and post-pyrolysis
treatment.

6 Biomass CHP

6.1 Factsheet

Technology Name

Biomass CHP
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Technology Description

Biomass CHP refers to combined heat and power plants fuelled with
solid biomass fuels e.g. wood chips from forestry or wood processing.
While most biomass CHP applications are large scale (> 2 MW
electrical, based on steam turbine system), there is a growing range of
smaller units available on the market based on a variety of
technologies, including (Tom Bruton, 2008):

I  Steam engines: high pressure steam is produed in a boiler
and drives a steam engine which runs a generator producing
electricity. Steam engines CHP system are only appropriate
for sites that require process steam and they have a poor
power to heat ratio;

1  Organic Rankine Cycle (ORC): ORC uses an alternative fluid
such as silicone to drive a turbine at a lower temperature and
pressure than a steam engine. They are a cost-effective
alternative to steam turbines/engines, have better
performance at partial load, and are simpler to operate and
maintain. However, ORC CHP unit have a low (20% or less)
electrical efficiency.

1 Gasification: gasification systems turn biomass into a
synthesis gas (syngas) through partial oxidation at high
temperature. The syngas is burned into a modified gas engine
to produce electricity, and heat is recovered as part of the
engine cooling. Gasification CHP units have a high power to
heat ratio (>30% electrical efficiency) but require dry fuel of a
consistent quality T producing syngas at a consistent high
quality is a significant challenge for gasification systems.

Other biomass CHP technology under R&D include stirling engine
CHP, fuel cells, pyrolysis units and micro-turbines.

Input

Woody biomass, such as:
1 Energy crops such as short rotation coppice, miscanthus, etc.
1 Wood chips from forestry or wood-processing;
1 Wood waste from demolition, packaging, etc.

Agricultural by-products and fossil fuels (oil, coal, natural gas) can also
be used to produce the steam.

Output

1 Heat (hot water or steam) and electricity:

1 Ash: 1% of wood mass. Can be applied as a fertiliser and soill
conditioner.

Sizing of the technology

Sizing will depend on a number of factors, in particular availability of
biomass fuel and the heat demand that can be serviced by the
plant.As a minimum, heat demand must be 600 kW (Tom Bruton,
2008).

Cost/Benefits

i Biomass CHP units are significantly more expensive than
fossil fuel CHP units. The average price for biomass CHP < 1
MWe is 4400 euro/kWe, compared to approximately 1000
euro/kWe for gas CHP;

1 Biomass CHP systems can be cost-effective, offering simple
pay-back periods as low as 3 years, but only where natural
gas is not available (fuel price similar to biomass).

Risks

1 Profitability very susceptible to cost of wood fuel and to
revenues from heat sales.

1 Such projects rely on long operating hours and therefore
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security of fuel supply and stable demand for the thermal
output is essential.

6.2 Sample project

6.2.1 Wood fuelled 1.5 MWe CHP

Overview

Wood CHP plant with steam engine, 1.5 MW electric capacity and 3.5
MW thermal capacity, with overall efficiency of ¢.80% and 6,500
operational hours per year. Fuel usage of 7,800 t wood chips (55%
moisture) per year. Heat used on site as process heat, or exported
(hot water or steam) to one or several nearby large anchor-users or to
a district heating system.

Financial analysis

Costs:

Lifetime (years) 15
Capital cost (u0): €6,000,00000
Grant (0): € -
Annualised capital ¢ €659,00000
Annual running costs €1,466,00000
Revenues:

Fromheatsal e (0/ yr): €1,138,00000
From electricity sal €1,170000.00
Feed-in tariff (0/ kWh) eEnaod
Return on investment:

Profit (a/yr): €183,00000
Cost of electricity € 11D
Internal Rate of Return (%): 14%

Net Present Value (0 €2,850,00000

Comments:

One of the most profitable among the projects analysed. Key factor will
be the cost of the wood fuel supplied and reliability of supply in order
to guarantee long operating hours. Viability depends also on
continuous heat demand for the heat output, through a large district
heating scheme (of the scale anticipated for Clonakilty) or a big
individual heat user on site.
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7 Wind Energy

7.1 Factsheet

Technology Name

Wind turbines

Technology Description

Wind turbines convert the energy in the wind into electricity. Wind
energy projects consist in multi-MW wind farms on-shore. Off-shore
wind farms are now being developed extensively in Europe.

Onshore:

Onshore wind systems have some advantages over offshore wind
farms:

1 cheaper foundations;

1 cheaper integration with the electrical-grid network;

1 cheaper installation and access during the construction phase;
1 cheaper and easier access for operation and maintenance.

However, on-shore wind has to take into consideration the impact of
terrain on the air movement and thus the output of such turbines is
going to be less stable than the output of offshore turbines.

Offshore:

Offshore wind turbines are generally bigger than onshore turbines to
take advantage of the stronger less turbulent winds found offshore and
economies of scale.

Offshore wind delivers considerably higher load factors, offering
between 1.5 and 2 times the efficiency of onshore wind.

Given that an adequate wind resource is present, academic research
indicates that for feasible off-shore sites, the necessary conditions are;
a seabed slope of not more than 5% and a total water depth not
exceeding 35 metres.

\
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Input

Average wind speeds in the area of inte
areas to 9 m/s at high points (50 m hub height). Wind turbines start
operating at approximately 4 - 5 metres per second (approximately 16-
18 km/h) reach a maximum output at 12 - 14 m/s and automatically
shut down for safety at wind speeds greater than 25 m/s
(approximately 80 km/h.).
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Output

A modern wind turbine produces electricity 70-85% of the time, but it
generates different outputs dependent on wind speed. Over the course
of a year, it will generate about 31% of the theoretical maximum output
(average capacity factor for on-shore wind farms (www.iwea.ie )). This
means that the total yield of a 1 MW turbine over one year is going to
be approximately 2,700MWh (31%x365x24x1MW).

Offshore wind farms avail of higher, more consistent wind speeds and
are expected to deliver a capacity factor of 40%.

Sizing of the technology

Commercial wind turbines have continually increased in size and
nominal capacity, with recent turbines achieving 2.5 MW capacity (95
m rotor diameter). Taller and bigger turbines allow to capture higher
wind speeds (wind speed increases with height) and reduce specific
costs (U/ kWe). However, smaller
used where access and transportation of very long blades is difficult
and where visual impact and planning impose restrictions on turbine
height. Key design parameters include wind speeds and turbulence
created by the landscape and neighbouring obstacles, as well as
restrictions by the capacity of the grid to take the wind power
generated. In addition, wind farm layout will take into consideration
interaction between turbines, safety distances to boundaries, roads,
power lines, etc.

Offshore wind turbines typically have a higher electricity output than
onshore, with turbines of 5SMW capacity now in production, and larger
turbines of up to L0MW capacity in development.

Benefits 1 The wind energy industry is well-established in Ireland and
continues to create jobs.

1 Wind energy technology is trusted and good wind energy
projects have been successful at attracting finance.

i The wind is a free primary energy source, offering a secure
long-term supply.

1 The actual footprint of wind farms is relatively small and land
underneath the turbines can continue to be used for cultivation
or grazing.

Risks 1 Good wind speeds are essential for the feasibility of a project

and wind projects require prolonged wind monitoring and
analysis to establish energy potential,

i Planning is often a key constraint to wind energy
developments, with visual impact, noise, natural habitats,
archaeology being important considerations. Responsible
public consultation and engagement with the community is
critical.

9  Grid connection is another significant hurdle and cost for wind
energy projects, and should be studied carefully at early
design and feasibility study stage.

7.2 Sample Projects:

7.2.1 45 MWe on-shore wind farm

Overview

Wind farm consisting of 5 x 850 kWe wind turbines, with a hub height
of 50 m. Average wind speed at 50 m is 8 m/s and wind sheer
exponent is 0.2. A capacity factor of 33% is achieved. Grid connection
is available to 38 kV substation within less than 10 km. A lifetime of 20
years is assumed.
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Financial analysis

Costs:

Lifetime (years) 20
Capital cost (0): € C 2y n00l
Grant (0): € -
Annualised capital ¢ € ¢ n m.BY
Annual running cost s € MO0 0.B0
Revenues:

From heat sale (0/yr

From electricity sl €y on.pn
Feed-i n tariff (0/ kWh) Enaod
Return on investment:

Profit (a/yr) € p h00
Cost of electricity EN
Internal Rate of Return (%): 11%

Net Present Value (0 € H X n o.003

Comments:

Cost data was obtained from the Tipperary Energy Agency [1] who are
engaged in a community wind farm project.

While the cost of the electricity unit produced appears high, it will
eventually become less than the feed-in tariff which is index-linked
(2.5% annual inflation rate). The lifecycle cost analysis indicates a
viable project.

Community wind farm projects are slowly emerging. Experience from
other community-based projects will be essential in apprehending wind
energy projects here.

There are significant risk capital outlays to be invested in wind energy
projects (as with most other renewable energy projects analysed in
this study), notably for wind monitoring and analysis, planning
applications, grid connection applications, etc. Finding the finance to
fund these early steps will be critical for community-based projects.

7.2.2 4. 70 MWe off-shore wind farm

Overview

Wind farm consisting of 14 x 5 MWe wind turbines, with a hub height
of 80 m. Average wind speed at 50 m is 9.5 m/s and a capacity factor
of 39% is achieved.
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Financial analysis

Costs:
Lifetime (years) 15

Capital cost (0): € HN P ZN00J

Grant (0): € -
Annualised capital ¢ EHCZY PO
Annual running cost s € ¢ 2 ¢ h@0:
Revenues:

Fromheatsal e (0G/ yr):

From electricity sal €EOoOy Zc ™
Electricity tariff ( EN
Return on investment:

Cost of electricity € p Zn o.Q02
Profit (a/yr) ENnNg
Internal Rate of Return (%): 12%

Net Present Value (0 €Eyc2zZmMO

Comments:

This is a purely hypothetical project. Further investigations are
required to establish the depth and nature of the seabed off-shore of
the area of interest to establish its suitability for wind turbine
installation.

The analysis has been performed on the basis of data published in the
literature about off-shore wind energy projects. A much more detailed
analysis is required before the potential feasibility of off-shore wind
projects here can be established.

The cost of the wind electricity produced is marginally below that of the
REFIT tariff for off-shore wind, leaving little margin for error.

The acceptability of off-shore wind for the local community and other
users of the foreshore is unknown, and any plans for such projects
would have to tread carefully and engage in long-term communication
and consultation.

7.3 References:

[1] Tipperary Energy Agency. Advice on community wind farm projects and capital and O&M costs.
Oral communication with Seamus Hoyne, August 2010.
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8 Solar photovoltaic system

8.1 Factsheet

Technology Name

Solar photovoltaic system

Technology
Description

Solar photovoltaic (PV) systems convert sunlight directly into electricity. A
solar PV system is generally composed of the following components:

In Ireland, most solar PV applications are domestic scale but there are
examples of installations on commercial or public buildings with nominal
capacity in excess of 50 kW. In countries such as Germany, Spain and lItaly,
the government incentive programmes there have resulted in the installation
of multi-MW solar farms e.g. the Lieberose Photovoltaic Park in Germany has
a total capacity of 53 MW and is made of 700,000 solar modules.
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Solar modules composed of cells of semi-conductor material exhibiting a
photovoltaic behaviour. The modules generate a direct electrical current.
Typical modules for grid-connected systems have a nominal power of
between 100 and 250 Watts and are assembled into arrays with a nominal
capacity of a few kW in domestic applications up to multi-MW solar farms;

An inverter system that converts the direct current (DC) produced by the
solar array into alternate current (AC) complying with the quality standards
required for grid connection;

Balance of system including mounting system for the solar arrays, wiring,
connection to the grid (substations for solar farms), grounding and lightning
protection.

Input

Once the PV system is installed, its sole input is solar energy. In Ireland, the
annual solar irradiation varies from an average 950 kWh/mz2,yr in the Northern
part of the island to 1050 kwWh/m2,yr in the Sunny South-East.

PV is a very robust technology with a low rate of failure and requires minimum
maintenance. Reputable manufacturers of PV offer warranties on the output

of their modules in excess of 20 years (generally 80% of nominal power rating
is guaranteed). It is commonly accepted that PV modules have a lifetime of at
least 25 years; however the inverters have a limited lifetime of up to 15 years.
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Output

Monitoring data recently received from a humber of installations in Ireland
indicates that the potential output of a PV system is between 900 and 1,100
kWh per kW of PV capacity and per year. This varies with the location and
efficiency of the system, as well as the orientation and inclination of the

modules.

Sizing of the Solar PV is a highly scalable technology. Sizing the array typically takes into

technology consideration the following constraints:

1 Budget: PV is a capital intensive technology with prices varying from
3 to 6 euro per W of power capacity, depending on scale and market
demand;

1 Area available for installation: Module area for installation on a
sloped surface (tilt roof) or module area x 3.5 for installation on a flat
surface (ground mounted);

T Electrical l oad of the site if
electricity (15).

Benefits 1 The solar PV industry is well-established in Europe and there are
number of companies in Ireland with suitable experience to undertake
large solar installations in partnership with European turn-key
operators.

1 Solar PV uses a free, reliable fuel source, the sun. It displaces
electricity from the grid which has a high CO2 content (c.550 grams of
CO2 per kWh used);

9 Solar PV has an energy payback period of c. 3 years.

I Solar PV has a very low O&M requirement and has a long lifetime.

1 Solar PV when installed on a roof or as a canopy (e.g. over car park)
has virtually no footprint.

1 Due to the unobtrusive nature of PV, planning constraints are less
critical than for other renewable energy options (no noise, no moving
parts, no disturbance of radio signals, etc.)

Risks 1 Shading is the number one factor affecting the potential yield of a PV
system and must be avoided at all cost;

1  When ground-mounted, solar PV occupies a large ground area which
makes this kind of installation most suitable for land with marginal
value such as steep south-facing slopes or marginal agricultural land
(e.g. sheep grazing land where sheep can continue grazing between
the s