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6.3 Natural Gas

Natural gas is the lowest carbon emitting fossil fuel. According to the IEA natural gas is set to play a central role in
meeting the world’s energy needs for the next two-and-a-half decades. The IEA World Energy Outlook (IEA, 2010b)
forecasts that growth in demand for natural gas far surpasses that of any other fossil fuel due to its more favourable
environmental and practical attributes and constraints on how quickly low carbon technologies can be deployed.
Final energy use of natural gas globally grew faster than any other fuel over the period 1990 to 2009 and natural gas
was second only to renewables in terms of growth of primary energy demand over the same period.

Natural gas makes up a quarter of the European primary energy supply. The European Union has a 38% import
dependence for natural gas.

Ireland was responsible for 0.16% of global gas consumption in 2009 and 1% of OECD Europe consumption (at
approximately 5 billion cubic metres per annum). While Ireland has some indigenous natural gas, 93% of natural
gas used in Ireland in 2009 was imported. All of Ireland’s imported natural gas is sourced from the United Kingdom.
Ireland’s imports made up 37% of the total UK natural gas exports in 2009 and 7.4% of the total UK production in
2009.

6.3.1 Natural Gas Usage

Figure 29 presents an energy flow diagram for gas usage in 2009. The total input, categorised by imported and
indigenous, is shown on the left while outputs on the right are categorised by sector. This illustrates that the majority
of gas is imported (93%) and electricity generation is responsible for the largest share of output (63%).

Figure 29 Natural gas energy flow in Ireland in 2009
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The growth in natural gas demand is shown in Figure 30. Natural gas had a 24% share in industrial energy
consumption, a 20% share in residential energy use and a 26% share in the services sector in 2009. Total gas demand
has increased over the period 1990 to 2009 by an average of 7.5% per annum (for a total increase of 198%). Use of
gas in the power generation sector in particular has been strong and growth over the period was 227% or 6.4%
per annum over the period. By the end of 2009, 64% of total gas was used for power generation. Natural gas use
decreased in 2009 by 4% due largely to the fall in electricity demand.
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Figure 30
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Forecast data for indigenous production of natural gas are available from the SEAl modelling team’s annual national
energy forecasts. Data presented in Figure 31 for the period to 2020 shows that the forecasted demand is far in
excess of what will be available from indigenous sources. Indigenous gas from the Corrib gas field is assumed to be
available from 2012/13 as estimated by the IEA and discussed in the recent developments section (3.2.1).

Figure 31 Forecast of gas supply and demand to 2020
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Currently all gas imported into Ireland comes from the UK so it is relevant to examine the situation in the UK. Itis
anticipated that the UK will have a 70% import dependence on natural gas by 2020 (UK National Grid, 2010) as shown
in Figure 32. This is due to the anticipated depletion of production from the UK continental shelf (UKCS) at a rate of
4% per annum. However the UK s also investing in liquid natural gas (LNG) terminals which transform gas in a liquid
state into a gaseous state. Their primary contribution is diversity away from pipeline gas. The UK LNG capacity was
approximately 5 bcm at the end of 2009 and is expected to rise to 23 bcm by 2020. The UK natural gas demand in
2009 was approximately 91 bcm, this excludes exports to Ireland through the UK interconnector (IUK).

Figure 32 Annual UK demand and potential supply 2000 to 2019
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6.3.2 Natural Gas Infrastructure

Ireland’s natural gas infrastructure is presented in Figure 33. The natural gas transmission network in Ireland is
operated by Gaslink since 2008. The total transmission network length at the end of 2010 was 2,373 km while
that of the distribution networks was 10,856km (Bord Gais Eireann, 2011). The high pressure transmission network
conveys gas from two entry points (at Inch and Moffat) to directly connected customers and distribution networks
throughout Ireland, as well as to connected systems at exit points in Scotland (the Scotland-Northern Ireland
Pipeline) and the Isle of Man.

The Moffat entry point, located onshore in Scotland, connects the Irish natural gas system to that of Transco in
the UK, and allows for the importation of UK gas to Ireland but not exportation of gas from Ireland to the UK. The
Inch entry point, located in Cork, connects the Kinsale and Seven Heads gas fields and the Kinsale storage facility
to the onshore network. The Irish system has three compressor stations, Beattock and Brighouse Bay in southwest
Scotland, and Midleton near Cork.

The maximum import capacity for the interconnectors is imposed by the capability of the compressor stations
to deliver high pressure flows into the pipelines. This current limit is 1.24 million cubic metres per hour. Further
compression power and/or onshore pipeline reinforcementin Scotland could enable the interconnectors to increase
this limit. However according to the latest forecasts from Bord Gais Eireann’s annual report, Ireland’s transmission
network infrastructure has the capacity to transport the anticipated gas demand to all end consumers in 2010 and
beyond.
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In the long term there will be an increasing reliance on the interconnectors to access European gas sources. The
traditional sources of the Dutch and UK sectors of the North Sea are in decline and future gas supplies are projected
as being delivered from more distant fields such as the northern Norwegian sector or via LNG from outside the EU.
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Figure 33 Map of the gas grid
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6.3.3 Natural Gas Storage

Increasing gas storage will enhance gas energy security due to a diversification from the dependence on the UK
market. Ireland’s first storage facility commenced operations in 2001 in the Southwest Kinsale Field. The facility
enables gas to be injected (stored) on minimum demand days during the summer months and delivered to the Irish
market in the winter when demand is higher. The CER has licensed the facility and it was made available to third
parties from 1st June 2006. As detailed in section 3.2 there are also plans for LNG storage in Shannon and two salt
cavity gas storage projects in Larne Lough in Northern Ireland.

6.3.4 Biogas

Biogas is 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 and hydrogen. Farm, municipal or industrial-
based anaerobic digestion 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 (typically 40°C). The biogas produced can
be upgraded to fossil (‘natural’) gas quality. Bord Gais has a conservative estimate that the potential biomethane
resource in Ireland is 0.4 bcm/a or 7.5% of the national gas demand requirement in 2009 or the equivalent of heating
approximately 300,000 homes each year (Bord Gais Eireann, 2011). Biogas could also be used as a transport fuel,
diversifying the fuel mix used for transport. However there are obstacles to making biogas commercially viable, not
least of all cost.
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6.4 Electricity

The Commission for Energy Regulation (CER) holds the statutory obligation to monitor electricity security of supply
in Ireland and work closely with all market players to ensure long term electricity security. The legal basis for this is
founded in Regulation 28 of Statutory Instrument (SI) 60 of the 2005 - ‘European Communities (Internal Market in
Electricity) Regulations 2005". This monitoring includes:

e the balance between supply and demand,

e the level of expected future demand,

o the envisaged additional capacity being planned or under construction,

e the quality and level of maintenance of the transmission networks,

e the measures to cover peak demand, and

e the measures to deal with a shortfall of capacity by one or more suppliers.

In the short term electricity energy security is dependent on operational security only. In the longer term the issue
is more complex and the security of electricity supply is dependent on access to primary fuels, market adequacy and
system adequacy which in turn is reliant upon generation adequacy and network adequacy.

6.4.1 Electricity Generation

Figure 34 shows graphically the flow of energy in electricity generation and supply. The relative size of the final
electricity consumption and the energy lost in transformation and transmission is striking. These losses represent
55% of the energy inputs. The dependence on natural gas in electricity generation in 2010 was 61% . The small,
but growing, contribution from renewables is also notable as is the dominance of gas in the generation fuel mix.

In terms of energy security the dominance of gas is a significant risk both to the physical security of supply and
also of exposure to price variation. Increasing the share of renewable electricity is a way to reduce the reliance on
imported fossil fuels for electricity generation and to reduce the dominance of natural gas in electricity generation.

In 2010, renewables accounted for 7.4% of the energy inputs to generate electricity with wind contributing 4.9% of
total inputs. Wind accounted for 66% of the renewable energy used for electricity generation in 2010. However
it should be noted that variable renewable electricity sources, in particular wind, introduce short term risks to the
security of the electricity supply.

Figure 34 Energy flow in electricity generation and supply
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Figure 35 shows a similar picture to Figure 34 except that the electricity outputs are shown by fuel used to generate
the electricity and as percentages for the purposes of comparison with the various targets. Renewable generation
makes use of wind, hydro, landfill gas, biomass and other biogas and in 2005 accounted for 6.8% of gross electricity
consumption. This increased to 14.3% in 2009 but dropped back to 12.9% in 2010. When normalisation is applied
to the wind and hydro contributions, to smooth the effects of climatic variation, the renewable generation as a
percentage of gross electricity generation was 13.7% in 2009 and 14.8% in 2010. The national target was 15% by
2010 and is 40% by 2020. Normalised figures will be reported as the progress towards the national targets.

Figure 35 Flow of energy in electricity generation - fuel inputs/electricity outputs 2010
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Figure 36 shows the growing trend in gross electricity consumption for Ireland over the period 1990 - 2010. It
illustrates the changing shares of each fuel/energy source. The doubling of gross electricity consumption over the
period is striking, as is the growth in gas-generated electricity.

Figure 36 Gross electricity consumption by fuel source
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As shown in Table 7, the share of gas generation increased from 28% in 1990 to 61%in 2010. Renewable energy nearly
trebled its share, in the context of a doubling of overall gross electricity consumption. Note that the renewable
contribution in Table 7 is not normalised for the installed capacity and weather variations; normalised values are
detailed in Table 9.

Table 7  Gross electricity consumption percentage by fuel source

% of Gross 1990 1995 2000 2005 2006 2007 2008 2009 2010
Coal 41.6 39.9 28.7 23.1 204 18.8 17.3 14.5 143
Peat 15.8 11.5 7.4 8.9 7.4 74 9.1 9.5 7.7
Qil 9.9 15.1 19.5 12.1 9.4 6.8 7.3 33 1.8
Gas 27.7 29.3 389 41.8 48.1 529 53.1 55.6 61.8
Renewables 5.0 4.2 5.0 6.8 8.6 9.4 11.9 14.4 12.9
Imports 0.0 -0.1 0.4 7.4 6.2 4.6 1.5 2.7 1.6

Source: SEAI

The efficiency of electricity generation and supply are shown in Figure 37. Generation efficiency is defined as the
electricity produced from both thermal and renewable generators divided by the fuel inputs and expressed as a
percentage. Supply efficiency is defined as final consumption of electricity, excluding the generation plants’ “own
use” of electricity and transmission and distribution losses, divided by the fuel inputs required to generate this
electricity and expressed as a percentage. Thus, by definition generation efficiency is always going to be greater
than the supply efficiency as the electricity generators’ “own use”, transmission and distribution losses are not
considered as losses in the calculation of generation efficiency. Another difference in the calculations is thatimports
are excluded from the generation efficiency calculation.

From the mid 1990s onwards the influence of the use of higher efficiency natural gas plants and the increase in
production from renewable sources are evident. The sharp rise between 2002 and 2004 (from 35% to 40%) is
accounted for, principally, by the introduction of new Combined Cycle Gas Turbine (CCGT) plant (392 MW in August
2002 and 343 MW in November 2002), an increase in imports of electricity and the closure of old peat fired stations.

Improvements in efficiency in 2007 were due largely to the commissioning of two further CCGT plants, Tynagh (384
MW) in 2006 and Huntstown 2 (401 MW), and the increase in renewable electricity. In 2010 two new combined cycle
gas turbine units (CCGTs) were connected in Cork with a combined capacity of 877 MW. The steam turbine in Marina
was also decommissioned and Marina is now operating as an open-cycle gas turbine (OCGT). While OCGT plants
are not as efficient as CCGT plants, in this case there was an improvement in efficiency through the installation of a
new generator. Two open-cycle distillate peaking units in Edenderry, with a total generating capacity of 114 MW,
became operational in 2010. These new peaker plants are also an improvement in efficiency compared to reliance
on older oil based peakers. ESB Power Generation decommissioned two units at Poolbeg in March 2010, giving a
reduction in capacity of 219 MW. This is in addition to a third 242 MW unit at Poolbeg which was decommissioned
in 2007.

As well as the change to more efficient gas plants the increase of renewables in the system has contributed to the
overall efficiency improvement. At the end of 2010 the installed wind capacity was 1448 MW. Due to low wind
speeds in 2010, resulting in a capacity factor of only 24% as opposed to an average of over 30% for the previous
eight years, there was a deterioration in efficiency. As 2010 was also a relatively dry year, the hydro contribution was
the lowest in twenty years, which also contributed to the efficiency deterioration.
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Figure 37 Efficiency of electricity generation and supply 1990 to 2010
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6.4.2 Electricity from Renewables

The contribution from renewable energy sources to electricity generation is plotted in Figure 37. Because of the
variability of renewables in the short term conventional plant with flexibility is required for short term energy
security in order to integrate more renewables on the grid.

Figure 38 Renewable energy (%) contribution to gross electricity consumption by source
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Table 8 Renewable electricity as percentage of gross electricity consumption

1990 1995 2000 2005 2006 2007 2008 2009 2010

Renewables % of Gross Electricity 4.9 4.1 5.0 6.8 8.6 9.4 11.8 14.3 12.9
Hydro 4.9 4.1 3.6 23 25 22 3.2 3.1 2.1
Wind - 0.1 1.0 4.0 5.6 6.6 7.9 10.3 9.7
Biomass - - 0.4 0.5 0.4 0.6 0.7 0.9 1.1

Source: SEAl and EirGrid

Table 8 shows the share of electricity generated from renewable energy sources (RES-E) in 2010 was 12.9%. A
significant milestone in 2009 was that wind energy accounted for over 10% of all electricity generation. Biomass
is a collective term comprising electricity generation from solid biomass, landfill gas and biogas, where landfill gas
provides the most significant input. The more than doubling of electricity generation from renewable energy is
clearly visible in Figure 37 and is dominated by the growth in wind energy.

In calculating the contribution of hydro and wind energy for the purpose of the overall 16% target for renewable
energy in Ireland by 2020 in Directive (2009/28/EC) the effects of climatic variation are smoothed through use of a
normalisation rule. The normalisation rule is specified in Annex Il of the Directive (2009/28/EC). When normalisation
is applied to hydro and wind the renewable energy as a percentage of gross electricity consumption changes as
detailed in Table 9.

Table 9 Normalised renewable electricity as percentage of gross electricity consumption

1990 1995 2000 2005 2006 2007 2008 2009 2010

Renewables % of Gross Electricity 53 4.6 4.8 7.2 8.7 9.9 11.1 13.7 14.8
Hydro (normalised) 5.3 4.5 3.4 2.7 2.6 2.5 2.5 2.6 2.6
Wind (normalised) - 0.1 1.0 4.0 5.6 6.8 7.9 10.2 11.2
Biomass = = 0.4 0.5 0.4 0.6 0.7 0.9 1.1

Source: SEAl and EirGrid

6.4.3 Electricity Demand

Electricity demand per capita increased by 65% over the period (2.6% per annum), as shown in Figure 39. The
impact of the recession can be seen in the significant drop (4%) in consumption per capita between 2008 and 2009 .

Figure 39 Electricity demand per capita
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The winter peak figures represent the expected annual peak demands that are forecast to occur in the October to
February winter period of each year; for example the 2010 forecast of 4,950 MW is the maximum demand projected
to occur in winter 2010/11. The peak for 2010 was 5,090 MW, which occurred on December 21°t. These peak forecasts
take account of the influence of demand-side management (DSM) schemes, such as EirGrid’s winter peak demand
reduction scheme (WPDRS).

EirGrid (the Transmission System Operator) forecast the transmission demand in an annual publication called
“Transmission Forecast Statement” (TFS) for three different scenarios, namely: the winter peak demand, the summer
peak demand and the summer valley or summer minimum demand. The summer minimum demand is relevant for
variable renewable energy as minimum demand periods that occur when the renewable resource is abundant could
mean not all the renewable power is required to meet demand. The summer peak refers to the average peak value
between March and September. This is typically 20% lower than the winter peak. While the overall grid power flow
may be lower in summer than in winter, this may not be the case for flows on all circuits. In addition, the capacity
of overhead lines is lower because of higher ambient temperatures, while network maintenance, normally carried
out in the March to September period, can weaken the network, further reducing its capability to transport power.

The annual minimum is referred to as the summer valley. Summer valley cases examine the impact of less demand
and less generation dispatched. This minimum condition is of particular interest when assessing the capability
to connect new generation. With local demand at a minimum, the connecting generator must export more of
its power across the grid than at peak times. In preparing the forecasts EirGrid reviewed historical summer valley
demand data and the analysis showed a trend over recent years of increasing summer valley demand.

Figure 40 presents the forecasts of transmission demand for the period 2011 to 2017 from EirGrid's latest Transmission
Forecast Statement. While it is difficult to accurately predict a peak demand figure for a particular year, the forecasts
in Figure 40 may be taken as indicative of a general trend in demand growth. Three demand values are presented
for each year: the winter peak, the summer peak and the summer valley. It can be seen that winter peak and summer
peak demand are both projected to increase by 12% over the course of the period, which is an average annual
increase of 1.9%.

Figure 40 Transmission peak and valley demand forecast 2010 to 2016
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6.4.4 Electricity Infrastructure and Investment

In terms of electricity infrastructure, Ireland relies on an extensive high-voltage transmission network and a medium-
and low-voltage distribution network to transport electricity domestically, detailed in Figure 41. The transmission
network , a meshed network of high voltage lines and cables for the transmission of bulk electricity, forms the
backbone of the electricity supply system in Ireland. EirGrid is the transmission system operator, responsible for
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planning and operating the transmission system. The main features of EirGrid’s transmission development plan are:

Completion of the 220 kV expansion project to Srananagh in the Sligo area to meet demand in the North West
and provide an essential route for power flows from future wind generation.

Expansion of the 400 kV system to provide necessary bulk transfer capacity out of Dublin and Moneypoint, and
between this system and the Northern Ireland system.

The strengthening of the networks in and around Athlone, Castlebar, Cavan, Cork City, Dunmanway, Galway,
Letterkenny, Meath Hill, Newbridge, Tullamore, and Wexford to meet demand.

Establishment of four new 220/110 kV stations in Kerry, three of which are required to connect renewable
generation.

Connection of nine new DSO stations and connection of nine new thermal generators to the transmission system.

Facilitating the connection of 1,424 MW of renewable energy from the Gate 2 process and 3,995 MW Gate 3 wind
applications.

EirGrid also has a longer term strategy for the development of the transmission system out to 2025, described in the
publication titled GRID 25.

ESB Networks Ltd. is the licensed operator of the electricity distribution system in the Republic of Ireland. They are
responsible for building, operating, maintaining and developing the electricity network and serving all electricity
customers in the Republic of Ireland. As Meter Operator, they also install, maintain and read all electricity meters. A
recent network upgrading project saw all of Ireland’s MV (Medium Voltage) overhead electricity network converted
to 20kV or refurbished. A comprehensive programme of asset replacement was also carried out in 2010 based on
asset condition, performance and system risk. This programme covered a wide range of network assets including:
overhead lines, underground cables, medium and low voltage substations.
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Figure 41 Electricity transmission and distribution system
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6.4.5 Interconnection

The electricity network in the Republic of Ireland is interconnected with Northern Ireland. The main interconnector
is at the Louth 220 kV station. The flows on this interconnector between January to June 2010 are shown in Figure
42. In addition there are 110 kV connections at Letterkenny in Co. Donegal and Corraclassy in Co. Cavan. The two
Transmission System Operators (TSOs) in the Republic of Ireland and Northern Ireland are jointly progressing plans

to develop an additional North/South interconnector. This interconnector is due to be completed between 2015
and 2017 (EirGrid and SONI, 2010).
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Figure 42 Flows on the North-South interconnector (Louth-Tandragee 275kV lines)

GWh
=Y
——

ow/\ .

N

QS S O O O O O O O O O O O O O O O © O 0 .»
'19'\ ’19 19'\ N °'\ °\ 0'\ e\ NN '\ '\ '\ \ '\ '\ \ '\ '\ \ '\ '\ \

Qo O O O

N INGIRN

N o O O O O

U CIRUIRY UIRCIR IR IR IR IR A A A O i
N AV A A %) UM A AU S o o o

QRN @w@(,@”&q@”e”‘,@“’@ 6’\0”’\°q®\°\°§4\°"°‘°¢°"\°‘°°®°i,\°

——Imports ——Exports

Source: EirGrid

The development of interconnection between the All-Island Electricity Grid system and other grids, for example
Great Britain and Europe, is considered necessary in order to facilitate greater amounts of renewable electricity. The
East-West interconnector between Ireland and Britain is due to be operational by 2012. Investigations are ongoing
into other possible interconnectors to either the UK or France. EirGrid states in its Grid 25 development plan that it
is likely there will be at least one other interconnector by 2025. However the likelihood of another interconnector
has been questioned given the reduction in electricity demand along with the new economic climate, both due to
the recession.

Ireland is also being considered for inclusion in an off-shore supergrid along with other northern EU countries and
Norway. The envisaged grid would integrate and connect renewable energy production capacities in the Northern
Seas with consumption centres in Northern and Central Europe and hydro storage facilities in the Alpine region and
in Nordic countries (European Commission, 2010b).
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6.5 Solid Fossil Fuels

6.5.1 Coal and Peat Consumption

Figure 43 presents an energy flow diagram for solid fuels in 2006. Coal and peat inputs are shown on the left while
outputs on the right are categorised by sector. It can be seen from Figure 43 that coal is the dominant solid fuel and
electricity generation accounts for the largest share of solid fossil fuel usage.

Figure 43 Energy flow 2009 - solid fuels
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The primary energy demand for coal and peat over the period 1990 to 2009 is illustrated in Figure 44. Over the
period consumption of coal and peat declined by 22% and 49% respectively. This is in part reflecting energy and
climate policies directed at diversifying away from carbon intensive fossil fuels. However, both coal and peat are
important sources of fuel diversity from a supply security perspective.

Figure 44 Coal and peat consumption 1990 to 2009
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6.5.1.1 Coal Imports
In 2009 coal (which in this case includes lignite, bituminous coal, manufactured ovoids and anthracite) imports into
Ireland totalled 2.2 million tonnes. Figure 45illustrates the type and origin of the coal used in 2009. The largest share

of Ireland’s imports of coal came from Columbia (42%).

Figure 45 Coal imports by country of origin in 2009
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Source: SEAI

6.5.2 Peat Production

Figure 46 shows the production of peat over the period 1990 to 2009. Milled peat is produced by Bord na Mdna
while sod peat is produced by the private sector. Total peat production peaked in 1995 at 8 million tonnes. Total
production in 2009 was 2.8 million tonnes, 81% of which was milled peat.

Figure 46 Peat production 1990 to 2009
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6.6

There is a public service obligation to use peat in electricity generation; see section 5.1.5.3. This is government
policy in order to maintain the use of an indigenous fuel source in electricity generation for energy security reasons
and in order to maintain employment in the relatively scarcely populated Irish midlands region. However a recent
study (Tuohy et al., 2009) suggests the current “must-run” mode of operation adopted for peat generation appears
sub-optimal. It shows that while peat is beneficial for one pillar of energy policy (security), the current usage of peat
is not optimal from a competitiveness or environmental perspective.

Solid Renewables and Wastes

The significant renewable energy sources in use in the electricity sector, biogas and renewables in transport have
already been discussed. Solid renewables and wastes are mainly used for generating heat, with just a small portion
used for co-firing of electricity generating stations with fossil fuels and for small combined heat and power units
(CHP). Renewables, which are mostly indigenous sources of energy, enhance energy security by reducing demand
for imported fossil fuels and also the exposure to their variations in price. They also contribute to diversification of
the fuel mix.

Approximately 34% of all primary energy was used for thermal energy, i.e. space or process heating, in 20009.
Renewable energy sources in the heat sector include solid biomass — mainly wood and wood wastes, geothermal
and solar thermal energy. There is a government target of 12% of thermal energy to come from renewable energy
sources by 2020. In 2009 share of renewables in the heat sector was at 4.2%.

While landfill gas first appeared in the national energy balance in 1996 and the biogas category including biogas
from waste water treatment plants has been used as an energy source since 2003, in 2009 a new category for solid
wastes to energy was added to the energy balance. Using wastes for energy not only enhances energy security by
diversifying the energy fuel mix but also contributes to waste management targets by diverting from landfills.
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7 Exploration Metrics

7.1 Oil and Gas Exploration

Figure 47 shows the amount of exploration for oil and gas taking place in Irish waters. The number of wells drilled
is currently very low, reflecting the perceived unattractiveness of Irish waters for mineral exploration. It should be
noted thatamong the 157 exploration wells that have been drilled since 1970, only 5 discoveries have been exploited.
They are: Kinsale Head, Southwest Kinsale, Ballycotton, Seven Heads and Corrib gas field which is currently under
development. The primary gas field in Ireland over the last decade, Kinsale, is in decline.

Figure 47 Wells spudded and drilled in Ireland for exploration 1970 to 2010
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An explanation of the graph legend is as follows:

e Exploration wells are drilled on valid prospects outside the interpreted limits of commercial or potentially
commercial discovered hydrocarbons.

e Appraisal wells are drilled subsequent to establishing the location of hydrocarbon accumulations, within
the interpreted limits of commercial or potentially commercial discovered hydrocarbons, for the purpose of
delineating the size and productive capacity of the reservoir(s), and

e Development wells are drilled for the purpose of production, injection, observation or disposal of fluid to or from
known fields.

The number of licences to explore that have been granted since 1992 and the number that are currently active are
shown in Figure 48. In October 2007 the terms were announced for a new oil and gas exploration licensing round
in the Porcupine Basin. From this round profitable fields will pay up to 40% in taxation to the Exchequer, an increase
of 15% for the oil and gas companies involved. The acreage on offer in the Porcupine Basin to the west of Ireland
covers unlicensed blocks in an area of approximately 63,500 square kilometres. The acreage on offer for Rockall
Basin off the west coast covered unlicensed blocks in an area of approximately 117,200 square kilometres.

In the most recent licensing round, the 2011 Atlantic Margin Licensing Round, 15 separate applications were
received, the largest number received in any round. The round was different from previous licensing rounds and is
designed to boost the level of exploration activity off the Irish coast. For the first time ever the area covered in the
2011 Round includes all of Ireland’s Atlantic sedimentary basins. The area on offer extends from about 30-380 km
from shore with water depths typically ranging from 200m, or less, to over 3000m?.
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25 Details available from the Petroleum Affairs Division of the Department of Communications, Energy and Natural Resources.
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Figure 48 Number of licences 1994 to 2009
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Source: DCENR (PAD)

7.2 Shale Gas

Three companies were awarded exploration licensing options in early 2011 for on-shore gas in the Lough Allen
Basin, also known as the North West Ireland Carboniferous Basin, and in the Clare Basin, targeting the natural gas
resource potential of the two basins, which had been identified in earlier exploration. The Licensing Options are
valid for a period of up to a maximum of 24 months and may not be extended. Option-holders are required to hold
a Petroleum Prospecting Licence for the full duration of the Licensing Option. The Licensing Options are subject
to the Licensing Terms for Offshore Oil and Gas Exploration, Development and Production 2007%. By late 2012 or
early 2013, an assessment of the petroleum resource potential for the area must be provided to the Department
of Communications, Energy and Natural Resources (DCENR), along with costed plans for further exploration or
exploitation. Prior to commercial exploitation an exploration licence is required and also a Petroleum Lease.

Shale gas is extracted using a process known as hydraulic fracturing. In the past, the oil and gas industry considered
gas locked in tight, impermeable shale (shale gas) uneconomic to produce. However, advances in directional well
drilling and reservoir stimulation have dramatically increased gas production from unconventional shales (Andrews,
et al., 2009). Hydraulic fracturing will not take place in the basins North West Ireland Carboniferous and the Clare
during the period covered by the Licensing Options (2011 to end of 2012/early 2013). There are concerns about the
environmental impacts of hydraulic fracting which would need to be addressed prior to the issuing of exploration
licences.

7.3 Coal

There may also be reserves of coal. For example, the Kish Bank Basin, offshore of Dublin, is thought to contain
significant quantities of bituminous coal. However, an extensive programme of exploration is required to quantify
resources. A Geological Survey of Ireland report in 1986 considered the potential for exploiting this coal. Currently,
however, there are no exploration licences covering the area.

7.4 Peat

Peatlands cover 1.03 million hectares of the Republic of Ireland and approximately 25,000 hectares, or 8% of the
area once classified as raised bogs is currently actively harvested. There has not been any new bogs acquired in the
last 20 years by the state agency responsible for peat harvesting (Bord na Mona). Under the EU Habitats Directive
Ireland is obliged under Articles 2 and 4 to protect and, where possible, restore raised boglands.
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26 Available at: http://www.dcenr.gov.ie
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8 Supply/Demand (5/D) Index

As part of the continuing commitment to develop and improve energy security indicators, SEAl commissioned
the following research in 2010 which updates and examines the supply/demand index of Security of Supply for
Ireland. The S/D Index is a Security of Supply indicator developed by the Energy Research Centre of the Netherlands
(ECN) and Clingendael International Energy Programme (CIEP). The first version of the index was published in 2006
(Scheepers et al., 2006). In 2006, SEAI commissioned ECN to calculate the S/D Index for Ireland for the years 2005
and 2020 (SEAI, 2006). The S/D Index was updated in 2007 and then proposed to be one of the three components
of an ‘EU standard’ for the security of energy supply (Scheepers et al., 2007). Following this update, SEAl requested
ECN to calculate the S/D Index for Ireland again, based on Irish national energy balances for 2005 and 2006, and a
national forecast.

This section describes the results of quantifying the S/D Index for Ireland for the years 2008 and 2020. The results are
presented in Section 8.3. The quantification is based on 2008 data for Ireland, the most recent available when the
update was commissioned. The results for the EU-27 Member States can be used to establish the relative position of
Ireland. The PRIMES based quantifications, as reported in Scheepers et al. (2007), have been used for this purpose.
Section 8.2 provides more details on the data assumptions for Ireland.

The 2008 quantification is based on a combination of data sources:

e The 2008 national energy balance provided by SEAI,

e Eurostat data?” or PRIMES model result (EC, 2006) from supplemented with information from other sources (IEA,
2006). These sources are used to supplement the data that are not available from the SEAl energy balances.

In addition, ECN has quantified the S/D index for the year 2020 based on four scenarios:

e SEAI forecast for 2020, ‘SEAI Baseline’ scenario. This scenario does not constitute an expected outcome, but is
the counterfactual scenario against which the expected impact of various policy measures can be compared.

e SEAI forecast for 2020, ‘SEAI White Paper plus’ scenario. This scenario shows that Ireland will almost achieve the
16% RES target of the EU Renewables Directive as well as fully achieve the national targets.

e The 'EU Trends to 2030 - Update 2009’ Baseline and Energy Efficiency scenarios (EU, 2010a). These scenarios
provide the most recent European Commission estimates for the year 2020, based on quantification by the
PRIMES model. The results of this quantification are summarised in Section 5.1.3.1, mainly to compare them with
the SEAI 2020 scenarios.

8.1 Description of the Supply/Demand Index

The S/D index aims at reviewing and assessing energy security of supply in the medium and longer run. The S/D
Index covers final energy demand, energy conversion and transport and primary energy sources supply (PES). It
uses four types of inputs; two objective types and two types of a more subjective nature. The objective inputs
concern the shares of different supply and demand types (i.e. for demand: industrial use, residential use, tertiary
use and transport use; for supply: oil, gas, coal, nuclear, RES and other) and the values characterizing capacity and
reliability in conversion and transport based on the secondary energy carriers (electricity, gas , heat and transport
fuels). Figure 49 displays the conceptual model of the elements considered in the overall S/D Index.
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Figure 49 The S/D Index Model Structure
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The subjective inputs concern the weights which determine the relative contribution of the different components
in the Index (such as the relation between supply and demand outputs in the Index, or the relation between EU
imports and non-EU imports) and the scoring rules for determining various Index values reflecting different degrees
of perceived vulnerabilities.

Six cases have been quantified for Ireland:

e |E-2008s-base Quantification of the S/D index for 2008 based on the energy balances provided by SEAI,
supplemented with data from Eurostat and the European Commission.

e |E-2020-base Quantification of the year 2020 based on the SEAI Baseline forecast, supplemented with
data from Eurostat and the European Commission.

e |E-2020-base2 As |E-2020-base, but with alternative assumptions on the origins of imports of oil and gas.

e |E-2020WP Quantification of the year 2020 based on the SEAI White Paper Plus (WP+) forecast.

e |E-2020-Primbase Quantification of the year 2020 based on the PRIMES Baseline (EU, 2010a).
e |E-2020-Primref ~ Quantification of the year 2020 based on the PRIMES Reference scenario (EU, 2010a).

The results are summarised in Figure 50 and Table 11. In addition to the overall S/D index, Table 11 provides the sub-
scores and the weighing factors with which the sub-scores are combined into the overall S/D index. Results should
be assessed with consideration of the data assumptions laid down in the next section.

Data Assumptions - Ireland

This section provides a brief overview of the main data assumptions for the cases quantified.

8.2.1 2008 Assumptions

For the 2008 quantifications, the SEAl energy balances were used to the best possible extent, resulting in estimates
for:

e Final energy demand shares (weights for demand scores).

e Shares of primary energy sources (weights for PES scores).

e Import dependencies (used in scoring PES).
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Other information provided by SEAl includes:

e CHP share in electricity production (used in scoring C+T heat share).
e Average efficiency of thermal electricity production (used in scoring electricity).

Eurostat data have been used for the import origin of oil and gas, in particular the share of the imports coming from
outside the EU and Norway. In 2008, these shares amounted to 16% and 0% respectively. Oil imports from outside
the EU originate from Libya.

European Commission benchmarking reports have been used to establish the electricity reserve margin and import
capacity share, resulting in 10.4% (domestic capacity in relation to peak demand) and 6% (import capacity as fraction
of domestic capacity), respectively. The CHP shares were estimated by SEAI (SEAI, 2010a) and equal 6.3%, for 2008.
According to the most recent PRIMES results, the CHP share in 2005 was equal to 2.6%.

The efficiency of electricity generation equalled 46.6% in 2008 (ECN calculations based on figures provided by SEAI).

8.2.2 2020 Assumptions

The following parameters have been adopted from the SEAI forecasts for the year 2020%":

¢ Final energy demand shares.
e Shares of primary energy sources.

o Average efficiency of thermal electricity production, 44.9% and 50% from the SEAI Baseline & SEAI WP+ scenarios
respectively.

e Interconnection capacity increase to 900 and 1400 MW_ for the Baseline and WP+ scenarios, respectively.
e The CHP share was assumed to be equal to the 2008 energy balance value (6.3%).

The same parameters have been calculated or adopted from the PRIMES ‘EU Energy Trends to 2030 - Update 2009’
forecast for the year 2020:

¢ Final energy demand shares.
e Shares of primary energy sources.

e Average efficiency of thermal electricity production 46.9% and 45.7% for the baseline and reference scenarios
respectively.

e The interconnection capacity increases by 500 MW from 2012 onwards due to the new interconnector linking
Wales to the Republic of Ireland. This capacity increase adds to the existing Moyle 400 MW link between Northern
Ireland and Scotland. This equals the assumption in the SEAI Baseline scenario.

e CHP shares of 4.6% and 4.5% for Baseline and Reference scenarios (EU, 2010a) respectively. These shares are
lower than in SEAI's own forecasts for 2020.

The SEAI 2020 forecasts do not provide figures for the import dependencies, therefore they are assumed to be equal
to the SEAI 2008 energy balance figures. The PRIMES forecasts provide specific values for the import dependencies
in the year 2020. Crude oil and natural gas import shares coming from within the EU and Norway are mainly based
on SEAl input to Eurostat.

8.3 Results

8.3.1 2008 Results

Based on this new analysis, the result for the year 2008 shows a minor decrease to about 72, compared to the
previous scores for the years 2006 and 2007 as obtained from the analysis in 2007 (SEAI, 2007). All of these scores
compare well to the other EU-27 Member State (MS) cases as scored for the year 2005 (SEAI, 2007; Scheepers et al.,
2007; Jansen and Seegregts, 2010).
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Ireland’s S/D index for 2008 is the third best score when compared with the index scores of other EU Member States
obtained for 2005.

These relatively high scores for Ireland are caused by high sub-scores in the PES (primary energy sources). The PES
sub-scores were quite high (96-97) in 2005 and 2006, due to oil and gas import from within the EU and Norway. The
oil and gas scores are therefore 100 (IE-2005s and IE-2006s). In 2008, the PES sub-score dropped to 88, which was
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mainly due to the import of 16% of the oil from outside the EU/Norway (Libya).

The C+T (Conversion and Transport) scores are moderate (52 to 56, increasing from 2006 to 2008). This is mainly due
to the relatively low CHP share in the electricity production (2.2% in 2005, in 2008 increased to 6.3%: SEAI, 2010).

Figure 50 The S/D Index results for Ireland, 2005-2008, and 2020 scenarios
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Source: ECN, 2010

8.3.2 2020 Results

Origins of oil and natural gas imports are the main relevant factors

From the S/D index scores it can be concluded that Ireland’s S/D Index is largely determined by the origin of the
imported oil and gas, given the large share of oil and gas in the primary energy mix (82% in 2008 and still 78% in
the two 2020 SEAI forecasts). Changes in the origins of these oil and gas imports could cause the S/D Index to
deteriorate in the medium and longer term.

As the origin of imported oil and gas cannot be derived from the scenarios, an assumption has to be taken. Different
assumptions are possible. When in 2020 the origins of the imports of oil and gas are assumed to remain the same
as in 2008 (IE-2020-base2), the 2020 S/D Index score continues to increase to 72.7 in the SEAI Baseline scenario case.
If the depletion of oil and gas fields in North-West Europe is taken into account, it is likely that countries like Ireland
and the UK will import more from outside the EU/Norway in 2020 compared to 2005. The import dependency of
the UK is also of relevance, since Ireland imports oil and gas mainly from the UK. A large part of the gas imported
by Ireland from the UK will no longer be largely produced in the UK, but increasingly be imported by the UK. The
UK predicts an import dependency of around 69% in 2019 (UK National Grid, 2010). For both reasons, as in the 2007
analysis, a 50/50 division for the origin of imports of oil and gas can be assumed for the year 2020. In this case the
S/D Index drops to 56.6 and 58.3 for the SEAI Baseline and White Paper Plus scenarios, respectively. If the shares
imported from outside EU and Norway increase even more substantially, a significantly larger drop in the S/D Index
can be expected. Such adrop in the S/D index value would indicate a considerable increase in exposure to potential
security of supply disruptions.
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One of the possible measures to mitigate such exposure could be to decrease the share of oil in the PES mix (54-
59% in 2020 SEAI Baseline and White Paper forecasts) by reducing demand and fuel switching. The latter could
be achieved by increasing the share from renewable energy sources. Another possibility would be to increase the
share of renewable sources in the transport sector, e.g. by biofuels, currently amounting to 3.0% and 8.0% in the
SEAI Baseline and White Paper Plus scenarios respectively (SEAI, 2009) at the expense of fossil fuels.
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Electricity interconnection capacity increase enhances security of supply

Additional interconnection capacity between Ireland and the United Kingdom improves the C+T electricity sub-
score. In 2020 the sub-score will increase to 76 (SEAI Baseline) or 83 (SEAI WP+).

The interconnection capacity increases from 500 MW today (2010) to 900 and 1400 MW in the SEAI Baseline and
White Paper Plus scenarios, respectively. The 500 MW East/West interconnector comes online in 2013. A third
interconnector of 500 MW is included in the White Paper Plus scenario. The interconnector assumptions modelled
are detailed in Table 10.

Table 10 Electricity interconnection and generation capacity

2010 2020 Baseline®' 2020 WP+3' Remarks
Interconnection 400 900 s . .
Capacity Mw, (Moyle) ~(East/West, from 2013) 1,400  The third interconnector from the WP+ is not very likely.
Generation MW_ 9600 9,972 11,208
capacity e
Relative share % 52 9.0 12.5
Source: SEAI

A measure of the enhancement of security of supply in Ireland through increase of electricity interconnection
capacity can be provided by computing the relative share of the latter in the Irish total generation capacity. The
relative share is expected to increase from about 5% in 2010 to 9-12.5% in 2020.
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9 Data Sources

Bord Gais Eireann

Bord Na Ména

Central Statistics Office

Commission for Energy Regulation

Department of Communications, Energy and Natural Resources
Department of Trade and Industry (UK)

Economic and Social Research Institute

EirGrid

Environmental Protection Agency

ESB Networks

European Commission DG TREN

Eurostat

International Energy Agency

Joint Energy Security of Supply Working Group (UK)

National Oil Reserves Agency

Petroleum Affairs Division - Department of Communications, Energy and Natural Resources
UK Transmission National Grid (Gas)

US Geological Society

US Energy Information Administration
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Glossary of Terms

Carbon Dioxide (CO,): A compound of carbon and oxygen formed when carbon is burned. Carbon dioxide is one
of the main greenhouse gases. Units used in this report are t CO, - tonnes of CO,, kt CO, - kilo-tonnes of CO, (103
tonnes) and Mt CO, - mega-tonnes of CO, (106 tonnes).

Combined Heat & Power Plants: Combined heat and power (CHP) refers to plants which are designed to produce
both heat and electricity. CHP plants may be autoproducer (generating for own use only) or third-party owned
selling electricity and heat on-site as well as exporting electricity to the grid.

Gross Domestic Product: The gross domestic product represents the total output of the economy over a period.

Gross Final Consumption (GFC): The Renewable Energy Directive (2008/28/EC) defines gross final consumption of
energy as the energy commodities delivered for energy purposes to manufacturing industry, transport, households,
services, agriculture, forestry and fisheries, including the consumption of electricity and heat by the energy branch
for electricity and heat production and including losses of electricity and heat in distribution.

Gross Electrical Consumption: Gross electricity production is measured at the terminals of all alternator sets in a
station; it therefore includes the energy taken by station auxiliaries and losses in transformers that are considered
integral parts of the station. The difference between gross and net production is the amount of own use of electricity
in the generation plants.

Structural Effect: As it affects energy intensity, structural change is a change in the shares of activity accounted
for by the energy consuming sub-sectors within a sector. For instance, in industry the structural effect caused by
the change in emphasis of individual sub-sectors such as pharmaceuticals, electronics, textiles, steel etc in their
contribution to gross domestic product.

Total Final Consumption (TFC): This is the energy used by the final consuming sectors of industry, transport,
residential, agriculture and services. It excludes the energy sector such as electricity generation and oil refining etc.

Total Primary Energy Requirement (TPER): This is the total requirement for all uses of energy, including energy
used to transform one energy form to another (eg burning fossil fuel to generate electricity) and energy used by
the final consumer.
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