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ENERGY MODELLING GROUP

4.1

Renewable Energy

The NEEAP/NREAP scenario applies the methodology used in the production of Ireland’s NREAP. The NREAP outlines
the minimum response required from the various policy measures in order to achieve the Renewable Energy
Directive (28/EC/2009) obligations of:

e 16% of total energy consumption from renewable sources by 2020 (RES-16%)
e 10% of consumption in the transport sector from renewable sources by 2020 (RES-10% 23)

The White Paper of 2007 and subsequent government announcements outline renewable targets for 2020 for each
area of energy use — a 40% share of renewable energy in electricity (RES-E)*, a 10% share of renewable energy in
transport (RES-T) and a 12% share of renewable energy in heat (RES-H). These end-use targets are used as a starting
point for modelling the RES 16% in the NEEAP/NREAP scenario on the following basis:

1. Ifthe combination of White Paper targets results in a shortfall below RES 16%, RES-E is increased. This reflects the
potential available for renewable electricity generation.

2. If the combination of the White Paper targets results in the RES 16% being surpassed, RES-H is reduced. This
recognises the documented challenges of stimulating renewable heat use?.

The NREAP points to a range of policy actions required to achieve the outlined obligations. These are used as the
basis for modelling the NEEAP/NREAP scenario.

RES-E:

The Renewable Energy Feed-In Tariff (REFIT) is the main policy instrument used to support the expansion of
renewable electricity capacity. The NREAP envisages these tariffs, in conjunction with other supports relating to
infrastructure, RD&D, etc. delivering:

e Anexpansion of biomass electricity-generating capacity to 153 MW through the implementation of co-firing plans
in Edenderry power station, the construction of two waste-to-energy units, and the continued development of
landfill-gas electricity generation and small-scale biomass CHP

e Construction of at least 75 MW of wave energy

e An expansion of both onshore and offshore wind capacity, supported by the Gate 3 process, and the rollout of
the transmission network upgrade plans

RES-T:

The Biofuels obligation scheme? and the rollout of the Electric Vehicles support measures? in aid of achievement of
10% of road vehicles to be electric by 2020 drive the renewable energy usage in transport.

RES-H:

Existing domestic and commercial support schemes such as the Greener Homes Scheme?® and the Reheat scheme
are complemented by the addition of new REFIT tariffs for biomass CHP. The planned Retrofit scheme will also
promote the use of renewable heating technology in existing buildings, while Part L of the 2008 Building Regulations
requires new residential buildings to install renewable heating technology.

Appendix 1b outlines details of the policy measures modelled in the scenario.

Primary Energy Supply Forecasts (NEEAP/NREAP)

The following sections investigate the effects of the NEEAP/NREAP scenario assumptions on future energy trends
in Ireland, starting with energy supply (TPER). shows the trend in primary energy supply; in this scenario,
Ireland’s energy requirements are 1.1% lower in 2020 than in 2009. Comparing these NEEAP/NREAP forecasts to the
Baseline projection (Figure 1), Ireland’s energy requirements in 2020 are reduced by 9% due to the achievement
of the energy efficiency and renewable energy targets. The penetration of renewable energy (of TPER) is 14%
compared with 7% in the Baseline. Ireland’s TPER in this scenario in 2020 is close to 2006 levels.

23 The RES-T target accounts for road and rail transport only; EVs and second-generation biofuels receive a weighting in the calculations.

24 Atarget of 33% RES-E was originally specified in the 2007 White Paper. This was revised upwards to 40% following the results of the All-Ireland Grid Study.

25 http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/policy/renewable_heat/incentive/rhi_proposals/rhi_
proposals.aspx

26 http://www.dcenr.gov.ie/Energy/Sustainable+and+Renewable+Energy+Division/Biofuels+Obligation+Scheme.htm

27 http://www.seai.ie/Renewables/EV_support_programme_launched/

28 http://www.seai.ie/Grants/GreenerHomes/
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Figure 6 Total Primary Energy Requirement 1990 — 2020 (NEEAP/NREAP)
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shows the detailed growth rates and fuel shares for primary energy in the NEEAP/NREAP scenario forecasts.
Ireland’s primary energy supply is set to reduce marginally by 1.1% (0.1% per annum) over the period 2009-2020
(compared with growth of 0.8% per annum growth in the Baseline forecasts).
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Table 8 Total Primary Energy Requirement by Fuel 2009-2020 (NEEAP/NREAP)

Total Primary Energy Growth  Average Annual Growth Fuel Shares
Requirement (ktoe) % Rate % %
2009 2016 2020 09-20 09-20 09-16 16-20 2009 2016 2020

Coal 1,214 1,339 1,139 -6.1 -10.4 14 -4.0 8 9 8
Oil 7,745 7,214 7,014 -9.4 -0.9 -1.0 -0.7 52 49 48
Gas 4,309 4,096 4,553 5.7 0.5 -0.7 2.7 29 28 31
Peat 856 715 474 -44.6 -5.2 -2.5 -9.8 6 5 3
Renewable 665 1,517 1,991 199.3 10.5 12.5 7.0 4 10 14
Electricity Imports (Net) 66 -153 -476 0 -1 -3
Total 14,854 14,729 14,695 -1.1 -0.1 -0.1 -0.1

Net electricity exports are higher in the NEEAP/NREAP scenario than in the Baseline. This reflects a different electricity-
generation mix and a higher share of variable renewable energy.

4.2 Final Energy Demand Forecasts (NEEAP/NREAP)

shows the final-demand forecasts by sector for the NEEAP/NREAP forecasts®. The overall projection for final
demand from the Baseline forecasts is also included for comparison.

29 These final-demand results also apply to the Exploratory scenario.
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Figure 7  Total Final Demand by Sector 1990 — 2020 (NEEAP/NREAP)
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A net 2.4% reduction in energy demand is observed over the period 2009-2020, with energy demand in 2020 similar
to 2004 levels. This reflects the effects of reduced economic activity and energy savings achieved over the period.
This reduction compares to the projection of a 7.7% increase in demand in the Baseline. Energy demand in 2020 is
9.4% below the Baseline scenario projection.
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Table 9 Final Energy Demand by Sector 2009 — 2020 (NEEAP/NREAP)

Total Final Demand Growth Average Annual Growth Sectoral Shares
(ktoe) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020

Household 3,099 2,753 2,537 -18.2 -1.8 =17 -2.0 25 23 21
Industry 2,215 2,170 2,271 2.6 0.2 -0.3 1.2 18 18 19
Services 1,586 1,564 1,491 -6.0 -0.6 -0.2 -1.2 13 13 12
Agriculture 272 367 382 40.8 32 44 1.0 2 3 3
Transport 5,075 5,107 5,269 3.8 0.3 0.1 0.8 M 43 44
Total 12,247 11,961 11,951 | 24 02  -03 00

The biggest reductions in energy demand are forecast for the household (-18.2%) and services sectors (-6%). The
transport sector’s share of final demand continues to increase, reaching 44% by 2020, despite ongoing efforts to
achieve energy efficiency savings.

Figure § and [Table 1q show the split of total final demand by fuels for the NEEAP/NREAP scenario.
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Figure 8 Total Final Demand by Fuel 1990 - 2020 (NEEAP/NREAP)
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The most significant change in absolute terms, compared with the Baseline, is the reduced demand for oil: 1,231 ktoe
(15%) lower in 2020 in the NEEAP/NREAP. Despite this, oil continues to remain dominant, accounting for 59% of final
demand in 2020.

Gas demand is expected to grow by 22% in the Baseline projection (2009-2020); however, due to the impact of
energy savings measures applied in the NEEAP/NREAP, an overall reduction of 7.8% is expected compared with the
Baseline over the period 2009-2020. This means that by 2020 gas final demand in the NEEAP/NREAP is 24% lower
than in the Baseline.

The contribution from renewable energy to final demand (i.e. the renewable energy contributions to the transport
and heat markets) in 2020 is significantly higher (904 ktoe) in the NEEAP/NREAP compared with the Baseline (335
ktoe).

Table 10 Final Energy Demand by Fuel 2009-2020 (NEEAP/NREAP)

Total Final Demand Growth Average Annual Growth Fuel Shares
(ktoe) % Rate % %
2009 2016 2020 09-20 09-20 09-16 16-20 2009 2016 2020

Coal 382 199 158 -57.2 -7.4 -84 -5.7 3 2 1
Qil 7,578 7,214 7,014 -74 -0.7 -0.7 -0.7 62 60 59
Gas 1,578 1,452 1,455 -7.8 -0.7 -1.2 0.1 13 12 12
Peat 272 167 128 -53.1 -6.6 -6.8 -6.4 2 1 1
Renewables 290 676 904 2122 10.9 12.9 7.5 2 6 8
Electricity 2,147 2,253 2,292 6.8 0.6 0.7 0.4 18 19 19
Total 12,247 11,960 11,951 -2.4 -0.2 -0.3 0.0

4.2.1 Industry Final Energy Demand

The NEEAP/NREAP forecasts for final energy demand in industry by individual fuel are shown in Figure 4. Total
final demand from the Baseline forecast is shown for comparison. Energy demand for industry in 2020 is reduced
only marginally (1.5%) compared with the Baseline forecast. In this scenario, energy demand in 2020 is similar to
1999 levels. This reflects the fact that energy efficiency policy in this sector, primarily SEAI's Large Industry (LIEN)
programme, has already had a strong affect on baseline energy demand. The growth in renewable energy uptake
by industry, shown in Figure g, reflects the industry allocation of the 12% RES-H target.
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Figure 9 Industry Final Energy Demand by Fuel 1990 — 2020 (NEEAP/NREAP)
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The data underpinning is presented in [Table 11. Energy demand over the period 2009-2020 is expected
to increase marginally, by 0.3%, per annum on average. This includes a period of continuing demand reduction, in
2009-2016 (-0.2% per annum), followed by a period of resumed growth at 1.2% per annum.
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Table 11 Industry Final Energy Demand by Fuel 2009 - 2020 (NEEAP/NREAP)

Total Final Demand Growth Average Annual Growth Rate Fuel Shares
Industry (ktoe) % % %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020

Coal 112 106 93 =171 =17/ -0.8 =33 5 5 4
Qil 703 627 637 -94 -0.9 -1.6 0.4 32 29 28
Gas 531 518 546 3.0 0.3 -0.3 14 24 24 24
Renewables 140 239 305 193 73 7.9 6.3 6 1 13
Electricity 716 680 690 -3.6 -0.3 -0.7 0.4 33 31 30
Total 2,201 2,170 2,271 3.2 0.3 -0.2 1.2

In terms of fuel use,, the largest reduction in the policy forecasts, compared with the Baseline, is for oil, which shows
a growth of 16.3% in the Baseline but a decrease of 9.4% in the NEEAP/NREAP scenario (an absolute reduction of
181 ktoe), due largely to increased renewable energy usage displacing oil. This results in an overall reduction in oil
demand for industry of 66 ktoe in the NEEAP/NREAP scenario, compared with an expected increase in demand of
115 ktoe in the Baseline forecast.

A net decrease in electricity demand in industry is anticipated over the period 2009-2020 in both the Baseline and
NEEAP/NREAP scenarios.

The share of renewable energy is assumed to double, from 6% in 2009 to 13% in 2020.

4.2.2 Residential Final Energy Demand

The NEEAP/NREAP forecast for the residential sector is shown in Figure 10 Energy demand in 2020 is projected to
be 18.2% lower than the 2009 levels, effectively returning to 2000 levels — a 20% reduction relative to the Baseline
forecast.
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Figure 10 Residential Final Energy Demand by Fuel 1990 — 2020 (NEEAP/NREAP)
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The most significant energy savings are expected from the Government’s proposed National Retrofit Scheme, which
aims to improve the energy performance of as many as one million existing dwellings by 2020%°. In addition to this,
future improvements to building regulations proposed for 2010 and 2013, transitioning to a low-carbon-homes

standard, savings expected from a phase-out of low-efficiency (incandescent) lighting, and replacement of existing
boilers with high-efficiency boilers will have a strong impact on demand reduction in the NEEAP/NREAP scenario.

These measures lead to substantial savings in oil and gas over the period 2009-2020. As detailed in [fable 13, oil
demand is projected to fall by 9.6% in the NEEAP/NREAP. This compares to expected growth of 20.5% in the Baseline
forecasts for 2009-2020. Gas demand in the NEEAP/NREAP forecasts will drop by 2.1% per annum between 2009 and
2020, compared with growth of 1.6% in the Baseline.

The historic decline of solid fuels continues over the forecast period.

Table 12 Residential Final Energy Demand by Fuel 2009 — 2020 (NEEAP/NREAP)

Total Final Demand Growth Average Annual Growth Rate Fuel Shares
Residential (ktoe) % % %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020

Coal 257 94 65 -74.7 -11.7 -13.4 -8.7 8 3 3
Oil 1,209 1,188 1,093 -9.6 -0.9 -0.2 -2.1 39 43 43
Gas 625 552 496 -20.7 -2.1 -1.7 -2.7 20 20 20
Peat 272 167 128 -53.0 -6.6 -6.7 -6.4 5
Renewables 52 76 92 75.8 53 54 5.0 4
Electricity 685 676 664 -3.2 -0.3 -0.2 -0.5 22 25 26
Total 3,099 2,753 2,537 -18.2 -1.8 -1.7 -2.0

Renewable energy heating will grow by 5.3% per annum but from a low base, reaching a 4% penetration of
residential energy demand in 2020.

4.2.3 Services Final Energy Demand

A significant reduction in expected demand (23%) is evident in the NEEAP/NREAP scenario for the services sector
(Eigure 11) compared to the Baseline. In 2020 energy demand is similar to 2002 levels for this sector.

The impact of the 33% energy efficiency target and the renewable energy heat target is evident, in the case of the
latter supplying 6% of overall energy demand in the sector by 2020.

30 http://www.dcenr.gov.ie/Energy/Energy+Efficiency+and+Affordability+Division/Retrofit+Consultation.htm

27

)
=

(]

<

(7}

J
wv
(-9
<<
wl
[
2
~
o
<
['T}
wl
2
<



28 ENERGY MODELLING GROUP

Figure 11 Services Final Energy Demand by Fuel 1990 - 2020 (NEEAP/NREAP)
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Demand in the NEEAP/NREAP forecasts for the services sector is declining at -1.3% per annum on average over the
period 2009 to 2020 (as shown in below), compared with a growth trend of 1.1% per annum in the Baseline.

The NEEAP/NREAP forecast shows an overall reduction in demand of 13% over the period 2009-2020 compared
with 12.3% growth in the Baseline. This large swing is expected to arise through the savings required to achieve
the public sector energy efficiency target of 33%°' and the additional savings expected from the National Retrofit
Scheme (public and commercial sector components).
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Gas accounts for 19% in 2020, compared with 22% in the Baseline, and oil drops from a share of 11% in the Baseline
to 6% in the NEEAP/NREAP. Electricity is expected to remain the dominant fuel for the sector, at 69% of total final
demand in 2020.

Table 13 Services Final Energy Demand by Fuel 2009 - 2020 (NEEAP/NREAP)

Total Final Demand Growth Average Annual Growth Rate Fuel Shares
Services (ktoe) % % %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020

Coal 0 0 0 n/a n/a n/a n/a 0 0 0
Qil 462 290 132 714 -10.8 -6.4 -17.9 19 12 6
Gas 423 382 413 2.2 -0.2 -1.4 2.0 17 16 19
Renewables 19 83 126 557 18.7 233 10.9 1 4 6
Electricity 1,586 1,564 1,491 -6.0 -0.6 -0.2 -1.2 64 67 69
Total 2,490 2,319 2,163 -13.1 -1.3 -1.0 -1.7

4.2.4 Transport Final Energy Demand

shows the fuel mix for transport in the NEEAP/NREAP forecasts. Renewed growth in energy demand in the
sector is expected following the recessionary period, but leading to just modest growth of 2.1% over the period
2009-2020, with energy demand in 2020 reaching 2006 levels.

31 This provides in total 3,240 GWh (229 ktoe) of expected savings by 2020.
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Figure 12 Transport Final Energy Demand by Fuel 1990 — 2020 (NEEAP/NREAP)
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Much of the energy demand in transport can be linked to fast economic growth between 1995 and 2007. Similarly,
the subsequent reduction can be linked with economic recession; it includes, for example, a decline in freight
transport associated with construction and other industry.
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Table 14 Transport Final Energy Demand by Fuel 2009 — 2020 (NEEAP/NREAP)

Total Final Demand Growth Average Annual Growth Rate Fuel Shares
Transport (ktoe) % % %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020

QOil Total 4,993 4,814 4,848 -2.9 -0.3 -0.5 0.2 98 94 92

Kerosene 767 861 1,011 31.8 25 1.7 4.1 15 17 19

Petrol 1,741 1,410 1,254 -279 -29 -3.0 -29 34 28 24

Diesel 2,485 2,543 2,583 3.9 0.4 0.3 0.4 49 50 49
Biofuels 77 278 381 392.6 15.6 20.0 8.2 2 5 7
Electricity 4 16 41 961.1 24.0 223 26.9 0.1 0.3 0.8
Total 5,074 5,107 5,269 3.9 0.3 0.1 0.8

As with last year's forecast, a range of measures affecting the efficiency of transport is applied in the NEEAP/NREAP
scenario. These include efficient-driving measures, electric-vehicle deployment, mobility-management plans
encouraging modal shift to public transport, e-working®* and more sustainable public transport fleets. (Further
detail on these measures can be found in the Department of Transport’s Sustainable Travel and Transport Action
Plan, February, 2009.)

Reductions in demand from energy efficiency improvements are accompanied by a shift from petrol to diesel in line
with the recent sales trend following changes to VRT and motor tax introduced in 2008%. This shift is also seen in
the Baseline scenario.

4.2.5 Thermal Final Energy Demand

Total final energy demand has been considered on a sector by sector basis above. It can also be split on the basis
of energy demanded for heat (thermal), transport and electricity. Transport has been considered above; heat and
electricity are detailed below.

32 Promoting of working from home, leading to reduced car use.
33 For detailed analysis of this impact refer to Energy in Transport, EPSSU, 2009 report.
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4.3

shows how fuels are used for heating in the NEEAP/NREAP scenario. The impact of energy efficiency
measures is most keenly felt for fuel used in heating applications. All fuels experience a reduction in consumption
to 2020 with the exception of renewable energy.

Figure 13 Thermal Final Energy Demand by Fuel 1990 — 2020 (NEEAP/NREAP)
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Historical Trend Projection
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shows the detail of these trends. Much of the demand reduction occurs in heating oil, with a 419 ktoe (16%)
drop in consumption. Gas experiences a smaller reduction - of 8% — over the period. Gas reduction is mainly due to
efficiency measures whereas oil experiences some fuel switching to renewable energy in addition to the efficiency
savings. Solid fuels also continue their long-term trend of a reduction in consumption, accelerated by efficiency
measures up to 2020.

Table 15 Thermal Final Energy Demand by Fuel 2009 — 2020 (NEEAP/NREAP)

Thermal Energy Demand Growth Average Annual Growth Rate Fuel Shares
Transport (ktoe) % % %
2009 2016 2020 09-20 09-'20 09-'16 16-'20 2009 2016 2020

Coal 368 199 158 -57.2 -74 -84 B 7 4 4
Oil 2585 2400 2166 -16.2 -1.6 =1 25 52 52 49
Gas 1578 1452 1455 -7.8 -0.7 -1.2 0.1 31 31 33
Peat 272 167 128 -53.1 -6.6 -6.8 -6.4 5 4 3
Renewable 212 398 523 146.4 85 9.4 7.1 4 9 12
Total 5,016 4,616 4,430 -11.7 -1.1 -1.2 -1.0

Electricity Generation Fuel Mix

ESRI's IDEM model is used to produce the electricity sector projections for each of the scenarios. IDEM is a least-cost
economic dispatch model that optimises the electricity system on a half-hourly basis to meet demand in that half
hour. This economic dispatch is based on the various generation unit characteristics. The fuel and carbon prices
used in the model correspond with the prices shown in in Section .

The electricity-generation portfolio modelled as part of the national energy forecasts is shownin .The timing
and location for connection, or closure, of conventional generation units is based on the published connection
schedule in EirGrid’s 2009 Generation Adequacy Report**. The quantities of renewable capacity connected are
based on the methodology used in the NREAP. Biomass and ocean capacities reflect the published numbers in the
NREAP. Wind-energy capacity connected is determined through an iterative process so that the electricity produced
by wind energy results in an overall RES of 16%.

34 http://www.eirgrid.com/media/Generation%20Adequacy%20Report%202010-2016.pdf
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The wind-capacity connection plans outlined in the Incremental Capacity Transfer (ICT)* programme provide the
basis for when and where wind capacity is connected. The ICT programme is based on EirGrid’s Grid25% study and
represents a development plan for the transmission network to support the connection of renewable energy. As it
happens, the renewable electricity required to meet RES 16% matches the White Paper target of 40% RES-E - the
share of renewable electricity in gross electricity consumption.

Table 16 outlines the capacity assumption for renewable electricity and the levels of interconnection in the NEEAP/
NREAP and the Exploratory scenarios as well as the Baseline.

Table 16 Electricity Generation Unit Capacity Assumptions (NEEAP/NREAP)
Generation Output Capacity MW

Generation Type

2013 2014 2015 2016 2017

Coal 840 840 840 840 840 840 840 840 840 840 840

oil 800 800 0 0 0 0 0 0 0 0 0

Gas 3,759 3759 3,759 3759 3759 3759 3759 3759 3759 3759 3,759

Eliasggate (eeldlng) |- 610 708 806 806 806 806 806 806 806 806

Peat 346 346 346 346 346 346 346 346 346 346 346

Non-Renewable

Embedded 123 128 133 138 143 148 153 158 163 168 173 c

Generation g

Renewables 2358 2613 2688 2976 3,059 3264 3281 3430 3773 3815 4305 3

of which: E
Wind 2077 2314 2380 2658 2732 2892 2905 3033 3354 3374 3,843 %
Wave 0 0 0 0 0 0 0 19 38 56 75.0 e
Hydro 234 234 234 234 234 234 234 234 234 234 234 E
Biomass 47 65 74 83 93 138 141 144 148 151 153 <

Interconnection 400 400 400 900 900 900 900 900 900 900 900

In addition to the capacity inputs outlined, extra constraints are imposed on the model that may not necessarily
align with the economic dispatch but are required for overriding reasons, such as ensuring security of supply.

shows the trend for the primary fuel mix in electricity generation up to 2020. It is noteworthy that while
gross electricity consumption increases over the period to 2020 (7.6%), the total energy used in electricity generation
increases by 15.5%. This is largely due to the extra interconnection coming on line in this period and the move from
net electricity imports to net electricity exports.

35 http://www.eirgrid.com/media/Gate%203%20ITC%20Results%202010-2023.pdf
36 http://www.eirgrid.com/media/Grid%2025.pdf
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Figure 14 Input Fuel Mix for Electricity Generation 1990 — 2020 (NEEAP/NREAP)
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Table 17 Electricity Generation Primary Fuel Inputs 2009 — 2020 (NEEAP/NREAP)

Electricity Generation Growth Average Annual Growth Rate Fuel Shares

Fuel Inputs (ktoe) % % %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020
Coal 852 1,140 982 15.2 13 4.2 =7 18 22 18
Qil 215 0 0 -99.9 -47.0 -63.1 0.0 5 0 0
Gas 2,759 2,644 3,097 12.3 1.1 -0.6 4.0 58 51 56
Peat 573 549 346 -39.6 -4.5 -0.6 -10.9 12 11 6
Renewables 374 842 1,087 190.4 10.2 12.3 6.6 7 16 20
Total 4,774 5,174 5,513 15.5 13 1.2 1.6

The total level of electricity demand in each half-hour period is met by the least cost plant dispatch subject to
system security constraints. shows the annual electricity generation mix.
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Figure 15 Electricity Generation Output by Fuel 2009 — 2020 (NEEAP/NREAP)
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Overall, the amount of electricity generated grows 29% over the period, which is far in excess of the growth in
domestic demand forecast. The much greater role of exports in the forecast accounts for this difference between
actual electricity generated and domestic electricity consumption. Exports account for 15% of all generation in
2020. Exports are driven by an increase in the interconnection capacity in 2016 combined with the expansion of
renewable electricity generation.

summarises the data underpinning Figure 19. Gas generation still makes up the bulk of generation,
accounting for around 50% of total generation in 2020. Electricity from renewable sources accounts for 30% of
generation in 2020%. Peat generation falls, with only the single co-firing station operating in 2020. This assumes that
the remaining two peat stations will not generate after their Public Serivce Oblication (PSO) expires in 2019. Coal
continues to play a significant role up to 2020.
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Table 18 Electricity Generation Output by Fuel 2009 — 2020 (NEEAP/NREAP)

Gross Electricity Consumption  Growth Average Annual Growth Fuel Shares
(GWh) % Rate % %
2009 2016 2020 09-'20 09-20 09-'16 16-20 2009 2016 2020

Coal 4,005 4,506 3,881 -3.1 -0.3 1.7 =3.7 14 14 11
Oil 916 1 1 -99.9 -47.2 -63.3 0.0 3 0 0
Gas 16,299 16,050 18,788 15.3 1.3 -0.2 4.0 59 50 52
Peat 2,629 2,340 1,488 -43.4 -5.0 -1.7 -10.7 10 7 4
Renewables 3,857 9,168 12,014 2111 10.9 13.2 7.0 14 29 33
(E,Leectt)”dty Imports 764 -1785 5537 | 8250 | 00 0.0 0.0 3 6 15
Total Generation 27,705 32,064 36,158 30.5 255 2.1 3.0

4.4 Renewable Energy

Figure 14 shows graphically the projection for final consumption by how the energy gets used. The important issue
to note, as in the Baseline, is the comparative size of each bar in the graph. The effect of the energy efficiency
measures is to reduce the overall consumption by 8.2% as compared to the Baseline projection.

37 Note that this is as a percentage of electricity generated - the RES-E target is based on total electricity consumed.
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Figure 16 Energy Consumption by Mode of Application 2009 — 2020 (NEEAP/NREAP)*
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shows that most energy is consumed in the transport sector in 2020 (42%). Energy used for heating and
cooling accounts for 36%, while electricity accounts for the remaining 22%. also contains a line detailing
the consumption of energy in road and rail transport, including electricity consumed by electric vehicles (and
excluding energy consumed in air travel). This figure is used in the calculation of RES-T as per the EU methodology,
while the total transport figure is included in the calculation of the total RES.
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Table 19 Energy Consumption by Mode of Application (NEEAP/NREAP)

Growth Average Annual Growth Energy Application

Final Consumption (ktoe) % Rate % Shares %

2009 2016 2020 09-20 09-20 09-16 16-20 2009 2016 2020
Electricity 2,429 2,562 2,613 7.6 0.7 0.8 0.5 19 21 22
Thermal 5,025 4,601 4,389 -12.7 -1.2 -1.3 -1.2 40 37 36
Transport 5,074 5,109 5121 0.9 0.1 0.1 0.1 40 42 42
(TransportforRES-T) | 4304 4242 4257 | 11 | -01 02 01 |
Total 12626 12271 12123 40 | -04 04  -03 |

4.4.1 RES Renewable Contribution to Overall Gross Energy Consumption

shows the combined renewable energy contributions to overall energy demand. Where the Baseline
projection showed a growth trend halting in 2014, in the NEEAP/NREAP scenario growth continues up to 2020.
This trend represents the minimum effort required for Ireland to comply with the EU obligations for the projected
demand. Should economic growth prove to be stronger than projected, more effort will be required to meet the
RES 16% and RES-T 10% obligations.

The NREAP document outlines the detail of the measures planned and in place to stimulate renewable development.
On the basis of the 2009 energy demand forecasts, the NREAP indicated that to achieve the overall 16% RES target,
a RES-E of 42.5% was required, along with RES-T 10% and RES-H 12%. The drop in demand projected in this year’s
National Energy Forecast results in the White Paper targets — RES-E 40%, RES-T 10%, RES-H 12% — meeting the RES
of 16%.

38 Calculated based on the methodology outlined in the Renewable Directive (28/EC/2009).
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Figure 17 Renewable Energy Contribution to Final Consumption (NEEAP/NREAP)
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outlines the trends illustrated by the graph. Each energy mode sees a large increase in renewable energy
over current levels.

Renewable energy consumption in transport is forecast to grow nearly four-fold, at a rate of 16% per annum,
contributing 3.5% of the overall 16% RES in 2020.
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Renewable-electricity generation grows three-fold over the period. It accounts for 40% of gross electricity
consumption in 2020. This contributes just 8.5% to overall energy demand due to the low share of electricity in
overall energy demand. Renewable thermal energy contributes the remaining 4.3% to the overall demand.

Itisimportant to stress that energy efficiency savings are also contained in these forecasts. Given that the renewable
energy targets are expressed as percentages of energy consumption, any shortfall in efficiency savings or increase
in demand due to other factors would increase the amount of renewable energy production required to meet the
renewable energy targets.

Table 20 Renewable Energy as % of Final Consumption (NEEAP/NREAP)

Total Final Demand Growth  Average Annual Growth Contribution to RES

Renewable Energy (ktoe) % Rate % %

2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020
Renewable Electricity 333 788 1032 209.9 10.8 13.1 7.0 2.6 6.4 8.5
Renewable Heat 212 398 523 147.0 8.6 9.4 7.1 1.7 3.2 43
Renewable Transport 77 278 381 392.6 15.6 20.0 8.2 0.6 23 35
For RES-T 78 289 420 436.5 16.5 20.5 9.8
E‘r’]tearge"ewab'e 622 1464 193 = 2112 109 130 7.2
RES 4.9 11.9 16.0

4.4.2 RES-E Renewable Contribution to Electricity

shows the trends evident in achieving the 40% RES-E. Hydro capacity, and thus hydro output, remains at
current levels over the period.

Biomass production increases steadily at an annual growth rate of 10%, to contribute 2% to RES-E by 2020.

Ocean energy is assumed to start commercial production in 2017, propelled by an expansion in the capacity of wave
electricity-generation technology. Renewable energy harnessed from the ocean is envisaged to contribute over 1%
to RES-E by 2020.

Wind renewable-electricity generation increases at 12% per annum over the period, supplying an extra 8 GWh in
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2020 above 2009 levels. This represents the largest contribution of all the renewable electricity fuels towards RES-E,
standing at 35% of gross electricity consumption in 2020.

Figure 18 Renewable Energy Contribution to Electricity (NEEAP/NREAP)
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able 21] shows the growth trends across all the renewable energy fuels over the period. Overall renewable-
electricity generation grows by 11% per annum and is anticipated to reach 12,014 GWh in 2020. Wind energy is the
largest contributor, accounting for over 85% of total renewable generation by 2020.

Table 21 Renewable Electricity Generation Contribution to RES-E (NEEAP/NREAP)

Growth Average Annual Growth Sectoral Shares

Sector Total Final Demand (GWh) % Rate % %

2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020
Biomass 183 546 549 200.9 10.5 17.0 0.1 1 2 2
Hydro 754 668 620 -17.8 -1.8 -1.7 =18 3 2 2
Ocean 0 0 244 n/a 0.0 0.0 n/a 0 0 1
Wind 2,936 7,955 10,601 261.0 124 15.3 74 10 27 35
Total Generation 3,873 9,170 12,014 210.2 10.8 13.1 7.0
Gross Consumption 28244 29,795 30,386 7.6
RES-E 133.9 7.3 18.9 2.0 14 31 40

4.4.3 RES-T Renewable Contribution to Transport

illustrates the relative contributions of biofuels and renewable electricity towards the RES-T target. The
projections underpinning this graph follow the EU methodology for the calculation of RES-T outlined in EU directive
28/EC/20009.

Biofuels are expected to provide the bulk of renewable energy - through the biofuel obligation scheme - with
renewable electricity becoming more prominent towards 2020 as the electric vehicle fleet expands. The electricity
consumed is equivalent to just over 200,000 electric vehicles and plug-in hybrid electric vehicles (PHEVs) consistent
with the Government’s 10% EV target for 2020.
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Figure 19 Renewable Energy Contribution to REST-T (NEEAP/NREAP)
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outlines the trends evident in the graph. Total consumption of electricity in transport grows at an annual
rate of 26% from 2016 to 2020, but the proportion that can be considered renewable grows at 35% per annum,
reflecting the increasing RES-E along the trajectory to 2020. With the Renewable Directive weighting applied,
renewable electricity accounts for 1% of consumption in 2020. Biofuels expand at an average rate of 15% per annum
between 2009 and 2020, reaching 381 ktoe in 2020, which contributes 9% to RES-T.
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Table 22 Renewable Energy Contribution to RES-T (NEEAP/NREAP)

Growth
Total Final Demand (ktoe) %

2009 2016 2020

Average Annual Growth Fuel Shares
Rate % %

09-20 09-'16 16-20 2009 2016 2020

09-'20

Renewable Electricity 1 12 39 4,132 40.6 43.6 354 0.0 0.3 0.9
Biofuels 77 278 381 392 15.6 20.0 8.2 1.8 6.5 9.0
Total Renewables 78 289 420 436 16.5 20.5 9.8
Total Consumption 4,304 4,242 4,257 -1.1 -0.1 -0.2 0.1
RES-T 2 7 10

4.4.4 RES-H Renewable Contribution to Heat

shows the renewable thermal energy penetration in industry, services and households required to meet
a 12% RES-H target. The projected quantities for each sector take into account the impact of new biomass CHP
capacity as well as plans to increase the numbers of biomass boilers and solar thermal installations.
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Figure 20
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shows that renewable energy must grow at an annual rate of 9% in order to achieve the 12% target.
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Table 23 Thermal Renewable Energy Demand by Sector 2009 — 2020 (NEEAP/NREAP)

Total Final Demand

Growth Average Annual Growth Rate

Sectoral Shares

Sector (ktoe) % % %

2009 2016 2020 09-20 09-'20 09-'16 16-'20 2009 2016 2020
Industry 140 239 305 117.5 73 7.9 6.3 66 60 58
Household 52 76 92 75.8 53 5.4 5.0 25 19 1
Services 19 83 126 557.0 18.7 233 10.9 9 21 24
Total Renewable Energy 212 398 523 147.0 8.6 9.4 7.1
Total Consumption 5,025 4,601 4,389 =127 -1.2 =3 =12
RES-H 4.2 8.7 12.0
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5 Exploratory Scenario

The Exploratory scenario is developed to illustrate the impacts of changing some of the key assumptions in the
forecasts. In this report, the Exploratory scenario differs from the NEEAP/NREAP scenario in two ways, namely it
assumes higher macro-economic growth and higher levels of renewable electricity generation.

At the time of writing, considerable uncertainty surrounds long-term economic growth. The NEEAP/NREAP scenario
is based on the low-growth macro-economic projections from the ESRI; the Exploratory scenario uses the ESRI's more
optimistic projections for Ireland’s future economic growth, adopting the ‘High Growth scenario’ assumptions from
the same July 2010 publication®. Should it transpire that Ireland’s economic recovery is quicker than anticipated in
the NEEAP/NREAP scenario, it will result in higher growth in energy demand. If this is the case, a higher amount of
renewable energy production will be required to meet the 16% renewable energy target for Ireland. The Exploratory
scenario can help this process by looking at this high-growth possibility.

Secondly, the potential for renewable-electricity generation in Ireland has been well established and a number
of policies and plans are in place to exploit these resources. The Exploratory scenario models a higher growth of
renewable electricity than the NEEAP/NREAP scenario building on these plans as follows:

e Wind - the full extent of Gate 3 wind planned for connection by 2020 is incorporated. This means that in this
scenario, close to 5,700 MW of wind is connected by 2020.

e Wave - the 500 MW White Paper target is assumed to be achieved.

e Biomass - around 400 MW of biomass producing capacity is connected by 2020, including 150 MW of small-scale
CHP, 104 MW of biomass co-firing in the peat plants, 44 MW of waste-to -energy and 54 MW of landfill gas.

e Interconnection - a second 500 MW interconnector is constructed, linking Ireland to the UK, in 2016. The total
interconnection between the island of Ireland and the UKiis 1,400 MW in 2020.

This scenario presents analysis that shows some of the effects of these demand and supply-side assumptions.

5.1 Demand Growth

shows the difference in total final consumption growth between the NEEAP/NREAP scenario and the
Exploratory scenario. Both scenarios account for the NEEAP savings; therefore the 10% increase in consumption in
2020 is attributable to the assumption of the higher economic growth. Both scenarios follow a similar trajectory in
the short term but begin to diverge from 2012 onwards.

°
=
(]
c
[
"3
w
>
b
S
2
(]
b
1o
o
>
w
wn

39 ‘Recovery Scenarios for Ireland — An Update’, ESRI 2010.
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Figure 21 Energy Consumption by Mode of Application 2009 — 2020 (Exploratory)*
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shows the total consumption for each energy end-use. The way in which energy is consumed retains
similar shares and trends to the NEEAP/NREAP scenario, but with more energy being consumed in all the sectors.
Taking electricity as an example, the 9.4% (2850 GWh) difference from the NEEAP/NREAP in 2020 is equivalent to
approximately 1,200 MW of wind capacity.

Table 24 Energy Consumption by Mode of Application (Exploratory)
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Total Final Demand Growth Average Annual Growth Energy Application
(ktoe) % Rate % Shares %
2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020

Electricity 2,429 2,727 2,858 17.7 1.5 1.7 1.2 19 21 21
Diff. NEEAP/NREAP = 6.4% 9.4%
Thermal 5,025 4,934 4,858 -3.3 -0.3 -0.3 -0.4 40 38 36
Diff. NEEAP/NREAP = 7.2% 10.7%
Transport 5,074 5,428 5,609 0.9 0.1 0.1 0.1 40 39 38
Diff. NEEAP/NREAP = 6.2% 9.5%
Total 12,626 13,089 13,326 5.5 0.5 0.5 0.4
Diff. From NEAP/NREAP - 8.6% 10%

5.2 Electricity Generation

The conventional electricity generation portfolio in the Exploratory scenario is as shown in |iab|e 1€ in Section E
Renewable capacity is added to the system according to the cumulative annual figures shown in [fable 25. Wind
energy is added to the model based on the plans laid out in the Incremental Transfer Capacity* programme. A total
of 30% co-firing is achieved in Edenderry by 2015 and in the ESB peat stations by 2020. These units are assumed
to retain the priority dispatch associated with the PSO after their contracts expire. A total of 20 MW of embedded
biomass CHP is added each year to 2020. Wave energy reaches 500 MW installed by 2020. shows the detalil
of renewable capacity included in the model for each year. In 2020 renewable energy is expected to account for over
50 % of Ireland’s total installed capacity.

40 Calculated based on the methodology outlined in the Renewable Directive (28/EC/2009).
41 http://www.eirgrid.com/media/Gate%203%20ITC%20Results%202010-2023.pdf
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Table 25 Renewable Electricity Generation Capacity (Exploratory)

Technology (MW) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Wind 2077 2325 2413 3,027 3,190 3542 3572 3,854 4563 4,607 5642
Wave 0 0 0 0 0 0 0 125 250 375 500
LFG 34 36 38 40 42 44 46 48 50 52 54
Co-Firing 4 10 16 45 58 71 78 84 91 97 104
Embedded 9 27 46 65 84 103 122 141 160 178 198
Biomass CHP

Waste to Energy 0 85 85 85 85 445 445 445 445 445 445

As shows, the total primary energy requirement has increased to almost 6 Mtoe by 2020. Renewable
electricity is responsible for 27% of the primary energy requirement for electricity generation. The impact of the
extra renewable generating capacity can clearly be seen from the fall in the primary energy requirement for all fossil
fuels in the Exploratory as compared to the NEEAP/NREAP scenario as shown in [Table 14 and [fable 15. Overcoming
these challenges may involve increased interconnection capacity to allow for export of the renewable energy. This
scenario assumes that an extra 500MW of interconnection is constructed by 2020 to cater for this.

Figure 22 Primary Fuel Input for Electricity Generation 1990 — 2020 (Exploratory)
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outlines the data for the primary fuel inputs in the Exploratory scenario. Renewable-fuel inputs are
projected to grow at 14% per annum, to reach a 27% share of primary energy required in 2020. The remaining
primary fuel inputs all experience an absolute reduction below current (2009) levels. This highlights the positive
effect that renewable energy can have for security of supply, from an import dependence perspective, but it also
represents new challenges for system operation to incorporate this generation.

Table 26 Electricity Generation Primary Fuel Inputs 2009 — 2020 (Exploratory)

Elecricity Generation Fuel Growth Average Annual Growth Rate Fuel Shares
Inputs (ktoe) % % %

2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020
Coal 852 1,118 904 6.1 0.5 4.0 -5.2 18 21 15
Oil 215 0 0 -99.9 -47.0 -63.1 0.0 5 0 0
Gas 2,759 2,753 3,075 11.5 1.0 0.0 2.8 58 51 52
Peat 573 442 373 -35.0 -3.8 -3.6 -4.2 12 8 6
Renewables 374 1,088 1,587 3239 14.0 16.5 9.9 8 20 27
Total 4,774 5,401 5,939 24.4 2.0 1.8 24
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Electricity from these sources, specifically wind, wave and hydro, are converted to generated electricity at a higher
efficiency than fossil fuels. Thus all the fossil fuels have a lower share in final electricity generated, while renewable
electricity generation captures a larger share. shows how renewable energy increases its share while
fossil-fuel generation declines.

Figure 23 Electricity Generation Output by Fuel 1990 — 2020 (Exploratory)
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Total electricity generated increases by 46% over the period to reach over 40 TWh by 2020. Gross electricity
consumption is just over 33 TWh by 2020 - shown in[Table 27 The difference shows the impact of the interconnection
capacity, with exports growing at an average rate of 30% per year from 2016.
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Table 27 Electricity Generation Output by Fuel 2009 - 2020 (Exploratory)

Electricity Generation Growth Average Annual Growth Fuel Shares

(MWh) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020
Coal 4,005 4,419 3,574 -10.8 -1.0 14 -5.2 14 13 9
il 916 1 1 -99.9 -47.2 -63.3 0.0 3 0 0
Gas 16,299 16,772 18,661 14.5 1.2 0.4 2.7 59 49 46
Peat 2,629 1,890 1,597 -39.3 -4.4 -4.6 -4.1 9 6 4
Renewables 3,857 10,852 16,586 330.0 14.2 15.9 11.2 14 32 41
(E,L‘zctg”c'ty [EESTE 764 22 63 1083 | n/a n/a 30 3 9 21
Total 27,705 33,934 40,419 45.9 3.5 2.9 4.5

5.2.1 RES-E Renewable Contribution to Electricity

shows details of renewable generation in the Exploratory scenario. The total amount of renewable
generation grows to 16,586 GWh, which represents close to an 80% increase in renewable electricity production
over the NEEAP/NREAP scenario.
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Figure 24 Renewable Contribution to Electricity (Exploratory)
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shows wind generation growing at 15% per annum between 2009 and 2020, three percentage points more
than in the NEEAP/NREAP. This expansion, along with the increases in wave and biomass capacity, results in RES-E
reaching 50% by 2020*. Analysis conducted in the all-island grid study*, EirGrid’s 2009 study on interconnection**
and Poyry’s 2010 study on low-carbon generation options for Ireland * all consider renewable penetration close to
RES-E 50%. These studies explored the challenges of similar levels of renewable penetration on the Irish grid.

Table 28 Renewable Electricity Generation Fuels Contribution to RES-E (Exploratory)
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Total Final Demand Growth Average Annual Growth Rate Sectoral Shares n

(ktoe) % % %

2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020
Biomass 183 969 1003 449.6 16.8 26.9 0.9 1 3 3
Hydro 754 669 552 -26.8 -2.8 -1.7 -4.7 3 2 2
Ocean 0 0 1533 N/a 0.0 0.0 N/a 0 0 5
Wind 2,936 9,216 13,501 359.8 14.9 17.8 10.0 10 29 41
Total Generation 3,873 10,854 16,589 328.4 14.1 15.9 11.2
Gross Consumption 28,244 31,715 33,244 17.7
RES-E 133.9 7.3 18.9 2.0 14 34 50

5.2.2 Renewable Contribution to Overall Energy Demand

The effect of including the extra renewable electricity generation in the Exploratory scenario sees the overall RES
contribution reach 18.3%, as shown in . This would represent an over-achievement of the EU target, even
with the higher energy consumption in the Exploratory scenario.

Renewable energy in heat and transport increases to meet the RES-H and RES-T targets. The over-achievement on
the RES-E target pushes the overall RES above 16%.

42 Asdescribed in EU Renewable Energy Directive 28/EC/2009 all renewable energy is assumed to be used domestically

43 http://www.dcenr.gov.ie/NR/rdonlyres/1B7ED484-456E-4718-A728-97B82D15A92F/0/AllIslandGridStudyStudyOverviewJan08.pdf
44 http://www.eirgrid.com/media/47693_EG_Interconnect09.pdf

45 http://www.eirgrid.com/media/Low%20Carbon%20Generation%200ptions%20for%20the%20Al1%20Island%20Market%20(2).pdf
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Figure 25 Renewable Energy Contribution to Final Consumption (Exploratory)
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summarises the data and trends apparent in . The surpassing of the EU target, as in this scenario,
is contingent on an annual growth rate in renewable energy of 13%. The increase in RES as a result of the increased
renewable electricity included has a positive impact on achievement of the EU target in the modelling exercise.
However, achieving this depends on, inter alia, overcoming the technical challenges of incorporating such a high
level of renewable electricity in the electricity grid; building the infrastructure required for electric vehicles, and
overcoming the challenges of delivering the level of biofuels required and renewable energy in the heat sector. A
possible trade-off between sectors can be achieved by shifting some heating demand into the electricity demand.
Section ﬂ looks at the effects of using electricity for residential heating.
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Table 29 Renewable Energy as a % of Final Consumption (Exploratory)

Total Final Demand Growth Average Annual Growth Rate Sectoral Shares
(ktoe) % % %

2009 2016 2020 09-'20 09-'20 09-'16 16-'20 2009 2016 2020
iRl 333 933 1,426 3284 14.1 15.9 1.2 54 56 58
Electricity
Renewable Heat 212 432 579 173.5 9.6 10.7 7.6 34 26 24
el 77 309 433 459.9 17.0 219 8.8 12 18 18
Transport
For RES-T 78 322 477 509.6 17.9 224 10.4
Total Renewable | ;500 5109 5121 292.0 13.2 15.2 9.9
Energy
RES 49 128 183
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6 Discussion

This section considers some of the main points of interest from the results of this year’s forecast projections. Points
of note include:

e The impact of economic projections and energy efficiency measures on projected energy consumption

e The quantities of renewable energy required to comply with Ireland’s EU obligations and their impact on primary
energy requirements

e The outcome of accounting for the extra renewable electricity potential in the context of higher demand

The projected total final consumption for 2020 (13,192 ktoe) in the Baseline scenario is 12% lower than the
corresponding figure in last year's forecast for two reasons. First, the 2010 forecasts use the most up-to-date
economic forecast from the ESRI. These projections reflect the lower expectations for economic growth in the next
few years. Second, a small proportion of this reduction is due to energy efficiency measures that were introduced
over the last year. Appendix 1a contains detailed analysis of the efficiency measures underlying the adjustments as

shown in below.

Figure 26 Energy Savings Applied per Scenario
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Eigure 27 Eigure 2§ and Figure 29 shows the projected energy flows for the three scenarios examined. Compared to
the Baseline, the NEEAP/NREAP scenario shows an 8% reduction in the total primary energy requirement. The impact
of the extra renewable energy is shown by the reduction in fossil-fuel use in NEEAP/NREAP, even when the extra
electricity exports are accounted for. On the consumption side, the impact of energy efficiency is evident, with a
10% drop in final energy consumption.
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Figure 27 Projected Energy Flow in Ireland in 2020 (Baseline)
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Figure 28 Projected Energy Flow in Ireland in 2020 (NEEAP/NREAP)
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Note: Some statistical differences and rounding errors exist between inputs and outputs

The Exploratory scenario diagram (Figure 29) shows that the primary energy requirement for fossil fuels is greater
than in NEEAP/NREAP. Two factors are influencing this: the higher demand due to the economic assumptions
and higher electricity exports driven by the expansion of renewable electricity capacity and interconnection.
Compared to the Baseline, the Exploratory scenario shows a reduction in fossil-fuel use, even with the higher energy
consumption. This shows how the renewable energy in the Exploratory scenario has a positive impact on long-term
security of supply by reducing Ireland’s dependence on imported fossil fuels.
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Figure 29 Projected Energy Flow in Ireland in 2020 (Exploratory)
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Both the NEEAP/NREAP and the Exploratory scenarios show compliance with Ireland’s renewable energy obligations
in 2020. NEEAP/NREAP shows how achievement of the White Paper targets of RES-E 40%, RES-T 10% and RES-H 12%
is sufficient to deliver RES-16% in 2020. This scenario should be viewed as the minimum requirement for renewable
energy by 2020 in order to meet RES 16%, particularly given the uncertainty surrounding economic forecasting in
Ireland at the time of writing.

The Exploratory scenario considers the possibility that economic growth turns out to be higher than anticipated. It
also takes account of the potential available for renewable electricity expansion beyond what is required in NEEAP/
NREAP. RES-E is 50% in this scenario, reflecting the increase in capacity, dampened by the increased electricity
consumption. Total RES comes out at 18.3%, reflecting this over-achievement on the electricity target. The renewable
energy requirement for heat and transport also increases in line with demand.

These results show that Ireland has some flexibility in achieving the renewable obligations. shows how
the NEEAP/NREAP scenario affects greenhouse-gas (GHG) emissions relative to the high levels witnessed in 2005 (a
reference year for both the 21% ETS emissions reduction target and the 20% non-ETS emissions reduction target).
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Overall, there is a marked decrease in CO, over the period. This is more pronounced in the Emissions Trading Sector
(ETS) than in the non-ETS sector. This shows an improvement in Ireland’s prospects of meeting the 20% reduction
in emissions relative to 2005, when compared to the outcome in the 2009 forecasts. In this scenario, total energy-
related CO, emissions in 2020 are reduced by 27% relative to 2005 levels and Non-ETS emissions are reduced by 17%
relative to 2005 levels, leaving a relatively small gap to the 20% target. This contrasts greatly with last year’s forecasts
which suggested that energy-related Non-ETS CO, emissions would be 1% above 2005 levels in 2020.




48 ENERGY MODELLING GROUP

Figure 30 Energy-Related CO, Emissions (NEEAP/NREAP)
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When CO, emissions are considered in the Exploratory scenario (Figure 31), two interesting trends emerge. First, the
impact of the extra renewable electricity capacity is clear, with a large reduction in ETS-related emissions. Secondly,
the emissions in the non-ETS sector drop at a much slower rate than in the NEEAP/NREAP and fall short of the 20%
non-ETS reduction target by some distance in 2020.

Figure 31 Energy-Related CO, Emissions (Exploratory)
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As last year's report outlined, two possible approaches are available in tackling emissions in the non-ETS sector:
(1) increased ambition for energy efficiency and renewable energy in the non-ETS sector and (2) ‘shifting’ energy
demand from the non-ETS sector to the ETS sector. Part 2, Section E, of this report looks at the impact of using
electricity to meet 10% of the residential fossil-fuel heating requirement i.e electrification of heat. This removes 847
kt CO, from the Non-ETS emissions, representing a 1.8% reduction relative to 2005 levels and, using the Exploratory
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scenario electricity generation plant mix, adds 180 kt to ETS emissions.

Further work is required to investigate the cost and potential of pursuing this type of policy action. Part 2 outlines
the modelling capacity that SEAI has put in place. Future work will involve using these models to investigate and
compare the full impact of both policy options. Part 2 of this report outlines the details of these models.
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PART 2 — Developing SEAI's Energy Modelling Capacity
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7

7.1

Bottom-Up Energy Demand Modelling — LEAP Ireland

In the 2009 Energy Forecast report, SEAl's Energy Modelling Group identified further specific areas of energy
modelling required to improve the evidence base for informed policy decisions. One area identified for future
work was to develop a greater degree of sectoral disaggregation of energy demand and to address the potential
incompatibility of macro-economic assumptions (top-down or sectoral level) underpinning the Baseline data with
those underpinning ‘bottom-up’ savings estimates from individual policies.

SEAI's specific aim in this regard was to build a bottom-up (BU) Baseline energy demand projection for energy end-
use in each sector, based on existing and future stock data. Scenario analysis could then build on this, adjusting the
new BU Baseline on the basis of the expected impacts of individual (or groups of) policies and measures. Using this
method, the assumptions underpinning the BU Baseline projection and those underpinning scenario analysis would
be automatically aligned. The tool identified for this task was the Long-Range Energy Alternatives Planning (LEAP)
system®,

LEAP is a widely used software tool for energy-policy analysis and climate-change mitigation assessment. It can
be used at many different scales, ranging from cities and states to national, regional and global applications. LEAP
does not have a rigidly defined model structure. Rather it is a tool that can be used to create different models
of energy systems, where each model requires its own internal tree structures and its own approach to energy-
demand calculations - for example, final energy-demand analysis, useful energy-demand analysis, stock models,
etc. Thus LEAP supports a wide range of different modelling methodologies.

This section presents the results of the work done by University College Cork with SEAI on building a LEAP model
for Ireland. The existing LEAP-Ireland model includes energy use in private-car transport, the residential sector and
industry. It is currently being extended to include freight transport. The short-term goal over the next year is to
extend this model to cover the entire economy, i.e. to include energy use in the services sector and in aviation.
The long-term vision is to use LEAP-Ireland as a planning tool for assessing the future impacts of possible energy
efficiency policies and measures, complementing and providing an alternative perspective to ongoing macro-
economic modelling.

This section presents some of the methodology and results from BU Baseline and scenario analysis, focusing on
energy demand in transport and the residential sector — two key sectors with regard to energy use in Ireland.
The purpose is to illustrate how LEAP works and how it can help to inform decision-making on energy efficiency
measures that affect technology choices.

Modelling Energy Demand in Transport

Energy demand in Irish transport has not decoupled from economic growth as it has in other sectors. It has grown
by 181% in the period 1990-2007 and increased its share of total demand from 28% to 43% in the same period®.
Private cars are the main transport mode, accounting for almost half of transport energy demand in 2008, while
between 1990 and 2008 private car energy consumption increased by 5% per annum. In the EU, the transport sector
will have to reduce its emissions by up to 60% below 1990 levels if the 2050 climate objectives are to be met*s. Given
the almost complete reliance of transport on fossil fuels, future constraints on emissions will likely be the main
factor that governments consider in designing the transport system.

Arange of policy measures have been proposed and implemented to deal with rising transport emissions, particularly
ones that target private car transport. Measures aiming to improve the efficiency of the car fleet have included: EU
regulation 443/2009, mandating an improvement in new-car efficiency to 130 g CO,/km by 2015; a change in the
vehicle registration taxation system in 2008 to a CO,-based system, which has led to lower sales of CO,-intensive
vehicles, and a target for 10% of the car fleet to be electrified by 2020. Furthermore, the Government’s Smarter Travel
plan* proposes measures encouraging infrastructural and behavioural changes, for example through investment
in public transport and bicycle and walking facilities to stimulate modal shifting, through education campaigns for
more efficient driving, and through encouraging ride-sharing.

A detailed passenger transport energy model has been created in LEAP, focused on measuring the effects of such
policies on future energy demand. A Baseline scenario, assuming that past trends continue into the future, is a
reference model on which savings from different scenarios are measured. The bottom-up nature of the Baseline
model readily allows scenario analysis that measures improvements due to technological efficiency. Energy savings

46 http://www.energycommunity.org/default.asp?action=47

47 Howley, M, Dennehy, E & O Gallachéir, BP. (2009) Energy in Transport. Energy Policy Statistical Support Unit, Sustainable Energy Authority of Ireland, Dublin.

48 The European Council, at its meeting of 15 March 2010, reaffirmed support for the EU objective of reducing emissions by 80-95% by 2050 compared to
1990 levels.

49 http://www.smartertravel.ie/
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from the 10% electric vehicle (EV) target, the 2008 car tax change and the EU target for new-car efficiency have
been quantified using LEAP. This model can also measure savings from modal shifting and efficient driving and the
impact of increased biofuels penetration.

This section focuses on the modelling of the Baseline scenario for private cars and presents the results of three
scenarios relating to the 10% EV target, using a range of assumptions surrounding the technology of EVs introduced
and the types of cars they displace. The EV target is chosen here as an example to illustrate how LEAP operates and
the type of outputs it provides. The model, as already mentioned, can model a range of other policy measures.

7.1.1 Methodology

A private car stock demographic model has been developed, where the stock, distance travelled and on-road
efficiency are calculated for vehicles, disaggregated by technology (fuel type and engine cylinder capacity) and
vintage®. Stock demographics are calculated from vehicle retirement rates derived from historical stock analysis,
future car sales (assuming continued growth in sales from 2010°'), and imports. The 2009 new-car technology profile
is carried forward to 2020%2.

Distances travelled for different types of petrol and diesel cars were derived from National Car Test (NCT) odometer
readings from 2000 to 2008%, along with specific fuel consumption data for each new-car type**. Fuel consumption
is converted to energy demand and aged by 0.3% for each vintage year, and an on-road factor of 1.06 for petrol and
1.12 for diesel cars is applied to account for the difference between official test and on-road fuel consumption®.
Energy demand each year is then calculated in LEAP as the product of stock, distance travelled and specific energy
consumption in each technology and age category.

Scenario ‘levers’ in the model enable the analysis of efficiency improvements, overall travel reduction and car-
sharing, modal shift, and efficient driving.

7.1.2 Baseline scenario results

The Baseline scenario for private cars comprises a forecast of energy demand where growth in car sales is tied to an
assumed recovery of the economy, and the technology profile of new cars remains as it was in 2009. The total car
stock rises from 1.91 million cars in 2008 to 2.02 million cars in 2020, and fleet activity rises from 29.6 billion vehicle
kilometers (bvkm) to 33.2 bvkm in 2020. shows Baseline private-car energy consumption growing from
1,920 ktoe in 2008 to 2,116 ktoe in 2020, a rise of 10%. This is as a result of growth in the larger cc bands in the 2000s.
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50 Daly, H & O Gallachéir, BP. (2010) Modelling Private Car Energy Demand Using a Stock Model. Transportation Research Part D: Transport and Environment,
in press (doi:101016/j.trd.2010.08.009).

51 Bergin, A, Conefrey, T, FitzGerald, J and Kearney, . (2009) Recovery Scenarios for Ireland. Dublin: Economic and Social Research Institute.

52 The forecasting methodology is described in detail in: Daly, H & O Gallachéir, BP. Forecasting Private Car Energy Demand Using Bottom-Up Car Stock
Modelling, Energy (in review).

53 Provided by SEAI's Energy Policy Statistical Support Unit.

54 http://www.cso.ie/px/sei/database/SEl/Transport%205Statistics/Transport%20Statistics.asp

55 Daly, H & O Gallachéir, BP. (2010) Modelling Private Car Energy Demand Using a Stock Model. Transportation Research Part D: Transport and Environment,
in press (doi:101016/j.trd.2010.08.009).
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Figure 32 Energy demand by engine cylinder capacity, 2008 — 2020
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EV scenarios

Three scenarios are developed to measure the impact of the 10% EV target, where petrol and diesel vehicle sales are

displaced up to 2020, shown in Figure 33. The proportion of EVs sold rises to 30%, reaching 10% of the 2.2 million
cars in the fleet by 2020 (Figure 34). The pattern of sales in is based on actual sales in 2008 and 2009 and
on forecasted growth of sales in 2010 in an economic recovery (low) scenario®.

Figure 33 Sales by fuel type in 10% EV scenario
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56 Bergin, A, Conefrey, T, FitzGerald, J and Kearney, . (2009) Recovery Scenarios for Ireland. Dublin: Economic and Social Research Institute.
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Figure 34 Total car stock by fuel type
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The scenarios are developed by varying the sales technology profile. Three EV scenarios give a range of outcomes
from an upper-bound ‘best case’ to less successful scenarios with fewer energy savings. The three EV scenarios are
summarised as:

e The most optimistic scenario, EV_bestcase, assumes that high-efficiency (0.58 MJ/km) and high-mileage EVs will
displace the less efficient (2.51 MJ/km) and higher-mileage (20,148 kms/year) cc bands above 1,500 cc.

e EV_average assumes that new EVs (0.72 MJ/km) will displace average internal combustion engine sales and
mileage (efficiency 2.25 MJ/km and 16,032 kms/year).

e EV_low gives a scenario in which EVs have lower mileage than the stock and displace the smaller petrol engines,
which are generally used as city and second family cars for shorter trips (0.95 MJ/km EVs displacing 2.21 MJ/km
cars travelling 13,000 kms/year).

°

c
i

[
=
o
<
w
-l
~N




ENERGY FORECASTS FOR IRELAND TO 2020 55

Figure 35 New-car average efficiency
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Figure 33 and Figure 3¢ show the new-car and stock-average fuel efficiency for each of the four scenarios. Efficiency
is measured in terms of energy, MJ/km, as diesel has a higher energy content than petrol and the growing share of
the former would show greater efficiency improvements if measured in terms of fuel volume.

Figure 36 Stock-average on-road efficiency
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igure 37 shows the energy consumption in each of the four scenarios. The best-case EV scenario gives energy

savings of 8.7% for 2020 compared to the Baseline scenario, with the efficiency gained displacing the rise in car
travel. EV_low and EV_average give savings of 2.5% and 6.5% respectively.
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7.2

Figure 37 Private-car energy consumption in four scenarios
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The forecasted growth in Baseline energy shown in is due to the rising car stock and consequent vehicle
activity. Increased vehicle efficiency and the decreasing per-car annual mileage slow down the growth, while the
dip in 2018 energy is due to the model’s 19-year vintage limit and the large number of 2000-registered vehicles
in the stock that are retired that year. The EV_low scenario shows a slower yet still positive growth; the efficiency
savings due to EVs are not significant enough to counter the increased activity. EV_bestcase shows energy almost
returning to 2008 levels, despite the extra 100,000 cars on the road by 2020, but the step-change in introducing EVs
leads to a limited growth in savings.

A number of caveats come with these results. First, results inevitably vary depending on the assumptions inputted
into the model. The modelling is based on macro-economic projections that underpinned the 2009 national
energy forecasts and these have changed as Ireland’s economic situation has worsened. The Baseline case serves
as a reference on which to measure savings from specific measures. It does not include key government targets,
particularly in relation to demand reduction and modal shift. Secondly, no rebound effect™ is included associated
with the introduction of EVs, which might reflect the incentive for more travel because of cheaper running costs.
Overall, private-car travel is constant over each scenario and the rebound effect associated with EVs needs to be
identified. Thirdly, the impact of EVs on emissions will largely depend on the electricity mix in 2020 and the charging
profiles of EVs. Lastly, it is assumed that the 10% target will indeed be met.

The Passenger Transport module in the Irish LEAP model has the ability to analyse a wide range of government and
EU measures and targets. The consequences of the EV target are an example, illustrating the bottom-up approach
of the model.

Residential Sector

A bottom-up model of the residential sector was developed from data contained in the Building Energy Rating (BER)
database. At the time of this analysis, the database included 130,000 BER certificates and associated data for dwellings
assessed between 2007 and 2010. Data on dwelling type, energy rating, floor area and energy consumption per m?
was used to characterise the energy consumption of the existing dwelling stock®®. Using this data, the Baseline
energy consumption of the existing dwelling stock was calculated and forecast out to 2020. A number of alternative
scenarios were then developed, accounting for the introduction of the 2010 and 2013 building regulations for new
dwellings, the phase-out of incandescent light bulbs and the retrofitting of the housing stock.

For a typical residential dwelling, most of its energy use is for space heating. In poorly insulated dwellings this

57 Many energy efficiency improvements do not reduce energy consumption by the amount predicted by simple engineering models. Such improvements
make energy services cheaper, so consumption of those services increases. For example, since fuel-efficient vehicles make travel cheaper, consumers may
choose to drive further and/or more often, thereby offsetting some of the energy savings achieved.

58 In this model, the existing dwelling stock excludes vacant dwellings and holiday homes; it is based on permanently occupied dwellings.
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energy demand can be substantially reduced by retrofitting measures such as improved insulation or increased
boiler efficiency. Retrofitting of building fabric has been identified as one of the most cost-effective ways to achieve
energy efficiency savings in the economy, generally achieving a net saving over the time frame considered®. In the
Irish context, the scope for economical energy efficiency gains to be made through retrofitting the building stock
has been identified in the National Energy Efficiency Action Plan®®. We focus on the residential retrofit scenario here
to demonstrate how a bottom-up modelling approach can be used to model improvements to the efficiency at
which energy is used in the cohort of existing dwellings.

7.2.1 Methodology

The retrofit scenario focuses on the dwelling stock of 2008 and how improvements carried out between 2009 and
2020 affect their space heating energy consumption. It does not consider the construction of any new dwellings
or the introduction of new building regulations governing the construction of new dwellings. Within the model,
dwellings occupied in 2008 that are retrofitted between 2009 and 2020 are considered separately to dwellings
occupied in 2008 that have not been retrofitted. The former are referred to as retrofitted dwellings and the latter
as existing dwellings. Dwellings that are occupied after 2009 are referred to as new dwellings, but these are not
considered in the retrofit scenario. Although retrofitting works can affect the space heating, water heating and
lighting energy requirements, and all of these are accounted for in the model, for simplicity’s sake only the space
heating figures will be presented here, as these are the largest source of potential savings.

Working from the BER database and excluding dwellings constructed after 2008, the stock of existing dwellings
was first disaggregated into five dwelling types and then into seven BER categories. The five dwelling types used
to represent the entire stock are: one-storey detached, two-storey detached, two-storey semi-detached, terraced
houses, and apartments. The seven BER categories are A, B, C, D, E, F & G. For each of these 35 categories — seven BER
categories multiplied by five dwelling types — data was input for share (proportion of stock) by dwelling type and
energy rating, average floor area, average energy consumption per m? of main and secondary space heating and
main and secondary water heating. The resultant breakdown of energy demand for total space heating in kWh/m?/
annum for each of these categories is shown in Figure 38.

Figure 38 Space heating energy demand of existing dwellings by BER band
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The last input required for the model was the total number of dwellings. For 2008, the number of permanently
occupied dwellings was calculated from 2006 census data®', while an estimate was made for 2007 and 2008%2 new

59 SEAI (2009), Ireland’s Low-Carbon Opportunity. An analysis of the costs and benefits of reducing greenhouse gas emissions

60 Department of Communications, Energy and Natural Resources (2009),‘Maximising Ireland’s Energy Efficiency: The National Energy Efficiency Action Plan
2009-2020°

61 http://www.cso.ie/census/Census2006Results.htm

62 Dineen, D and O Gallachéir, BP. (2010) Modelling the Impacts of Building Regulations and a Property Bubble on Residential Space and Water Heating.
Energy and Buildings (doi:10.1016/j.enbuild.2010.09.004)
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dwellings and for the natural obsolescence rate of existing dwellings, through demolition or abandonment. The
figure for natural obsolescence has been quantified by the Department of the Environment, Heritage and Local
Government as 0.73% of the total housing stock per annum?®,

Baseline scenario

The LEAP Baseline scenario for the residential sector assumes no retrofitting work is carried out on any of the 2008
existing stock between 2009 and 2020. This includes any autonomous retrofitting work that would be expected
regardless of any policies or incentives. It does include the effect of the natural obsolescence rate of existing
dwellings, through demolition or abandonment. Therefore the number of existing dwellings decreases annually
and, assuming constant energy consumption per dwelling, the total energy consumption of existing dwellings also
decreases under the Baseline scenario.

Retrofit scenario

In this scenario, the modelling methodology is to consider the aggregate effect of moving dwellings from one BER
band to another, rather than focusing on the effect on dwelling energy efficiency of particular retrofit measures, such
as improved attic insulation or a boiler upgrade. For the retrofit scenario, it was assumed that 800,000 residential
dwellings would be retrofitted between 2010 and 2020. It was also assumed that dwellings with lower BERs would
be more likely to be retrofitted than dwellings with a better BER and that no dwellings with a C BER or higher would
be retrofitted. It was assumed that all retrofitted dwellings, whether originally a D or a G label, would be improved to
a Clabel. This scenario changed the energy demand (kWh/m?) figure for 800,000 D, E, F and G energy-rated existing
dwellings up to the energy demand for a C dwelling. The savings achieved in moving a dwelling from each of these

ratings to a Crating is given in .

Figure 39 Space heating energy savings gained by upgrading to C BER grade
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7.2.2 Results

shows the space heating energy demand of the 2008 stock of existing dwellings between 2008 and 2020
for the Baseline and retrofit scenarios. Note again that this excludes the energy use due to new dwellings occupied
after 2008. In the Baseline scenario, energy demand per dwelling is assumed constant and the reduction in overall
energy demand is due to obsolescence. For the retrofit scenario, with respect to the Baseline scenario in the year
2020, the model predicts annual savings of 726 ktoe, or 8,440GWh. This compares favourably with the “additional
savings to be captured” figure identified in the NEEAP (2009) of 8,195GWh in 2020.

63 http://www.environ.ie/en/Publications/StatisticsandRegularPublications/HousingStatistics/
64 Gap to target.
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Figure 40 Comparison of Baseline and retrofit scenarios
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7.2.3 Next steps

The LEAP_Ireland model is currently being extended to include freight transport, with the goal of achieving full
economy coverage (all energy-using sectors) over the next year. In addition to the examples shown here, there
is ample scope for running further scenarios on many of the policies contained in the NEEAP. Examples for the
residential sector include:

e Multiple retrofitting scenarios that include a combination of shallow and deep retrofitting measures applied to
different dwellings

e The development of zero-carbon homes

e The effect on CO, emissions of fuel-shifting and the increasing use of on-site renewable sources of energy in the
residential sector

In addition to extending the LEAP_Ireland model and developing new scenarios, the model will also continue to be
improved by exploiting a number of new data sources as they become available. Subject to the constraint of good
data, the full LEAP model will in time provide a fully disaggregated picture of energy demand in Ireland by all end-
use types and by fuel type.
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8.1

PLEXOS Electricity Model — Electrification of
Residential Heat

Overview

SEAI's 2009 Energy Forecasts for Ireland to 2020 Report pointed to the significant challenges facing Ireland in
meeting its targets for greenhouse gas emissions reduction, in particular in the non-emissions trading sectors
(non ETS). Under EU Decision 406/2009/EC, Ireland’s target is to achieve a 20% reduction relative to 2005 levels.
According to the 2009 report, one option for meeting this challenge is through the electrification of transport and
heating energy, which in effect transfers emissions from non-ETS sectors to ETS sectors. While there is some analysis
being undertaken in the area of electrification of transport (arising from the 10% electric vehicle penetration target
for 2020), the area of electrification of heat has not received assessed in a rigorous manner to date. Initial results from
the Irish TIMES model suggest that electrification of residential heating may contribute to a least cost technology
solution to meeting Ireland’s 20% non-ETS emissions reduction target .

This section models the impacts of increased electrification of residential heating, in order to present some initial
results to inform the policy decisions relating to this option. In 2009, electricity accounted for 22% of residential
energy use and it is estimated that more than half of this was used for lighting and appliances. In this analysis it
is assumed that 10% of thermal energy in the residential sector is provided by electricity. The modelling carried
out here assesses the impact of increasing electrification of residential heating to 20%, i.e. doubling the share of
residential thermal energy provided by electricity.

It is important to understand what impacts this has on electricity generation and the resultant impacts of this
change on energy-related carbon dioxide emissions. The primary modelling tool used here is Energy Exemplar’s
PLEXOS , a tool extensively used in Ireland to model how Ireland'’s single electricity market operates.

PLEXOS is an electricity system market modelling tool that can operate over various planning and scheduling
horizons, using different algorithms, objective functions and operational methods in each case. It can be used for
schedule generation, capacity expansion, transmission planning, portfolio optimisation and market analysis. As
an electrical system model, the input data comprises primarily of the details of the generators, transmission lines
and loads. The nature of PLEXOS means that it can simultaneously optimise and take into account all technical
limitations and constraints of the modelled power system. SEAI's PLEXOS_Ireland model is used here to predict
future hourly dispatch of electricity generating units (fossil-fuel and renewable) with a focus on the year 2020.

Residential heating needs to be profiled on an hourly basis in order to construct the electricity demand inputs
required by PLEXOS. This also allows us to model how much fossil fuel based thermal energy is displaced through
electrification and how much NETS CO, emissions are avoided due to electrification.

Running the PLEXOS model with and without the additional electrification of residential heating and comparing the
results enables us to estimate the CO, emissions that are generated due to the electrification. Comparing this with
the avoided NETS emissions enables us to estimate the overall emissions impact of electrification.

8.2 SEAI PLEXOS Ireland Model

The SEAI PLEXOS model is based on the validated model published by the Commission for Energy Regulation (CER)
in April 2010%. The CER model is designed to model electricity prices in the Single Electricity Market (SEM) over a
horizon of 1-2 years. It contains all the operating characteristics of the existing electricity production (generating)
units, with the exception of the variable operating and maintenance costs. Some amendments and adjustments
have been made to this model to make it fit for longer-term forecasting to 2020. These include:

e Extension of the modelling horizon to 2020
o Afull model of Great Britain’s power market

e A change to the manner in which interconnector flows are modelled - incorporating a characterisation of the
interaction between the single electricity market and the UK market

e Power-system constraints have been applied within the model to reflect the operational rules commonly used
in the Irish system

The model optimises the generator dispatch, including interconnector flows, for each half-hour in the day to produce

65 http://www.allislandproject.org/en/market_decision_documents.aspx?article=cb4ee33b-a83a-47ce-956a-6cff30900495
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the least-cost arrangement of plant to meet demand over the year. This optimisation is subject to constraints such as
plant availability, system operating rules and wind profiles. The main assumptions and methodology that support
the electricity modelling are detailed below. The model is used here in conjunction with a heat model developed
by the Energy Policy Group in UCC in order to assess the impact of the electrification of a proportion of the heat
consumption in the residential sector.

Plant Build and Operational Characteristics

Plant build in the PLEXOS model that follows is outlined in [Table 3d. This capacity profile is the same as that used in
the Exploratory scenario in the core forecasting process. The new generator connections dates follow the Generation
Adequacy Report (GAR) 2010-2016 and the Incremental Capacity Transfer Programme informs renewable expansion.

Table 30 Installed Electricity Generation Capacity in 2020
Installed Generation Capacity in 2020 (MW)

Fossil Fuel Generation Type 2020 Renewable Energy Generation Type

Coal 840 Wind 5,642
Oil 0 Wave 500
Gas 3,759 LFG 54
Distillate (Peaking Plant) 806 Co-Firing 104
Peat 346 Embedded Biomass CHP 198
Non-Renewable Embedded Generation 173

Interconnection 1,400

The Northern Ireland (NI) thermal plant mix is static throughout the forecast horizon as per the validated model.
Installed wind capacity in Nl reaches 1,000 MW in 2020. Plant data is as detailed in the validated model. Extra detail
that estimates units’ variable operating and maintenance costs, start costs and maintenance rates have been
added®®.

Wheeling charges are applied to both interconnectors and are established based on the methodology outlined in
the validated model report®”. These charges reflect the cost of flowing energy from one market to the other; they are
assumed to be the same for both interconnectors and constant over the forecast period. The wheeling charges are
13.2 €/MWh from the all-island Single Electricity Market (SEM) to Great Britain (GB) and -0.4 €/ MWh from GB to SEM.
One effect of this is that a much smaller price gap is required between the SEM and GB to drive imports to SEM than
is required to drive exports from SEM to GB. A second outcome is that, when the price differential between SEM and
GB is 12.8 € /MWh or less, no import or export flows will occur.

The CER's published validated model includes a set of regional wind profiles for half-hourly wind generation. These
are based on generation levels of wind plant in 2008. The model applies these 2008 profiles to the wind capacity in
each future year to attain that year's electricity production from wind.

The published model has no data file for offshore wind. A data file was created using 2008 wind speed data for
the Irish Sea. A typical turbine power curve is used to create a wind-generation profile from the wind speed. It is
assumed that there is no loss of output at higher wind speeds once the maximum output is reached and that the
wind profile calculated for the Irish Sea applies to the west coast.

Two system operation constraints are incorporated in the model:

e A constraint restricting the amount of wind generation in the model in a given half-hour period: the amount of
wind generated, when added to imports, must not exceed 70% of the sum of system load and exports.

(Wind Gen+Import)/(System Load+Export) < 0.7
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This restriction is based on work carried out by Ecofys for EirGrid in its Facilitation of Renewables report®e.

e There must be at least 10 units with a maximum generating capacity of 100 MW operating in each half-hour
period.

The validated model represents GB using a single generator. This generator is calibrated to reflect the historical
relationship between GB electricity market prices and gas and carbon prices. This is adequate for the near-term
horizon of the validated model. For the longer-term horizon involved in the National Energy Forecast and the
NREAP, a more robust representation of GB is required

The representation of the GB market is based on proprietary data obtained from Redpoint Energy which holds and

66 Estimates of VO&M and maintenance are based on work conducted by Redpoint Energy for SEAL. Start costs are based on actual market data.
67 http://www.allislandproject.org/en/market_decision_documents.aspx?article=cb4ee33b-a83a-47ce-956a-6cff30900495
68 http://www.eirgrid.com/renewables/facilitationofrenewables/
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8.3

maintains a full data set of GB generators. The units in GB are represented at a lower resolution than in the SEM
to facilitate a more efficient model run. Properties such as minimum load and minimum up/down times are not
represented. To capture the operational characteristic of the GB market - that generator bid prices rarely equal their
short-run marginal cost — a mark-up was added to each generator’s bid price. The mark-ups are calculated based on
those used in the validated model.

New-plant build and electricity demand projections are based on analysis conducted by Redpoint Energy. Wind
capacity build is based on the UK government’s announced targets, with offshore wind reaching 10 GW by 2020.

Residential Heating Demand Model

Due to electricity also being used for a wide range of other time-varying loads, it is not possible to simply
proportionally scale a baseline electrical demand profile to model increasing amounts of electric heating. Instead,
the total annual demand for heat must be apportioned across the year at an hourly resolution. The heating demand
model described here computes a normalised annual energy profile which is later scaled and added to the baseline
electrical demand.

Unfortunately the temporal usage profiles for the majority of home heating fuels cannot be determined indirectly.
Qil, coal and bottled gas for residential use are delivered in bulk and in advance of their use and so only average rates
of consumption can be inferred. However, grid-sourced gas is metered at all points of injection and consumption
and is used to service a relatively small set of deterministic load types, particularly in a residential context. This
allows heating energy demand to be isolated with greater ease and accuracy than with electricity.

8.3.1 Daily Profile

Space Heating

More heat energy is required to maintain a consistent and comfortable temperature in the interior space of a
building on colder than on warmer days. Heating Degree Days are an expression of this concept, gauging how
much (in degrees) and for how long (in days) the outside air temperature was lower than a suitably chosen ‘base’
temperature. In simple terms, most buildings will need to be heated only when the outside temperature falls below
this base temperature and will need increasing amounts of heat the lower it falls. The profile of space heating energy
demand in Ireland is therefore broadly similar to the 25-year-average Heating Degree Day profile shown in
demand peaks mid-winter and tends to zero during the summer.

Figure 41 Heating degree days profile for Ireland
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While outside temperature is the primary determinant of daily heating demand, a variety of other environmental
and human factors also exert varying degrees of influence. The demand model processes these into a Composite
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Weather Variable, which is effectively a normalised space heating energy demand. The relative heating demand for
each day of the year is therefore available.

Domestic Hot Water

Historical daily gas demand data was obtained from Gaslink, the Irish gas network operator. Crucially, this included
a breakdown of demand for residences and small businesses (the 'NDM'’ sector), both of which use gas primarily for
space and water heating. Thus, NDM demand can be taken as a direct proxy for thermal energy demand.

shows NDM gas consumption for 2008 and 2009, which is clearly seen to remain relatively static through summer
months.

Figure 42 Daily NDM gas volumes for 2008 and 2009
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If it is assumed that the majority of buildings are unheated during the summer then the demand observed here
represents the relatively invariant Domestic Hot Water (DHW) load which is unaffected by weather. Accordingly,

DHW then accounts for about 30% of the total annual loads in these example years, with the long term historical
trend showing similar results.

8.3.2 Calibration and Validation

The parameters of the Composite Weather Variable climate model were tuned using historical NDM data. The final
result of this is compared to the actual NDM profile for a sample year in igure 43.
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Figure 43 Climate profile model and NDM gas correlation for 2009

90 T--
80
70 4
. 60
=
=
= 504
©
c
©
€ 40
[
o
>
‘s 307
o
20 4
10
o++—r—+—T+—T+—FT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

c c c Qo Qo = = = = > > c c = = = [=2 (=2 Q. Q - kel > > v o [v)

T &8 &8 © © 8 S 9 9 T =& 3 32 32 o o X X © o 9 9o 9

T3 <3232 3 3F3F 84922294009

- q T . g 0 ; -

5 233 288 2L 88AF g T Re - P 25 8RR 4g8g 38005
=== Actual Gaslink NDM ——Climate Model Result

The direct relationship between climate and gas consumption is apparent: temperature peaks and troughs lasting
days and weeks are relatively similar in magnitude and are reflected in the NDM demand without lag. Aside from
any variance or error in assessing the DHW base load, differences between the two could be due to human factors
including overcompensation for perceived cold weather by way of wall-mounted “manual boost” controls. This is
particularly visible during the climate model troughs in January, February and November, where gas consumption
does not drop in correspondence.

These discrepancies are not expected to be an important issue in the context of electrical dispatch modelling: the
annual total demand is forecast elsewhere and the operational security margins of the electrical grid are in place to
deal with just such variations.

8.3.3 Hourly Profile

Determining heating demand to an hourly resolution requires that the needs and daily routine of the population is
takeninto account. Heating energy demand per household is influenced by a number of factors including disposable
income, energy prices, the number of occupants and their age: homes with a working couple or without children
consume less energy than those with young or elderly residents. Available data suggests that 60% of homes are
empty and hence unheated during the working day.

The demand model developed here uses a somewhat generic profile for daily heating demand, based on data from
a field trial of domestic micro CHP by the UK Carbon Trust. This measured gas and electricity consumption by almost
100 residences over a number of years at a five minute resolution.

This data clearly shows that the average home is not heated throughout the night. An early morning peak in heating
demand occurs about two hours earlier than electrical demand (taken as a proxy for inhabitant activity), due to the
time required to raise the interior temperature to a comfortable level. Toward midday, the aggregate demand drops
to a fraction the peak load, likely due to a combination of heat gain from sunlight and the proportion of houses that
are unoccupied during the day. In the evening there is a second peak in heat demand as people returned home and
then a slow tail-off to a small but persistent overnight demand.
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The demand model uses two occupancy-related heat demand profiles that are combined according to daily
conditions. Normal weekdays assume a 60% occupancy factor (highlighted in blue in ), whereas weekends
and holidays are based on a 100% weighted occupancy profile with a fractional de-rating in overall demand. Finally,
a static DHW profile based on the Carbon Trust summer gas consumption is added to the modelled demand.
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Figure 44 Various occupancy-weighted space heating demand profiles
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Displacing Fossil Fuels

Prior to moving a portion of the baseline thermal demand over to electricity, it is first necessary to disaggregate the
space heating and DHW use of each fuel type. The residential final demands (TFD) from the SEAI High Growth 2020
forecasts were therefore coupled with per-fuel space heating and DHW factors. Specifically, approximately 14% of
residential electricity in Ireland was used for space heating and 23% for hot water in 2006. Estimates were made for
the other fuel types. Note that only electricity was taken to have non-thermal uses in a residential context.

The baseline fraction of residential thermal demand served by electricity was found to be approximately 10%.
Modelling increased amounts electrified heating involves moving shares of the baseline non-electrical thermal
demand over to electricity, other fuels being displaced in proportion to their share of baseline demand.

Taking the thermal efficiencies of each class of residential fossil fuel boiler into account allows the displaced primary
energy requirement and CO, emissions to be calculated at this point. It was determined that the SEAI 2020 Baseline
residential fuel mix forecast yields an emission intensity of 354g/kWhth. More specifically, 847 kt of direct residential
CO, emissions would be displaced to the grid if electrified heating were increased from the 10% baseline share to
a hypothetical 20%. This represents 1.8% of Ireland total non-ETS emissions in 2020 and based on this analysis,
doubling the electrification of residential heating would deliver 9% of Ireland’s 2020 target.

This new electrified heating load is adjusted to take into account both the likely number of heat pump installations
and the grid distribution losses that will be incurred, creating a final net generator demand for the PLEXOS system
model. This is used to scale the normalised space heating and DHW profiles from the demand model described
earlier.

able 31| illustrates the effect of increased residential electrified heating has on the grid demand.
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Table 31 Electrified Heat Statistics

Total ROl Demand

New Electric Heat Demand EXP Low
Electrified Heat Displaced Residential SummerLow Winter Avg. Winter Peak Year Total Year Total
Scenario CO, (kt) (MW) (MW) (MW) (GWh) (GWh)
10% (base) | - | - - - - . 28868
20% | 847 | 8 444 1112 2338 | 31,06

shows a sample of how the modelled daily heating demand varies throughout the year. The summer
profile consists of a DHW demand that is relatively insignificant compared to the large winter demand. This is
because DHW represents a relatively small fraction of the transferred annual load due to the low DHW factors of the
displaced primary fuels.
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Figure 45 Daily heating profiles computed by model

0.08 7--

Additional Electrical Load (ktoe/hour)

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour of Day
==Mid-January ===Mid-April ==Mid-May ==Mid-June

Figure 44 shows the makeup of a mid-January 2020 daily load profile for the Republic at this level. Also shown in
Figure 44 is the potential impact of the 10% EV target on the electricity demand profile.

Figure 46 Sample Mid-January 2020 ROl load profile
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8.3.4 Potential Impact Non-ETS Emissions Reduction Target

According to this analysis, 847 kt of direct residential CO, emissions would be displaced by electricity generation
if electrified heating were increased from the 10% baseline share to a hypothetical 20%. This represents 1.8% of
Ireland total non-ETS emissions in 2005 (47.9 Mt) and based on this analysis, doubling the electrification of residential
heating would thus deliver 9% of Ireland’s 2020 target (Ireland’s target is to reduce non-ETS emissions to 38.3 Mt).
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PLEXOS Simulation Results

The PLEXOS_Ireland model was run using the generation plant mix specified in the Exploratory Scenario using the
Low Growth energy demand projections. The model was run first using the electricity demand projection for 2020
and then using the same demand but adding the additional electricity demand required to meet the electrification
of residential heating as outlined in Section P}

For both runs the outputs provided the electricity dispatch results for each hour during the year 2020. This enabled
us to analyse which plants were called on to provide the additional electricity required for electrification of heat and
to calculate the associated emissions.

Table 32 System effects of electrified heat

Electrified Heat  Displaced Residential ROl ACO, System ACO, {e]] System ROI Net Exports|
Scenario CO, (kt) (kt) (kt) gCO_/kWh gCO_/kWh (ktoe)

10% (base) - - - 267.1 307.7 320

20% 847 180 366 267.5 307.8 172

Simulations runs showed that overall CO, emission increased both across the full GB/SEM system (366 kt) and within
ROI (180 kt) with the inclusion of the extra heat load, but in both cases by a significantly lower amount than the
avoided thermal energy-related CO, emissions (847 kt). Generation within the 2 regions also increased to meet the
extra load thus giving only marginal increases in CO, intensity (9CO,/kWh) in both regions as shown in .
The extra load added to the ROI region was primarily met by an increase in gas fired generation and a reduction in
exports to GB. Wind curtailment was also marginally reduced with the addition of the 20% electrified heat.

Table 33 Electricity Generation by Fuel type for Each Scenario

Rol Generation (GWh) 20% Residential Heat 10 % Baseline
Gas 7,940 8,411
Coal 4,143 4,185
Peat 1,677 1,683
Distillate 5 5

Other 327 331
Biomass 1,046 1,053
Ocean 1,607 1,615
Wind 15,122 15,304
Hydro 630 635

8.4 Discussion and Next Steps

This analysis shows that the electrification of an additional 10% of residential heating by 2020 reduces non-ETS
emissions by 845 kt CO,, equivalentto 1.8% of total non-ETS greenhouse gas emissions in 2005. This contributes 9% of
the task of achieving Ireland’s 20% emissions reduction target by 2020. Using the electricity generation assumptions
underpinning the Exploratory scenario, the additional electricity required to deliver this heat is achieved through
higher gas fired generation and lower exports to UK. The resulting emissions (180 kt — 360 kt) are considerably lower
than those avoided leading to an overall emissions benefit, despite the fact that the additional load has a negative
impact on the daily load profile. Interestingly there are also slightly lower levels of wind curtailment associated with
this electrification of heat.
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This preliminary analysis points to the importance of modelling in teasing out ideas such as electrification of heating
and is presented here to inform the discussion on the topic and illustrate what type of analysis can be undertaken
with the modelling tools used. Future analysis, using SEAI's PLEXOS Ireland model, will involve incorporating the
impact of a smart grid on the within day heating profile, in particular the impact of shifting heating load to the night
valley and to times of high renewable electricity generation.
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9 Bio-Energy Analysis Model (BEAM)

The bio-energy sector in Ireland is characterised by several complex interactions, between the many biomass fuel
sources, their location in relation to the points of demand, and their interaction with other bio-resource markets.
The Bio-Energy Analysis Model (BEAM) is a linear economic optimisation model designed to represent some of
this complexity in order to investigate the impact of current and future policy on the bio-energy sector in Ireland.
To achieve this, BEAM has at its core a characterisation of the electricity, transport and heat sectors. Outputs from
the model show how the bio-energy resource is used given the economics (costs and benefits) and constraints
associated with using each resource type.

9.1 Model Detail

Bio-Resource and Technology Costs

Resource cost and availability data have been gathered from various agencies and market participants, resulting in
a comprehensive data set of the potential bio-energy resource in Ireland. Technology characteristics and costs are
based on research conducted in both Ireland and the UK, including costs, efficiencies and uptake rates for individual
technologies®. The cost and uptake data builds on research into the various barrier costs associated with each
technology type. For example, the hassle involved for a consumer in scoping the options for a technology and the
disruption involved in installing a technology are added to the installation cost. Uptake rates for each technology
type are based on estimates of the supply-side resources available to install the technologies.

Heat Sector in BEAM

SEAI's BEAM model has a full representation of the Irish heat sector; that is, all heat-producing technologies - fossil
fuel, solar, heat pumps and biomass - are represented. Heat demand for all sectors is determined from the headline
modelling exercise detailed in Part 1 of this report and is an exogenous input to the model for each year to 2020. The
model then optimises the technology mix to meet demand in each sector, based on the costs associated with each
technology, subject to a number of constraints.

Costsinclude the capital cost associated with the purchase and installation, the demand-side barrier costs relating to
each technology, and the ongoing operating costs of each technology. Constraints include the maximum build and
retirement rates of a technology type and the minimum use of a given technology type. These constraints reflect
aspects such as the number of buildings that can connect to the gas grid or the number of renewable technologies
that must be installed in residential dwellings”. Due to the detailed characterisation of the heat sector in BEAM, the
modelling results for this sector can have a wide-ranging interpretation beyond just the bio-energy sector.

Electricity Sector in BEAM

The electricity sector is represented in BEAM by a cross-section of technologies that can produce electricity from
bio-energy resources. Electricity market price projections are input into BEAM, and the model determines on this
basis if these units will contribute to supply based on the resource choices available and the cost characteristics of
these technologies.

Transport Sector in BEAM

BEAM deals with biofuel use in the transport sector by imposing a quantity constraint for biofuels in the model. This
constraint specifies the amount of biofuel the model must consume and is consistent with the RES-T obligation. The
biofuel-producing technologies then selects the optimal resource composition to produce the refined fuels. The
model can import or export biofuels if it is economic to do so based on a user-specified trade price.

Refined Bio-Resources and Energy Crops

The model accounts for the potential for some bio-resources to be processed to produce refined biomass products.
Wood-pellet mills, for example, can use wood resources or energy crops to produce wood pellets, and refineries can
use recycled vegetable oil, oil-seed rape or wheat/barley to produce biofuels.

Energy crops production is also included as part of the model optimisation. Several factors are considered in the
model when deciding on energy crop production. The land type quantity, the yield, the opportunity cost of growing
a crop type on this land and the production cycle of the various crops are considered when finding an optimum
solution.
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69 http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/policy/renewable_heat/incentive/rhi_proposals/rhi_
proposals.aspx
70 As required by the 2008 Building Regulations.
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9.2 Model Description

shows graphically the structure of the model and how the model performs an optimisation for a given
year. The individual optimisation regions are bordered by the broken lines in the diagram. The technology running
profile and build establishes the resource demand in the model. The technologies achieve this differently across
heat, electricity and transport, as follows:

¢ In the heat sector, the technology choice is optimised based on the characteristics of the various technologies,
including fuel costs, to meet the heat demand in each sub-sector - Residential, Industrial, Agriculture and Services

e The electricity production technologies will contribute to demand if the cost of producing is less than the market
price

e An exogenous input of expected biofuel demand, based on the quantities required to meet targets, is input into
the model for transport

The model simulates resources consumption by these technologies on the basis of their cost and availability.
Some resources are processed and refined further before being consumed by the technologies. Energy crops are
optimised based on the land available, the yield characteristics and the costs. All resources used in the technologies
have transportation costs associated with them in order to capture some of the spatial aspects relating to resource
cost.

Figure 47 BEAM Optimisation Model - Outline
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The model outputs several key layers of detail, including:

e Resource usage by each technology category (fossil fuel, solar, heat pumps and biomass)
e Numbers of units (installations) built in each year

e Energy crop production, including number of hectares of land type

e Import/exports of resources and some detail on costs

The following results formed an input to SEAI's recent Bio-Energy Roadmap to 2050:"
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9.3 Bio Energy Roadmap

The Bio-Energy Roadmap describes a scenario of the potential of bio-energy use in Ireland to 2050. It outlines one
ambition for the sector and seeks to inform debate, analysis and action in the area. The BEAM model was calibrated
based on the same ambition as that in the roadmap and its outputs formed the basis for the roadmap over the
period to 2020. This section presents selected roadmap results to 2020 based on the following assumptions:

71 http://www.seai.ie/Publications/Statistics_Publications/Energy_Modelling_Group/
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Electricity:
e 150 MW of biomass CHP available for construction based on the REFIT scheme limits

e 30% co-firing available in all three peat stations as identified in the Government’s 2007 Energy White Paper by
20207

e Construction of the planned waste-to-energy power plants operating with 50% of their total capacity as
renewable

e Expansion of landfill gas (LFG) capacity and anaerobic digestion (AD) electricity generators
Heat:

e Domestic grant support schemes and obligations under part L of the 2008 Building Regulations incentivise the
rollout of technologies

e Commercial grant support schemes exist and incentivise technology deployment in these sectors
e Impact of CHP expansion on the heat sector

e The National Retrofit Scheme is rolled out in the period 2011-2020

Transport:

o Biofuel obligation to require 9% biofuel use (by energy) of total final road and rail transport consumption

Figure 48 Potential 2020 bio-energy resource requirement
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The BEAM modelling shows a total of almost 1,800 ktoe in 2020. As mentioned above, this represents an ambitious
goal in terms of using the potential bio-energy resource in Ireland.

All sectors contribute to this growth in bio-energy resource demand. The energy used in the domestic, industrial,
services and agricultural sectors is bio-energy used for heating. Bio-fuels used in road transport drive the growth
of bio-energy in transport through the use of first-generation biofuel. Electricity-generation resource demand is
derived from electricity generation amounting to almost 400 MW of installed capacity in 2020.
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shows the resources used in electricity generation. The impact of the commissioning of a waste-to-energy
plant and the co-firing of the peat electricity generation stations with biomass can be clearly seen. The small-scale
anaerobic digestion (AD) CHP plant and the small-scale biomass CHP plant also contribute; the impact of these is

72 http://www.dcenr.gov.ie/Energy/Energy+Planning+Division/Energy+White+Paper.htm
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also felt in the heat sector.

Figure 49 Electricity potential from biomass resources
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Heat across the sectors is produced from unprocessed biomass and refined wood products, in particular refined
wood products (such as wood pellets). shows the breakdown of the resources used for heating from the
model.

Figure 50 Breakdown of unprocessed biomass resources used for heating
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9.4 Next Steps

These results highlight the type of analysis that is possible using the BEAM model. SEAl intends to produce an in-
depth study using BEAM in the coming year, which describes BEAM in detail. This publication will also include a
scenario analysis of both existing and possible future bio-energy policy - including the outcomes of the Bio-Energy
Working Group.

BEAM will also be used to compare its outputs against the outputs of HERMES from this year’s forecast. As described
in this section, BEAM gives a representation of the heat sector in Ireland, including fossil-fuel technologies, and its
outputs can be compared on a sector by sector basis. It is hoped that this facility will form part of the core analysis
in next year’s National Energy Forecasts.
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Appendix 2 — Baseline Forecast Data Tables

Table 34 WEO 2009 Energy Price Projections

Fuel Price $,,,./Unit 2008 2010 2015 2020
Coal (tonne) $120 $107 $91 $104
Oil (Barrel) $98 $76 $87 $100
Gas (MBtu) $10 $9 $11 $12

Table 35 Total Primary Energy Requirement by Fuel 2008 — 2020 (Baseline)

Total Primary Energy Supply  Growth Average Annual Growth Fuel Shares
(ktoe) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016

Coal 1,214 1,397 1,256 35 0.3 2.0 -2.6 8 9 8
Qil 7,745 7,984 8,245 6.5 0.6 0.4 0.8 52 51 51
Gas 4,309 4,394 5,243 21.7 1.8 0.3 4.5 29 28 32%
Peat 856 723 507 -40.8 -4.7 -2.4 -8.5 6 5 3
Renewables 665 1,184 1,196 79.8 5.5 8.6 0.3 4 8 7
:E,llceeigricity Imports 6 08 208 0 A 2
Total 14,854 15,583 16,149 8.7 0.8 0.7 0.9

Table 36 Total Final Demand by Sector 1990 — 2020 (Baseline)

Total Final Demand Growth Average Annual Growth Sectoral Shares
Sector (ktoe) % Rate % %
2009 2016 2020 09-20 09-'20 09-'16 16-20 2009 2016 2020

Household 3,099 3,198 3,173 24 0.2 04 -0.2 25 25 24
Industry 2,215 2,182 2,305 4.1 0.4 -0.2 14 18 17 17
Services 1,586 1,786 1,841 16.1 14 1.7 0.8 13 14 14
Agriculture 272 367 382 40.8 32 44 1.0 2 3 3
Transport 5,075 5,245 5,490 8.2 0.7 0.5 1.1 41 41 42
Total 12,247 12,779 13,192 7.7 0.7 0.6 0.8

Table 37 Total Final Demand by Fuel 1990 — 2020 (Baseline)

Total Final Demand Growth Average Annual Growth Fuel Shares
(ktoe) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020

Coal 368 206 169 -54.2 -6.8 -8.0 -4.9 3 2 1
Oil 7,578 7,984 8,245 8.8 0.8 0.7 0.8 62 62 63
Gas 1,578 1,758 1,927 221 1.8 1.6 2.3 13 14 15
Peat 272 173 139 -49.0 -5.9 -6.2 -5.4 2 1 1
Renewables 290 335 335 15.8 13 2.1 0.0 2 3
Electricity 2,147 2,322 2,377 10.7 0.9 1.1 0.6 18 18 18
Total 12,247 12,778 13,192 7.7 0.7 0.6 0.8
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Table 38 Industry Final Energy Demand by Fuel 1990 — 2020 (Baseline)

Total Final Demand Growth Average Annual Growth Fuel Shares

(ktoe) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020
Coal 112 106 93 -17.1 7/ -0.8 313 5 5 4
Qil 703 732 818 16.3 14 0.6 2.8 32 34 35
Gas 531 523 562 6.0 0.5 -0.2 1.8 24 24 24
Renewable 140 140 140 0.0 0.0 0.0 0.0 6 6 6
Electricity 716 681 692 -3.3 -0.3 -0.7 0.4 32 31 30
Total 2,214 2,182 2,305 4.1 0.4 -0.2 1.4

Table 39 Residential Final Energy Demand by Fuel 1990 - 2020 (Baseline)

Total Final Demand Growth Average Annual Growth Fuel Shares
(ktoe) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020
Coal 257 100 76 -70.3 -10.5 -12.6 -6.6 8 3 2
Oil 1,209 1,442 1,457 20.5 1.7 26 0.3 39 45 46
Gas 625 723 741 18.7 1.6 2.1 0.6 20 23 23
Peat 272 173 139 -48.9 -5.9 -6.2 -5.4 9 5 4
Renewables 52 47 44 -15.3 -1.5 -1.5 -1.5 1
Electricity 685 712 716 44 0.4 0.5 0.1 22 22 23
Total 3,099 3,198 3,173 24 0.2 0.4 -0.2

Table 40 Services Final Energy Demand by Fuel 1990 — 2020 (Baseline)

Total Final Demand Growth Average Annual Growth Fuel Shares
(ktoe) % Rate % %
2009 2016 2020 09-'20 09-'20 09-'16 16-20 2009 2016 2020

Coal 0 0 0 0 0 0 0 0 0 0
oil 462 402 314 -31.9 -34 -1.9 -6.0 19 15 11
Gas 423 512 623 47.4 3.6 2.8 5.0 17 19 22
Renewables 19 17 16 -153 -1.5 -1.5 -1.5 1 1 1
Electricity 1,586 1,786 1,841 16.1 14 1.7 0.8 64 66 66
Total 2,490 2,718 2,795 123 1.1 1.3 0.7
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