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ANNEX 1

RENEWABLE ENERGY TECHNOLOGIES - DEFINITION

Different countries encompass a different range of renewable or ‘alternative’ energy technologies within their national development programmes often incorporating heat pumps, hydrogen and storage as energy efficiency instruments as well as ‘accepted’ renewables technologies in electricity production. 

There has been debate about whether ‘large hydro’, since it is a well-established competitive technology should be incorporated within the definition of renewable energy technology. Large hydro, for example, is included in the RES-E Directive for contribution to targets, however many Member States do not include large hydro in their renewable energy support programmes. For European countries a critical issue will be which technologies are accepted as within the definitions of future EU Directives as eligible: 

· to contribute to meeting national targets agreed within the context of Directives;

· for support under national or international programmes;

· for energy, certificate or emissions trading under international trading agreements.

The RES-E Directive defines renewables as follows:

· ‘renewable energy sources’ shall mean renewable non-fossil energy sources (wind, solar, geothermal, wave, tidal, hydro-power, biomass, landfill gas, sewage treatment plant gas and biogases);

· ‘biomass’ shall mean the bio-degradable fraction of products, waste and residues from agriculture ( including vegetal and animal substances), forestry and related industries, as well as the bio-degradable fraction of industrial and municipal waste;

· ‘electricity produced from renewable energy sources’ shall mean electricity produced from plants using only renewable energy sources, as well as the proportion of electricity produced from renewable energy sources in hybrid plants also using conventional energy sources, including renewable electricity used for filling storage systems, and excluding electricity produced as a result of storage systems.

This definition applies in this document which is primarily about support mechanisms and targets for RES-E production and to give further effect to the RES-E Directive. This does not, however, restrict development and deployment of other appropriate technologies where necessary in the Irish market. 

ANNEX 2

CURRENT AND 2005 PROJECTED CONTRIBUTION OF RENEWABLES 
The Green Paper on Sustainable Energy established a commitment to increase the installed renewable electricity generating capacity by an additional 500 MW in the period 2000 through 2005.  The following table shows the implications of meeting that 2005 target with the capacity commissioned in the AER V and VI Programmes, as well as the current and past contributions from renewables.  This table also acknowledges the contribution in other energy markets/s.

	 
	 
	1990
	2000
	2001
	2005

	Primary Energy Requirement (kTOE)

	Electricity
	 
	 
	 
	 
	 

	Hydro 
	 
	59
	73
	51

	72

	Wind
	 
	0
	21
	29
	159

	Biomass
	1
	26
	23
	76

	 
	Total
	60
	120
	103
	307

	Heat
	 
	 
	 
	 
	 

	Biomass 
	
	109
	140
	156
	156

	 
	Total
	109
	140
	156
	156

	Total RE
	 
	169
	260
	259
	416

	 
	 
	 
	 
	 
	 

	Total Energy
	9420
	13982
	14761
	15397

	% RE
	 
	1.79%
	1.86%
	1.75%
	3.01%

	Total Final Consumption (kTOE)

	Electricity
	 
	 
	 
	 
	 

	Hydro 
	 
	59
	73
	51
	72

	Wind
	 
	0
	21
	29
	159

	Biomass
	0
	8
	8
	26

	 
	Total
	59
	102
	88
	257

	Heat
	 
	 
	 
	 
	 

	Biomass 
	
	109
	140
	156
	156

	 
	Total
	109
	140
	156
	156

	Total RE
	 
	168
	242
	244
	413

	 
	 
	 
	 
	 
	 

	Total Electricity
	1224
	2028
	2118
	2416

	% RE
	 
	4.84%
	5.04%
	4.13%
	10.63%

	Total Heat
	4140
	4987
	5034
	5313

	% RE
	
	2.63%
	2.81%
	3.10%
	2.94 %

	Total Energy
	7388
	10915
	11461
	12500

	% RE
	 
	2.28%
	2.22%
	2.13%
	3.30%

	
	
	
	
	

	
	
	
	
	
	

	 
	 
	1990
	2000
	2001
	2005

	Electricity Production (GWh)
	
	
	
	

	Electricity
	 
	 
	 
	 
	 

	Hydro 
	 
	685
	849
	593
	839

	Wind
	 
	0
	244
	334
	1846

	Biomass
	4
	95
	91
	301

	 
	Total
	689
	1188
	1018
	2987

	Electricity Capacity Installed (MW)
	
	
	

	Electricity
	 
	 
	 
	 

	Hydro 
	 
	223
	236
	237
	240

	Wind
	 
	0
	120
	127
	602

	Biomass
	2
	15
	15
	38

	 
	Total
	225
	371
	379
	880

	 
	 
	 
	 
	 
	 

	Total Electricity Capacity
	3932
	4529
	4597
	5944

	% RE
	 
	5.72%
	8.19%
	8.24%
	14.80%

	Estimated Emissions Displaced Mtonnes CO2
	 
	 

	Electricity kg CO2/kWh
	0.936
	0.799
	0.807
	0.807

	Renewable Electricity
	 
	 
	 
	 

	Hydro 
	 
	0.54
	0.58
	0.41
	0.58

	Wind
	 
	0.00
	0.17
	0.23
	1.28

	Biomass
	0.00
	0.07
	0.06
	0.21

	 
	Total
	0.54
	0.82
	0.71
	2.07

	 
	Business as usual displaced
	 
	 
	 
	1.30

	 
	Over business as usual
	 
	 
	 
	0.77

	Renewable Heat
	 
	 
	 
	 

	Biomass
	
	0.36
	0.42
	0.47
	0.47

	Total Emissions displaced
	0.91
	1.24
	1.18
	2.55


Notes on output and capacity figures given:

· Unless otherwise noted, all figures are from the Energy and Oil Balance records maintained by the Department of Communications, Marine and Natural Resources (and predecessor Departments) and recently compiled by the Energy Policy Statistical Support Unit (EPSSU).  Some figures and presentation format are from prior published material prepared by the Sustainable Energy Research Group (SERG) of UCC.
· Projections for 

· RE electricity figures are based on meeting the Green Paper electricity capacity installed target of an additional 500 MW by 2005. Additional RE capacity figures are based on success rate assumptions from AER VI applied to the targeted, rather than the contracted, capacity additions: 50% for hydro, 85% for onshore wind, 100% for offshore wind, and 60% for biomass.
· Total energy TPER, and heat and transport total final consumption (TFC) from ESRI’s new model forecast (Draft Nov. 2002)  
· Projections for 2005 of electricity TFC from medium growth rates forecast in Generation Adequacy Report 03_09 pg. 47 applied to 2001 reported TFC prior to losses due to system balance and distribution (gross consumption basis), from Energy and Oil Balance records.
      Business as usual assumptions for 2005, is based on the “National Climate Change Strategy for Ireland” target of 1 M tonnes of additional CO2 savings above the business as usual case, defined as 31 MW new capacity per year from 2000 to 2010, from the use of renewable energy sourced electricity for the first Kyoto Protocol commitment period (2008-2012). The assumptions based on this target of 31 MW additional each year from 2000 to 2005 from actual 1999 capacity, are: hydro 237 MW, wind 282 MW, biomass 23 MW, representing an additional 30 MW wind and 1MW hydro each year.


Figures in bold represent existing targets including 500 MW capacity addition from 2000 to 2005 and 1M tonnes additional CO2 savings from RE electricity over business as usual (BAU) assumptions, which are defined in the Green Paper as 31 MW additional per year from 2000 to 2010, in the period 2008 to 2012. (National Climate Change Strategy pg. 35)

· Total primary energy requirement (TPER) is considered a less appropriate measure than total final consumption (TFC) when looking at the contribution of renewable electricity generation to total electricity generation because wind and hydro do not incur conversion losses whereas combustible generation, such as traditional fossil fuels, incur losses during conversion in the range 45% to 70%.  For this reason, the contribution of renewable energy sources to the TPER understates their contribution to total useful output.  TFC on a gross consumption basis will be the focus of both the RES-E Directive and future renewable electricity targets.


Total energy figures include energy used for electricity, heat and transport.

· Capacity installed figures are from:

· 1990 

· Hydro capacity based on energy output reported and capacity factor of 35% imputed from reported figures from 1997-2001.

· Wind capacity based on energy output reported and capacity factor of 35% assumed.

· Biomass capacity based on energy output reported and capacity factor of 30% and availability of 90% assumed.

· Total electricity capacity from Environment and Development in Ireland, (UCD 1992) pg.195

· 2000

· RE Capacity figures from Generation Adequacy Statement 01_07, pg. 8 and pg. 43

· Total electricity capacity from Strategy for Intensifying Wind Energy Development pg. 108, and electricity capacity records from EPSSU

· 2001

· RE Capacity figures from Generation Adequacy Report 03_09, pg. 43

· Total electricity capacity from Strategy for Intensifying Wind Energy Development pg. 108, and electricity capacity records from EPSSU

· Estimate of emissions displaced is based on average generation and does not consider reserve generation required for intermittent renewables.  CO2 savings from renewable electricity use are most appropriately reflected in net final consumption figures, after system losses for transmission, distribution and balancing.  Therefore all calculations of CO2 savings in this analysis have been made on a net consumption basis with losses being distributed on a proportional basis. Historical data for losses is used where available, and projected losses of 14%, based on historical averages, are used for 2005 and in Annex 6 and 7.

ANNEX 3

POTENTIAL RENEWABLE ENERGY RESOURCES IN IRELAND

Ireland is well endowed with renewable energy sources.  The tables below, compiled from a 1997 ESBI/ETSU study of the available renewable energy resource with updates from SEI published documents in 2002 and more recent estimates of medium term potential, shows the estimated amount of renewable energy resource available to address the electricity, heat and transport markets.  Table 1. shows the theoretical technical resource, or the total resource limited by our technical ability to extract energy using best available technology, and the practical resource, which is the technical resource limited by basic practical production or consumption limits.  Table 2. shows the estimated potential contribution from renewables in the near term, limited by the mechanics of implementation, system limitations and economic factors.  Updates of these estimates, as well as estimates of medium term potential, as shown in table two, are   the subject of an SEI commissioned study to be completed by December 2003.

1. Practical and Technical Total Resource and Cost of Electricity Generation

	Technology
	Practical Resource TWh
	Technical  Resource TWh
	Cost of Energy €c/kWh

	
	
	
	
	

	Wind
	Onshore
	6.7
	613.2
	4-6

	
	Offshore
	
	
	5-8

	Biomass
	Residues
	9.3
	68.7
	3-7

	
	Energy Crops
	20.0
	
	7?

	Solar
	Passive Solar
	1.0
	
	0-7

	
	Solar thermal
	0.8
	
	10-15

	
	Photovoltaics
	0.5
	2.4
	14-28

	Ocean
	Wave and tidal
	15.8
	78.8
	>7

	Small Hydro
	
	0.4
	
	5-10

	Tidal Stream
	
	?
	
	?

	Heat Pumps
	
	2.5
	
	3-7

	TOTAL
	
	57.0
	763
	


2. Estimated Medium Term Development Potential (TWh)

	 Technology
	 
	2010
	2020

	
	Power
	Heat
	Power
	Heat

	Wind
	Onshore
	5.00
	 
	6.15
	 

	 
	Offshore
	
	 
	
	 

	Biomass 
	Residues
	1.04
	3.89
	1.68
	6.32

	 
	Energy crops
	0.04
	0.06
	4.16
	6.66

	Solar
	Passive solar
	 
	0.50
	 
	1.00

	 
	Solar Thermal
	 
	0.40
	 
	0.80

	 
	Photovoltaic
	0.25
	 
	0.50
	 

	Ocean
	Wave and tidal 
	0.00
	 
	0.02
	 

	Hydro
	 
	0.88
	 
	0.93
	 

	Heat pumps
	 
	1.25
	 
	2.50

	TOTAL
	 
	7.21
	6.11
	13.44
	17.27


Notes on figures:

· All figures except wave in table 1. from Renewable Energy Research, Development & Demonstration Programme - Programme Strategy, SEI (June 2002)
 available at http://www.sei.ie/.  Note that the wind figure is based on a maximum penetration of 20% of system output and thus is an aggregate of 6.7 for on-shore and offshore wind energy, for demonstration purposes only.

· Table 1. wave energy practical resource per Marine Institute, SEI (Nov. 2002) Options for the Development of Wave Energy in Ireland, resource 6000 MW.  Conversion factor assumption of 30% from Lewis (2001), A Strategic Assessment of the Irish Wave Energy Resource.

· Estimates in table 2. are based on table 1. figures and superseding research, policy documents and judgements informed by current industry information

· Wind – The Impacts of Increased Levels of Wind Penetration on the Electricity Systems of the Republic of Ireland and Northern Ireland: Final Report, GarradHassan et al., (Feb 2003) pg64-65 states that at the distribution level (110kV) in the RoI only, the peak wind penetration without major grid system investment for 2010 is 2630 MW, and the minimum is 1140 MW, which corresponds to a range of 3.5 to 8.0 TWh at a 35% capacity factor (c.f.). Per the graph on pg. 79 of the report, capacity factors will decline as total wind energy capacity on the system grows, beginning at approximately 1000 MW. The 2010 estimated medium term potential capacity is the approximate midpoint between 3.5 and 8.0, 5.0 TWh, which is approximately 2000 MW installed operating at c.f. 30%. The 2020 likely resource estimate represents the wind energy penetration in 2010, as a percentage of forecast total final electricity, applied to the forecast 2020 total final electricity.

· Biomass – Breakdown of biomass resource detailed in the following table:
	
	Power
	Heat
	Total Power + Heat

	TWh
	Current
	2010 add'l
	 2020 add'l
	Current
	2010 add'l
	 2020 add'l
	Current
	2010 add'l
	 2020 add'l

	Residual fuels 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Landfill gas
	    0.12 
	    0.12 
	    0.08 
	 
	 
	 
	    0.12 
	    0.12 
	    0.08 

	Anaerobic digestion
	       -   
	    0.12 
	    0.16 
	       -   
	    0.12 
	    0.16 
	       -   
	    0.24 
	    0.32 

	Biomass CHP wood residue
	       -   
	    0.52 
	    0.16 
	       -   
	    0.83 
	    0.26 
	       -   
	    1.35 
	    0.42 

	Biomass CHP agric. residue
	       -   
	    0.16 
	    0.24 
	       -   
	    0.26 
	    0.38 
	       -   
	    0.42 
	    0.62 

	Biomass heat
	 
	 
	 
	    1.81 
	    0.88 
	    1.63 
	    1.81 
	    0.88 
	    1.63 

	Cumulative total
	    0.12 
	    1.04 
	    1.68 
	    1.81 
	    3.89 
	    6.32 
	    1.93 
	    4.93 
	    8.00 

	                       Energy crops   
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Biomass CHP energy crops
	       -   
	    0.04 
	    4.12 
	       -   
	    0.06 
	    6.59 
	       -   
	    0.10 
	  10.71 

	Cumulative total
	       -   
	    0.04 
	    4.16 
	       -   
	    0.06 
	    6.66 
	       -   
	    0.10 
	  10.82 


· Landfill gas figures from resource discussion with Irish Power Systems Ltd.

· Anaerobic digestion based on IrBEA submission to DPE, represents three 5MWe plants plus 10-15 small scale projects in 2010 and eight 5MWe plants by 2020 with 30-50 small scale plants.

·  CHP wood residue based on COFORD estimates (draft 2003) of future availability of residues at 3.6 PJ by 2005 and 9.5 PJ by 2015.  Available residues will be used directly in CHP plants and as pellets for heat only applications.

· CHP agricultural residue represents 20MWe in 2010 and 50MWe in 2020.

· Biomass heat based on estimated production of pellets and COFORD estimates of future availability of residues.

· Energy crops 2010 figure based on 10 oven dried tonnes per hectare (ODT/ha) production on 2600 ha yielding 18 GJ/tonne (30% electrical conversion efficiency).  2020 assumption is 5% of agricultural land (~210,000 ha) producing energy crops and improved yields to 15 ODT/ha.

· Conversion efficiency assumptions for CHP are 30%-33% electrical and 80%-86% overall.  Electricity only efficiency assumptions are 37%-38%.  Availability assumptions are 8000 hours per year in all cases.

· Solar Energy – No update from total practical resource has been made.  2010 figures represent 50% of practicable resource, 2020 figures represent 100%.

· Wave Energy – Figures represent a view of the likely levels of development in ocean wave energy given the current government support programmes in place internationally.  The 2010 figure represents a 1 MW device with a conversion factor of 30%.  The 2020 figure represents 6 MW.  The public consultation document Options for the Development of Wave Energy in Ireland, Marine Institute and SEI (Nov. 2002), recognises that significant resources will need to be directed at ocean energy research if the techno-economic solutions to the problems of harnessing ocean wave energy are to emerge.  The level of resource likely to be required is indicated in Options 1 and 2 detailed in the document.  Option 1 calls for €12 million in grant funding for R&D and demonstration projects, and a price support mechanism guarantying price levels of €60 to €120 per MWh.  Option 2 calls for €6 million in grant funding for R&D and demonstration projects, and a price support mechanism guarantying price levels of €200 to €280 per MWh.  Current resources available for ocean energy are not likely to create solutions that will enable significant exploitation of the resource in the medium term.

· Hydro – note that the practicable resource in Table 1. represents small hydro only.  Figures included in table 2. include the existing large hydro installations and an additional 0.18 TWh contribution from small hydro in 2010 and 0.3 TWh in 2020.
 ANNEX 4

CALCULATION OF ENERGY/CAPACITY/EMISSION/COSTS FOR 2010 TARGET OPTIONS

The RES-E Directive sets a 2010 target of 13.2% of electricity consumption to be generated from renewable energy sources. The National Climate Change Strategy for Ireland sets a target of 1 M tonnes of additional CO2 savings above the business as usual case, defined as 31 MW new capacity per year from 2000 to 2010, from the use of renewable energy sourced electricity for the first Kyoto Protocol commitment period (2008-2012).  This represents achievement of the 2005 Green Paper target.  These are currently the only published national commitments for renewable energy beyond 2005.  

Possible potential targets of 13.2%, 15% and 20% of contribution to total final consumption of electricity from renewable energy generation are investigated in Table 1. Below. 

Potential Electricity Targets

	Electricity
	2001

Actual 
	2010

	Potential targets electricity
	 
	13.20%
	15%
	20%

	Energy Requirements 
	 
	 
	 
	 

	Forecast TFC Electricity less transmission (ktoe)
	2118 
	2856
	2856
	2856

	Target RE contribution to TFC electricity (ktoe)
	88
	377
	428
	571

	Target RE contribution (GWh)
	1018
	4384
	4982
	6643

	Emission savings requirement (M tonnes CO2)
	 
	1.0
	1.0
	1.0

	Average generation mix
	 
	 
	 
	 

	CO2 emissions from electricity generation (Kg CO2/kWh)
	0.807
	0.807
	0.807
	0.807

	Total CO2 displacement  (M tonnes CO2)
	0.707
	3.044
	3.459
	4.612

	 CO2 displacement from BAU target (M tonnes CO2)
	 
	1.658
	1.658
	1.658

	Additional CO2 displacement above BAU
	 
	1.386
	1.801
	2.954

	Additional CO2 displacement above 2001 capacity
	
	2.337
	2.752
	3.905

	 Cost per ton CO2 saved (Euro/tonne CO2) Low estimate
	
	10.613
	10.851
	11.133

	 cost per ton CO2 saved (Euro/tonne CO2) High estimate
	
	17.767
	19.947
	23.364

	Natural gas
	 
	 
	 
	 

	CO2 emissions from electricity generation (Kg CO2/kWh)
	0.469
	0.469
	0.469
	0.469

	Total CO2 displacement  (M tonnes CO2)
	0.411
	1.768
	2.009
	2.678

	 CO2 displacement from BAU target (M tonnes CO2)
	 
	0.963
	0.963
	0.963

	Additional CO2 displacement above BAU
	 
	0.805
	1.046
	1.715

	Additional CO2 displacement above 2001 capacity
	
	1.357
	1.598
	2.268

	 Cost per ton CO2 saved (Euro/tonne CO2) Low estimate
	
	18.28
	18.69
	19.17

	 cost per ton CO2 saved (Euro/tonne CO2) High estimate
	
	30.60
	34.35
	40.23

	Electricity
	2001
	2010

	Potential targets electricity
	 
	13.20%
	15%
	20%

	Capacity options (MW installed)
	 
	
	
	 

	Hydro
	237
	251
	251
	251

	Onshore Wind
	127
	850
	911
	1141

	Offshore Wind 
	0
	125
	175
	400

	Biomass Residuals
	15
	64
	96
	130

	Biomass E-crops
	0
	0
	0
	0

	Wave and Tidal
	0
	1
	1
	1

	Solar PV
	0
	0
	0
	0

	Energy options output (GWh)
	 
	
	
	

	Hydro
	593
	881
	881
	881

	Onshore Wind
	334
	2608
	2794
	3498

	Offshore Wind 
	0
	383
	537
	1226

	Biomass Residuals
	91
	512
	768
	1034

	Biomass E-crops
	0
	0
	0
	0

	Wave and Tidal
	0
	2
	2
	3

	Solar PV
	0
	0
	0
	0

	Total output
	1018
	4386
	4982
	6642

	Total output as % of TFC
	4.13%
	13.21%
	15.00%
	20.00%

	Cost implications
	
	
	
	

	Capital cost required for additional capacity (million €)
	 
	1013
	1185
	1721

	Present value range of premium above BNE required (million €)
	 
	74 - 282
	137 - 449
	306 - 901

	Annual premium (million €) - Low estimate
	 
	            5.9 
	          11.0 
	          24.6 

	Annual premium (million €) - High estimate
	
	          22.6
	36.0
	          72.3

	Annual premium per domestic customer  €/year
	
	            3.3 
	            5.4 
	          11.0 

	Annual premium per commercial customer €/year
	 
	        275.8 
	        451.5 
	        927.5 


Table 1. Calculation of impacts of potential electricity targets for 2010

Notes on Table 1:

· Forecast TFC electricity 2010 is based on growth rates projected in the Generation Adequacy Report 2003_2009 through 2009 and growth rates projected by the ESRI in the Draft Nov 2002 New Model Forecast for periods beyond 2009, applied to 2001 reported TFC of energy used in electricity generation on a gross consumption basis.

· 2001 CO2 emissions from electricity generation for average generation mix are from EPSSU calculations based on the Energy Balance reports of the DCMNR.  All calculations for CO2 are on a net final consumption basis with losses, projected at 14% of gross consumption TFC, being distributed proportionally.  Natural gas CO2 displacement figures are given as CCGT, which is considered the generation that would otherwise be constructed if future RE generation is not built.  Natural gas emissions are based on EPSSU calculations with an assumed conversion efficiency of 53.4% and availability of 91.8%, per the Best New Entrant calculation for 2003.  2010 emissions are assumed to be equal to 2001 emissions, however it is likely that fuel mix changes and some efficiency gains will lower the actual emissions from fossil fuel sourced electricity generation by the year 2010.

· Business as usual assumptions for 2010, based on 31 MW additional each year from 2000 to 2010 from actual 1999 capacity, are: hydro 238 MW, wind 429 MW, biomass 30 MW.

· Capacity options are limited by the estimated medium term resource figures as listed in Annex 5.  Note that the 20% target is approaching the full estimated available renewable energy resource for 2010.  Additionally, in the case of wind energy, the limit is aggregate for both onshore and offshore, consequently the split is arbitrary for this estimate.  Capacity options output figures are based on the following assumed capacity factors:

· Hydro – 40% capacity factor

· Wind – 35% capacity factor

· Biomass –32% capacity factor  

(35% average conversion factor and 91% availability)

· Wave and tidal – 30% capacity factor

· Capital cost requirements are based on capacity additions from December 2002 capacity installed figures.  It is assumed that an additional 488 MW of renewable energy capacity is built by 2005.  Capital cost assumptions are based on current estimates of capital cost for AER VI projects for 2005 capacity additions, and assumed real cost reduction expected over the next 5 to 7 years. Capital cost ranges in €/kW assumed are as follows:

· Hydro – €1,620 - €1,800

· Onshore wind – €880 - €1,100

· Offshore wind – €1,217 - €1,690

· Biomass residues – €1,800 - €2,000

· Biomass energy crops – €2,700 - €3,000

· Wave and tidal – €4,500 - €5,000

· Cost premium range represents the net present value of the premium over the best new entrant price to support the targeted additional capacity between 2005 (assuming an additional 488 MW built from 2002 to 2005) and 2010 under a fixed price 15 year support programme.  In addition to the capacity factor and capital cost assumptions listed in the above bullet points, the following assumptions were used to calculate the premium:

· Hydro – O&M €52.5/KW/yr

· Onshore wind – O&M €49.5/KW/yr

· Offshore wind – O&M €63/KW/yr

· Biomass residues – O&M €114/KW/yr, Fuel cost €0.012/kWh

· Biomass energy crops – O&M €150/KW/yr, Fuel cost €0.02/kWh

· Wave and tidal – O&M €63/KW/yr

· BNE price €0.0447/kWh

· Calculation of annual premium per customer is based on the number of customers and proportion of usage by sectors used in the allocation of the Public Service Obligation for 2004.

                                                                                              ANNEX 5

CALCULATION OF ENERGY/CAPACITY/EMISSIONS/COSTS FOR 2020 TARGET OPTIONS

There are currently no published targets for harnessing renewable energy beyond 2010.  Potential targets of 15%, 20%, 25% and 30% of contribution to total final consumption of electricity from renewable energy generation are investigated in Table 1. below.  These are shown without prejudice to any developing protocols on connections or operations.
Potential Electricity Targets

	Electricity
	2001

Actual
	2020

	Potential targets electricity
	 
	15%
	20%
	25%
	30%

	Energy Requirements 
	 
	 
	 
	 
	 

	Forecast TFC Electricity less transmission (ktoe)
	2118 
	3516
	3516
	3516
	3516

	Target RE contribution to TFC electricity (ktoe)
	88
	527
	703
	879
	1055

	Target RE contribution (GWh)
	1018
	6132
	8176
	10220
	12264

	Emission savings  (M tonnes CO2)
	 
	 
	 
	 
	 

	Average generation mix
	 
	 
	 
	 
	 

	CO2 emissions from electricity generation (Kg CO2/kWh)
	0.807
	0.807
	0.807
	0.807
	0.807

	Total CO2 displacement  (M tonnes CO2)
	0.707
	4.257
	5.676
	7.096
	8.515

	 Cost per ton CO2 saved (Euro/tonne CO2) Low estimate
	
	12.49
	10.78
	11.71
	15.16

	 Cost per ton CO2 saved (Euro/tonne CO2) High estimate
	
	15.99
	18.27
	21.92
	28.06

	Natural gas
	 
	 
	 
	 
	 

	CO2 emissions from electricity generation (Kg CO2/kWh)
	0.469
	0.469
	0.469
	0.469
	0.469

	Total CO2 displacement  (M tonnes CO2)
	0.411
	2.472
	3.296
	4.120
	4.944

	 Cost per ton CO2 saved (Euro/tonne CO2) Low estimate
	
	21.50
	18.57
	20.16
	26.10

	 Cost per ton CO2 saved (Euro/tonne CO2) High estimate
	
	27.54
	31.46
	37.75
	48.31

	Capacity options (MW installed)
	 
	
	
	 
	 

	Hydro
	237
	254
	259
	262
	264

	Onshore Wind
	127
	1002
	1248
	1465
	1500

	Offshore Wind 
	0
	350
	385
	445
	500

	Biomass Residuals
	15
	127
	207
	236
	242

	Biomass E-crops
	0
	10
	75
	195
	409

	Wave and Tidal
	0
	2
	4
	6
	8

	Solar PV
	0
	1
	1
	1
	1


	Electricity
	2001
	2020

	Energy options output (GWh)
	 
	
	 
	 
	 

	Hydro
	593
	890
	908
	916
	925

	Onshore Wind
	334
	3073
	3827
	4492
	4599

	Offshore Wind 
	0
	1073
	1180
	1363
	1533

	Biomass Residuals
	91
	1010
	1652
	1883
	1932

	Biomass E-crops
	0
	80
	598
	1550
	3256

	Wave and Tidal
	0
	4
	9
	13
	18

	Solar PV
	0
	2
	2
	2
	2

	Total output
	1018
	6132
	8176
	10219
	12265

	Total output as % of TFC
	4.13%
	15.00%
	20.00%
	25.00%
	30.00%

	Cost implications
	 
	
	
	
	

	Capital cost required for additional capacity (million €)
	
	1575
	2172
	2823
	3523

	Present value range of premium above BNE required (million €)
	
	42 - 197
	157 - 620
	421 - 1234
	964 - 2219

	Annual premium (million €) - Low estimate
	
	3
	13
	34
	77

	Annual premium (million €) - High estimate
	
	16
	50
	99
	178

	Annual premium per domestic customer  €/year
	
	2.2
	7.0
	15.1
	29.2

	Annual premium per commercial customer €/year
	
	187
	593
	1270
	2456


Table 1. Calculations of impact of potential electricity targets for 2020

Notes on Table 1:

· Forecast TFC electricity 2020 is based on growth rates projected in the Generation Adequacy Report 2003_2009 through 2009 and growth rates projected by the ESRI in the Draft Nov 2002 New Model Forecast for periods beyond 2009, applied to 2001 reported TFC of energy used in electricity generation on a gross consumption basis.

· 2001 CO2 emissions from electricity generation for average generation mix are from EPSSU calculations based on the Energy Balance reports of the DCMNR.  All calculations for CO2 are on a net final consumption basis with losses, projected at 14% of gross consumption TFC, being distributed proportionally.  Natural gas CO2 displacement figures are given as CCGT, which is considered the generation that would otherwise be constructed if future RE generation is not built.  Natural gas emissions are based on EPSSU calculations with an assumed conversion efficiency of 53.4% and availability of 91.8%, per the Best New Entrant calculation for 2003.  2020 emissions are assumed to be equal to 2001 emissions, however it is likely that fuel mix changes and some efficiency gains will lower the actual emissions from fossil fuel sourced electricity generation by the year 2020.

· Business as usual assumptions for 2020, based on the National Climate Change Strategy for Ireland target of 1 M tonnes of additional CO2 savings above the business as usual case, defined as 31 MW additional each year from 2000 to 2010 from actual 1999 capacity, are: hydro 238 MW, wind 429 MW, biomass 30 MW.  No targets beyond 2010 are assumed in the business as usual case.

· Capacity options are ultimately limited by the estimated medium term resource figures as listed in Annex 5.  Note that in the case of wind energy, the limit is aggregate for both onshore and offshore, consequently the split is arbitrary for this estimate.  Capacity options output figures are based on the following assumed capacity factors:

· Hydro – 40% capacity factor

· Wind – 35% capacity factor

· Biomass –32% capacity factor  

(35% average conversion factor and 91% availability)

· Wave and tidal – 30% capacity factor

· Capital cost requirements are based on capacity additions from December 2002 capacity installed figures.  It is assumed that an additional 488 MW of renewable energy capacity is built by 2005, and the 15% target from Annex 6 is met for 2010.  Capital cost assumptions are based on current estimates of capital cost for AER VI projects for 2005 capacity additions, and assumed real cost reduction expected over the next 5 to 17 years.  Capital cost ranges in €/kW assumed are as follows:

· Hydro – €1,575 - €1,800

· Onshore wind – €754 - €1,100

· Offshore wind – €1,014 - €1,690

· Biomass residues – €1,500 - €2,000

· Biomass energy crops – €1,800 - €3,000

· Wave and tidal – €2,500 - €5,000

· Solar PV - €3606 - €7,212

· Cost premium range represents the net present value of the premium over the best new entrant price to support the targeted additional capacity between 2010 and 2020 under a fixed price 15 year support programme, assuming that the 15% for 2010 as detailed in Annex 6 was met.  In addition to the capacity factor and capital cost assumptions listed in the above bullet points, the following assumptions were used to calculate the premium:

· Hydro – O&M €48.8KW/yr

· Onshore wind – O&M €41.3/KW/yr

· Offshore wind – O&M €49KW/yr

· Biomass residues – O&M €108/KW/yr, Fuel cost €0.007/kWh

· Biomass energy crops – O&M €135/KW/yr, Fuel cost €0.02/kWh

· Wave and tidal – O&M €49/KW/yr 

· Solar PV – O&M €22.5/KW/yr

· BNE price €0.0423/kWh

Calculation of annual premium per customer is based on the number of customers and proportion of usage by sectors used in the allocation of the Public Service Obligation for 2004 
ANNEX 6

BARRIERS TO THE DEPLOYMENT OF RENEWABLE ENERGY

There are a significant number of barriers to the deployment of renewable energy sources arising from the immaturity of the technologies and differences between the established framework for conventional energy sources and that required to facilitate renewables. A number of critical factors have been discussed in Section 3 of this Consultation Document, however additional barriers exist and will have to be taken into account in considering policies and any future programmes to accelerate the deployment of renewables. 

Historically, the electricity infrastructure in Ireland has been principally designed and operated to facilitate the deployment of electricity from conventional energy sources. In parallel with market liberalisation, steps have been initiated over the last decade to adapt the legal, administrative and technical framework to accommodate renewable energy sources. Renewables are however unlikely to penetrate the liberalised market at the rate required to meet environmental objectives in Ireland in competition with established energy sources without further market stimulation where they operate from a higher cost base

It is necessary to address all of the identified barriers to accelerated deployment in the current framework in parallel since any individual barrier can obstruct development even if others have been addressed. A policy needs to be transparent, robust, administratively straightforward, cost effective, inspire confidence in the market, and be clear and coherent. Key issues that would need to be addressed for a future policy for renewables are outlined in the following paragraphs.

Research, Development and Demonstration

The process of maturation of renewable energy technologies, market and industry in Ireland requires the continued support of research, development and demonstration activities in order to understand and overcome barriers to achieving commercial viability. A programme of support will have to encompass a wide range of issues from assessments of the potential resource, technology assessment, development and demonstration where needed, feasibility studies, and investigation of the barriers and measures to mitigate them. 

Sustainable Energy Ireland published a “Renewable Energy R, D and D Programme Strategy” on behalf of the Government in July 2002 [24]. Under the National Development Plan, €16.25M has been allocated for funding of shared cost R&D, shared cost demonstration, public good research, and commissioned public good activities. The focus of the programme is on stimulating deployment of renewable energies that are close to market and to assess and develop technologies that have prospects for the future. The strategy is expected to be pursued and developed further as the need arises.

Information, Education and Training

Historic and continuing barriers to deployment of renewable energy sources include the lack of awareness of the potential and need for renewable energy and insufficient numbers of skilled professionals in certain areas. 

The public at large is for the most part unaware of the potential and need for renewable energy sourced electricity and has limited information on its characteristics. This can manifest itself as inadequately informed resistance to renewables projects in the planning process and lack of market pull for renewables.  One way of creating market pull is to stimulate the growth of community involvement in local projects. This could extend to full or partial ownership of local schemes attuned to meeting the energy needs of local communities. If deployment of renewables is to accelerate, then an enhanced public information programme will be necessary.

There are currently insufficient trained personnel in key sectors in the industry to support a deployment programme on the scale required to meet likely future targets, particularly in the newer technologies that will be required. Illustrating this is the number of international developers and consultants already present and operating in the Irish market. If deployment of future targets for renewables is to be achieved, professional education and training programmes will need to expand. A key question is whether the market alone would stimulate existing institutions to establish the necessary training programmes rapidly enough, or will further stimulation be necessary.

Planning Process

To date, obtaining the necessary planning permissions has not seriously constrained the volume of renewable based electricity generating projects available to be developed measured against national targets. Over 1,000 MW of projects with planning permission await development. However the medium term development of many more self- standing generating plants raises a number of issues. Would this number of widely distributed projects be publicly acceptable and be able to gain planning permission? Would it be necessary to include renewables specifically in all local authority development plans? The RES-E Directive places a number of requirements on member states in relation to authorisation procedures and to report on the feasibility of “fast track planning procedure for producers of electricity from renewable energy sources” [21]. However as stated above, in Ireland, the planning process is not a major impediment measured against national targets. Nevertheless a review of planning guidelines for wind farms is already underway.

Standards and Certification

A wide range of novel equipment, procedures and practices are being introduced as the use of renewables expands. For some technologies and markets, such as wind in the electricity market, standards and certification procedures are well advanced internationally and are being followed in Ireland. Despite this there are concerns about wind turbine control equipment specification supplied for connection to the grid. For other technologies, such as biomass and solar thermal, which have yet to penetrate the Irish market significantly, new standards and certification procedures specific for use in Ireland will need to be established. A review will be needed with the relevant industry players and a wider group of stakeholders in each area if appropriate standards are to be utilised and failures avoided.

Industrial Development Opportunities

The global and Irish markets for renewables equipment and services are expanding rapidly albeit from a small base. Ireland will need to consider whether it wishes to be purely responsive to this trend in which case there is a danger that a majority of the Irish market may well be serviced by imports. Alternatively a concerted effort could be made between responsible Irish players to establish initiatives in selected niches or sectors where Ireland could provide a significant volume of the requirements internally, and perhaps also play a modest role in the international markets. Necessary initial steps would include examining potential future Irish markets and industrial capabilities, and then providing a stable long-term framework in relevant areas, which would provide the confidence for Irish players to invest in the market. Given the head start overseas companies have in many technologies, co-operative and joint ventures may be a sensible route to follow.  

Interaction with Climate Change Mechanisms

Concurrent with the development of policy to support continued deployment of renewable energy, a number of policy options are being considered to assist Ireland and the Europe Union in meeting their international commitments to curb greenhouse gas emissions under the Kyoto Protocol. The consequence of some of the actions being proposed will have implications for the competitive position of, and thus the necessity of support for renewable energy. A key consideration in the development of renewable energy policy will be the interaction with:

· the proposed carbon tax [3];

· the anticipated introduction of emissions trading in response to the EU Directive on Emissions Trading which is to be effective from 2005 [13];

· the potential for part of Ireland’s commitments to be met via the Clean Development or Joint Implementation mechanisms.
ANNEX 7

Secondary Support Measures

Primary support mechanisms, the principle means of support previously discussed in this consultation, represent one means to support renewable Support schemes that are not related to price and production, such as upfront grant and investment tax credits can also be used in conjunction with price support mechanisms, in particular to support less mature technologies.  Additional support occurs through indirect measures such as taxes and command and control measures which raise the cost of competing fossil fuel electricity generation. A robust renewable policy should consider the impacts of indirect support mechanisms and integration between secondary and primary support schemes.

These measures are included here for the purpose of informing discussion in this area.

Carbon/Energy Tax and Exemptions

Indirect benefits accrue to renewable energy sources in a carbon tax programme where the tax is directly applied on the carbon content of fuels used in energy production.  Because renewable energy sources are carbon free or carbon neutral, renewable energy is by its nature tax free in a carbon tax regime.   A carbon tax thus improves the competitive position of renewable energy sources vis-à-vis fossil fuel generated energy.  

Consumption energy tax, where the tax is based on a comparable measurement of the energy content of fuels such as tonnes oil equivalent (TOE), may also be employed to encourage energy efficiency; however, such a tax does not reflect the carbon content of fuels and is thus not advantageous to renewable energy sources unless they are deemed exempt from the tax.

A consumption energy tax may lead to energy conservation and the substitution of energy with other factors of production.  Alternatively, a carbon tax is a means of internalising the externalities of pollution caused by the use of carbon intensive fossil fuels for heat and power generation and transport.  Taxing the carbon content of fuels will, in addition to encouraging fuel efficiency and factor substitution, lead to some fuel switching to less carbon intensive fuels.  The latter is more beneficial for emissions reduction and renewable energy. 

A carbon tax on its own is unlikely to be sufficient support to encourage renewable energy development.  The level at which carbon taxes would be high enough to make the least cost renewable electricity generation technology, onshore wind energy, competitive has been estimated, see below table, at approximately € 12.42 per tonne CO2, which would result in a 11% increase in the price of the Best New Entrant technology to € 0.0512, equal to the cap price offered for onshore wind energy in AER VI (see Table A below).  However, this amount would not be sufficient to support any of the other renewable energy technologies for electricity generation.  

Carbon/Energy consumption tax issues:

· The objective of energy and carbon taxes is pollution reduction through lower consumption, and in the current context, reducing CO2 emissions in order to meet the country’s Kyoto Protocol target.  The benefit to alternative energy is not the primary objective, but the tax can be designed to exempt renewables and  for example CHP so that it also acts as a support mechanism for these technologies.  

· While renewable energy production does not produce CO2, and thus should not be burdened with internalising pollution costs, not taxing renewable generation could dilute the incentive to conserve energy. Energy efficiency remains the most effective measure for tackling the environmental effects of energy use.  

· All measures that increase the cost of energy carry the risk of detrimental effects to industrial competitiveness and household affordability.   

· There are no mechanisms within an energy tax to support those renewable energy technologies that are not yet mature.  If the tax were set such that on-shore wind energy was competitively advantaged vis-à-vis fossil fuel powered electricity, the less developed and currently more expensive technologies will still be more expensive than fossil fuel power and wind power with the tax included in the price.

	 
	Current prices
	Cost of tax assuming carbon tax level euro/tonne CO2

	 
	 
	7.5
	10
	12.42
	15
	20
	25
	30

	Technology
	(euro/kWh)
	BNE wholesale price plus carbon tax (euro/kWh)
	 
	 

	BNE - CCGT Gas 
	0.047
	0.0501
	0.0512
	0.0522
	0.0532
	0.0553
	0.0574
	0.0595

	 
	 
	6.6%
	8.8%
	11.0%
	13.3%
	17.7%
	22.1%
	26.5%

	 
	 
	
	
	
	
	
	
	 

	AER VI Cap prices 
	 
	Price comparison to BNE plus tax (euro/kWh) [greater than BNE/(less than BNE)]

	Hydro
	         0.07018 
	         0.020 
	         0.019 
	         0.018 
	         0.017 
	         0.015 
	         0.013 
	          0.011 

	Onshore Wind Large
	         0.05216 
	         0.002 
	         0.001 
	               -   
	        (0.001)
	        (0.003)
	        (0.005)
	        (0.007)

	Onshore Wind Small
	         0.05742 
	         0.007 
	         0.006 
	         0.005 
	         0.004 
	         0.002 
	         0.000 
	        (0.002)

	Wind offshore
	         0.08400 
	         0.034 
	         0.033 
	         0.032 
	         0.031 
	         0.029 
	         0.027 
	          0.025 

	Biomass CHP
	         0.07000 
	         0.020 
	         0.019 
	         0.018 
	         0.017 
	         0.015 
	         0.013 
	          0.011 

	 Landfill Gas
	         0.06412 
	         0.014 
	         0.013 
	         0.012 
	         0.011 
	         0.009 
	         0.007 
	          0.005 

	 Anaerobic Digestion
	         0.07000 
	         0.020 
	         0.019 
	         0.018 
	         0.017 
	         0.015 
	         0.013 
	          0.011 


Table A. Carbon tax effect on renewable energy electricity
Notes on table 1:

· Carbon tax per kWh for gas is based on: 2001 TPER figures from the Energy Balance report by DCMNR, carbon content for gas of 14.98 tonnes carbon per terrajoule (TJ), and assumed conversion efficiency of 47.6% prior to transmission/distribution losses.

· BNE is per the CER published Best New Entrant 2003 - A Decision by the Commission for Energy Regulation (2002).

· AER VI cap prices are per the Sixth Alternative Energy Requirement – terms and conditions published by the DCMNR at www.dcmnr.ie
Emissions Trading

Emissions trading sets emissions targets for participants (usually large energy users), tradable emission credits are allocated up to that target, and participants are allowed to trade credits to facilitate the least cost path to achieve their targets.  At the end of a commitment period, typically a year, participants are required to submit emission credits equal to their actual emissions during the period and are charged a penalty for any shortfall.  When the energy production sector is included, an emissions trading scheme can stimulate further deployment of renewable energy by effectively increasing the cost of competing fossil fuel energy.  For example where a fossil fuel power generation installation is granted fewer emission credits than its historical physical emissions, it will have to invest in emissions reducing technology, switch to less greenhouse gas intensive fuel, reduce production, purchase emission credits from another installation, or pay the penalty.  In each case, the power generation installation will incur additional costs, which will ultimately be passed on in higher prices for the electricity produced and renewable energy power generation will benefit from an improved competitive position on price.  

Emissions trading issues:

· As with a carbon tax, the objective of emissions trading is emission reduction ultimately through lower primary energy consumption.  The improved competitive position of renewable energy projects would be a side effect of the introduction of carbon costs in fossil fuel operations,  

· Emissions trading does not directly support less mature renewable energy technologies and thus would not be appropriate as the sole means of supporting renewable energy.

Grants

Technologies in early development phases often require support through research,  development, and demonstration grants that provide funding for research directed at solving specific problems faced by a technology.  Research and development grants are often directed towards research institutions as they aim to bring the highest degree of applicable expertise to bear.  At the same time, commercial involvement is important as it brings financial discipline to a project.  Demonstration grant funding is also useful for supporting pilot and initial commercial deployment of a new technology, when capital is unlikely to made available because of the high level of risk involved because the technology has yet to prove operational viability.

Grants may also be made available to support the uptake of a new technology that has already been proven but needs support in establishing a market presence.  In such cases the grant may be made available directly to the purchaser of a technology rather than the technology provider, in order to incentivise demand.  

The involvement of government support through grant funding lowers risk for the commercial technology developers.  However, the outcome of the application process is typically uncertain, therefore it may be administratively costly and time consuming for developers who’s application may be turned down for justifiable reasons.

Grants are not necessarily market mechanisms as they do not involve a significant element of competition.  There is some competition in the selection process as project applicants compete against one another for funding and as such would have an incentive to offer the best value for money proposition.  However it is unlikely that such competition will be useful in giving price signals. Grant programmes are administratively complex and expensive for governments to operate.  Grants are paid on investment and thus do not require any green energy production, thus they do not necessarily result in any environmental benefit to society.

Tax Incentives

Tax incentives can be used to support renewable investments in much the same way that grants do.  Tax credits can be given on personal income tax or on corporate income tax.  Credits for investments in large-scale grid connected renewable technologies can be an effective means of stimulating equity investment in projects. Credits for small-scale investments in renewable energy appliance for domestic application can be an effective means of stimulating market demand.  

Tax incentives can also be applied on income generated from renewable investments as a means to attract capital to RE projects.  Such support would not result in a tax benefit in the year of investment as investment tax credits do, but would provide a benefit over the life of the investment, which could be quite useful where tax rates are high.

Another tax mechanism that can be used to stimulate investment is accelerated tax depreciation for expenditure on renewable energy equipment.  Accelerated depreciation means the cost of the equipment purchased is written off against the projects revenue in the first few years of ownership. 

Tax incentives can be less administratively costly than grants in that they do not require an initial allocation of funds or large infrastructural costs for administration.  Depending on the design of the legislation, the impact on state tax revenues with a tax credit can only be estimated and greater uptake than anticipated could lead to unexpected impacts to the exchequer. Tax benefits that are received on investment do not require any renewable  energy production, thus they do not necessarily result in any environmental benefit to society, unless there is a requirement to operate.
The benefit of tax based mechanisms requires a tax liability large enough to take advantage of the benefit offered.  In an environment where tax rates, either corporate or personal, are low, the investment tax credit becomes a less effective incentive for developers as they are less able to attract equity investment. Tax based mechanisms would require rigorous contractual evidence of agreements between developers and equity providers, in which case the administrative costs of using the mechanism will be high.

Low interest loans

Reduced interest loans as a policy mechanism provide funds to subsidize interest rates on loans available for funding Renewable Energy and Energy Efficiency projects. Such support has been successfully implemented in various European countries.  Governments can provide funds and administer a loan programme through an agency, or, as is the case in the Spanish programme, can provide the interest subsidy directly to a bank providing the loan.

As a means of facilitating capital funding to renewable energy projects, interest rate subsidies are a less expensive mechanism to government than either grants or tax incentives.  Where a bank administers the loan programme and collects a subsidy only from government, the administrative cost and complexity will be low; however rigorous criteria for eligibility are required.  Where government administers the loan scheme internally, the administrative costs and complexity can be high, initial capital outlay will be required, and government will hold default risk.

Developers/owners benefit from low cost financing and the development of credibility with lenders.  As the risk of damage to credit ratings by a default may effect not only the current project but future projects by a developer, this mechanism may not be appropriate for high risk technologies as the project must be able to generate sufficient cash flow to support debt repayments.

ANNEX 8

INTERNATIONAL POLICIES AND PROGRAMMES

This annex provides an overview of the principal mechanisms utilised by various other European countries to support renewable energy. The information mainly focuses on advanced feed-in tariffs, production credits, and obligation portfolios coupled with green certificate systems. Brief descriptions are given of the principles used to implement such tools as well as their possible interaction with other policy mechanisms. 

Table 1 gives a broad summary of the type of support by technology currently in place in various European countries. It should be noted that feed-in tariffs
 have been broadly adopted as a major tool to support renewable energy. 

	
	Generic
	Wind
	Hydro
	Biomass
	PV
	Geothermal
	Solar Thermal

	Austria
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff

	Belgium
	Feed-in tariff

Quota system
	
	Feed-in tariff
	Feed-in tariff 
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff

	Denmark
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff

	Finland
	Tax incentives
	Tax incentives
	Tax incentives
	Tax incentives
	Tax incentives
	Tax incentives
	Tax incentives

	France
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff

Investment Support
	Feed-in tariff
	Feed-in tariff

	Germany
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff

	Greece
	Feed-in tariff

Investment Support
	Feed-in tariff

Investment Support
	Feed-in tariff

Investment Support
	Feed-in tariff

Investment Support
	Feed-in tariff

Investment Support
	Feed-in tariff

Investment Support
	Feed-in tariff

Investment Support

	Ireland
	Investment support

Tax incentives
	Tax incentives

Bidding Scheme
	Tax incentives

Bidding Scheme
	Tax incentives

Bidding Scheme
	Tax incentives
	DNA
	Tax incentives

	Italy
	Quota System
	Quota System
	Quota System
	Quota System
	Quota System
	Quota System
	Quota System

	Luxembourg
	
	
	
	
	
	
	

	Netherlands*
	Tax incentives

Feed-in tariff
	Tax incentives

Feed-in tariff
	Tax support

Feed-in tariff
	Tax incentives

Feed-in tariff
	Tax incentives

Feed-in tariff
	Investment support

Feed-in tariff
	Tax incentives

Feed-in tariff

	Portugal
	Investment support

Feed-in tariff
	Investment support

Feed-in tariff
	Investment support

Feed-in tariff
	Investment support

Feed-in tariff
	Investment support

Feed-in tariff
	DNA
	Investment support

Feed-in tariff

	Spain
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff
	Feed-in tariff

	Sweden**
	Quota System
	Quota System
	Quota System
	Quota System
	Quota System
	Quota System
	Quota System

	United Kingdom
	Quota system Climate Change Levy (CCL)
	Quota system
	None
	Quota system

Investment Support
	Quota system

Investment Support
	DNA
	Quota system

	EU
	
	
	
	
	
	
	


* Feed-in tariff as from 1st April 2003** Quota system (purchase obligation) as from 1st May 2003

Table 1. Overview of support systems by technology. Ref: European Renewable Energies Federation.November 2002
Austria 

In July 2002 the Austrian Parliament adopted new legislation to comply with the RES-E Directive, the Ökostromgesetz/Green Electricity Act. This act came into effect on 1 January 2003 and implements a purchase-obligation (feed-in tariffs) for electricity from renewable energy sources (RES). In contrast to the former Electricity Act ElWOG (Official Journal BGBl I 2000/121) the new feed-in system is also applicable to small hydro (up to 10 MW).  Previously a system of green certificates for small hydropower plants was in place. The feed-in tariffs are set by the Minister of Economy, the Minister of Environment, and the Minister of Consumer Protection together with representatives of the provincial governments. The tariffs are expected to take production costs into account. The law requires 4% of the country’s electricity to come from eligible renewable energy sources (excluding hydropower) by 1 January 2008. The previous law allowed feed-in tariffs to vary from state to state. The eco-electricity ordinance sets the tariff for wind power at a flat rate of 7.8 cent/kWh which applies to all projects that have received their permits by 31 December 2004. This tariff is guaranteed for 13 years. Old wind turbines keep the tariff according to ELWOG from 1999. Innovative projects (e.g. wind projects in the alps) may also receive investment subsidies. 

(Tauernwind Windkraftanlagen GmbH: www.tauernwind.com)

​​​​​​​​​​​​​​​Belgium 

In July 2002 the Belgian government adopted a green certificate system which sets minimum prices for green certificates of €50/MWh for on-shore wind energy and €90/MWh for off-shore wind energy, €50/MWh for hydro, €20/MWh for biomass, and €150/MWh for solar.  This system was scheduled to come in to force July 1, 2003.  This system will replace an existing feed-in tariff.

In the Flanders region, a mandatory renewable energy portfolio is in place.  Electricity retailers must secure at least 1.2% of their supplies from renewable sources in 2003, climbing to 6% in 2010. Failing to meet the quota leads to penalties of €75/MWh, rising to €125/MWh in 2005.  . The real obstacle facing onshore wind energy in Flanders is rules  restricting the number of possible sites for new farms.

 A similar certificate-based renewable obligation is in place in Wallonia. In early 2003, while six companies were looking to buy certificates from only two that had certificates to sell, certificate prices averaged €63.33/MWh. The limited availability of on-shore sites is leading to further investigation of off-shore opportunities. However, there is an unwillingness to begin construction until the robustness of green certificate system has been tested. 

This year Belgium will see the liberalisation of the consumer market for green power. The current scarcity of Belgian green power was thought to be leading to Belgian citizens buying green power from utilities in The Netherlands, where consumer demand for green power was a primary driver of renewable investments. However, a recent decision by the Flemish government to only allow locally produced green power free transmission over the region’s low voltage grid will make Netherlands’ originated green imports uncompetitive. Additional secondary measures including grants for demonstration projects and tax incentives for investments in RE equipment are available.  (IEA Renewables Database (http://library.iea.org/renewables/index.asp) Windpower. Volume 19. No6. June 2003)

Denmark 

In Demark, renewable energy is supported by a number of different mechanisms. Feed-in tariffs are currently in place and they consist of three separate payments: 

· A fixed payment that varies with the category of renewable energy.

· A second payment granted as a general incentive to expand electricity from renewables. 

· The last part of the payment internalises part of the environmental external costs of fossil fuels, and it is made by a reimbursement of the energy/carbon tax. 

If electricity from biomass is fed into the grid, the utilities pay on the basis of avoided cost. Thus, the price depends on the specific time at which the electricity is supplied. The average payment is approximately 0.32 DKK/kWh (4.3 €c/kWh). Added to this is the aforementioned exemption from energy tax (in the form of reimbursement) of 0.10 DKK/kWh (1.3 €c/kWh) and the support for RES of 0.17 DKK/kWh (2.3 €c/kWh). The total average price is approximately 0.54 DKK/kWh (7.2 €c/kWh). The price for electricity from land-based wind power systems paid by the electricity utility for the first 12,000 full load hours depends on the area, and varies between 0.25-0.39 DKK/kWh (3.4 -5.3 €c/kWh). An electricity production subsidy is also granted for wind power (0.27 DKK/kWh (3.6 €c/kWh)). Thus the total feed-in tariffs ranges between 0.52-0.66 DKK/kWh (7.07-8.90 €c/kWh). The annual average throughout Denmark is roughly 0.60 DKK/kWh (8.16 €c/kWh) (“Renewable Energy in Denmark”, Danish Energy Agency http://www.agores.org, www.windpower.org).

Denmark will be gradually introducing a Green market for renewable energy electricity. Compulsory annual quotas of green certificate purchases will be imposed for all consumers, who will be obliged to pay a penalty if the annual quota is not fulfilled. The obligation for consumers to purchase green certificates is intended to stimulate demand for renewable energy production, and thus create the economic basis for the necessary investments. The market price for certificates is to be fixed between 0.10 DKK/kWh (1.33 €c/kWh) to 0.27 DKK/kWh (3.6 €c/kWh).  To the extent that consumers do not fulfil their purchase commitments for RE certificates, they will have to pay the sum of 0.27 DKK (3.6 €c) for each kWh for which they have not purchased RE-certificates. Revenue from this measure is to be placed in a RE-fund, the purpose of which is to buy RE-certificates from producers at a minimum price of 0.10 DKK (1.33 €c/kWh). Certification of green electricity was originally meant to cover electricity produced by wind turbines, different types of biomass, photovoltaic and hydropower plants of less than 10 MW, yet the coming period of discussions might change the priorities for the technologies covered by a green certificate market. New plants, which are constructed before the end of 2002, will obtain a fixed feed-in tariff for a ten-year period plus certificates. After ten years the remuneration is the market price of electricity plus certificates. In time all new RES-plants will receive the market price for electricity plus certificates. (“Renewable Energy in Denmark”, Danish Energy Agency http://www.agores.org)

Finland 

An annual budget is earmarked to cover all types of renewables in Finland. About 10% of this budget has been directed towards wind power. The present investment aid for wind energy is around 33% of the capital cost, subject to the Ministry’s evaluation, on a case-by-case basis. There is also a tax reduction of 0.7 €c/kWh. These two support instruments provide an equivalent income of about 2.05 €c/kWh. As  wind energy has access to the Nordpool spot market price, averaging 2.3 €c/kWh, the total income equivalent rises to 4.35 €cents/kWh. This appears to leaves little profit margin and is not proving attractive to wind power project investors (“Missing Targets”, European Renewable Energies Federation (EREF), November 2002).
France

The French renewable energy support mechanism is mainly based on an advanced feed-in tariff system. Under this system and until 2003 the wind energy tariff was 8.38€c/kWh for the first five years of operation. Over the subsequent five years the tariff varies according to the productivity of the site, between 3.05 €c/kWh for a wind plant that produces an average of more than 3,600 kWh/kW during the initial period, and up to 8.38 €c/kWh for a production of 2,000 kWh/kW. On January 1, 2003,  the government cut the tariff for the initial 5 years by 3.3%. The aim of the variable tariff is to favour the development of less windy sites, effectively subsidising projects that take into account environmental factors and ease of connection to the grid. This system applies only to the first 1,500 MW of capacity installed in the country. Once that target is reached the tariff will drop by about 10%. Feed-in tariffs are applicable for all renewables up to 12 MW per site (Windpower. Volume 19. No2. February 2003).  Plants above 12 MW must operate under market conditions and do have access to the largest electricity customers. Call for tenders are considered in the law of 2000, but none has yet been made since details for application have not yet been decided  (EREF November 2002).
Germany
 The principal mechanism to support renewable energy in Germany is the Erneuerbare Energien Gesetz (EEG), an advanced feed-in tariff placing an obligation on all utilities to buy RES-E at a premium price. This law succeeded a previous fixed feed-in tariff and came in to force  in April 2002.  The new law applies to power generated wholly from any wind, solar or geothermal source; from hydro, landfill, sewage or mine gas plant of 5 MW or below; and from biomass sources up to 20 MW. Under the EEG, feed-in tariffs move away from a system where the tariff level is fixed and associated with the average electricity tariff, towards a price based on actual generation cost of the various renewable energy technologies.  The tariff is payable for 20 years.  The prices available under this legislation will decrease  each year. 

The legislation sets a payment for wind power plants at a fixed price of 9.0 €c/kWh during the first five years of operation. Thereafter, the rate is reduced, depending on the quality of the site. At the best coastal sites, for example, the price falls to 6.1 €c/kWh after the first five years of operation. This would result in an average payment of 6.8 €c/kWh over the expected plant life-time of 20 years. Wind turbines in mainland Germany would receive a higher payment because of the lower wind speeds. At the quoted reference site the wind turbine owner receives an average tariff of 8.4 €c/kWh over 20 years, almost the same level paid in 1999 under the old Electricity Feed Law (EFL). Only a very low-wind site of less than 5.5 m/sec would receive the higher feed-in tariffs for the entire 20 years (e.g9.0€c/kWh on a 20-year-average). Off-shore wind, due to its novelty and higher investment costs, can expect a higher rate of 9 €c/kWh for the first nine years of operation, provided the wind farms are installed by the end of 2006. As technological progress and cost reduction can be expected in the future, off-shore projects finalised after 2006 will receive lower feed in tariffs estimated to average 6.8 €c/kWh over a period of 20 years. (from: http://www.biomasse-info.net). 

Solar PV (photovoltaic) systems will now receive 50 €c/kWh, with a decrease of 5% for new installations starting in 2002 which reflects the expected cost reduction potential of a technology. A new scheme will be put in place as soon as an installed PV capacity of 350 MW has been reached. The proposed feed-in tariffs for small hydro, landfill gas, mine gas or sewage gas varies from 6.5 €c/kWh for existing plant, up to 7.5 €c/kWh for small installations below 500 kW. For biomass, the tariff ranges from 8.55 €c/kWh for the larger units between 5 - 20 MW, to9 €c/kWh for smaller units, and to 10 €c/kWh for the smallest installations up to 500 kW. Electricity from geothermal energy would receive from 7 €c/kWh up to 8.8 €c/kWh. Every two years the Ministries of Economy, Environment and Agriculture have to produce a report for the parliament, which evaluates the law. A revision of the feed-in system can be suggested, depending on the degree of market penetration and cost. The amount of energy from renewables is equally distributed to all electricity suppliers, depending on their total amount of electricity sold to consumers (flexible quota). Although the transmission system operator initially pays the renewable energy plants, the electricity suppliers reimburse the transmission system operators and ultimately charge their customers for the premium electricity price paid. The system is therefore in tune with a liberalised energy market with a potentially large number of private electricity suppliers (from: http://www.biomasse-info.net). 

Greece

Greece utilizes an investment subsidy scheme which offers grants for up to 35% of project investment costs depending on the RES technology.   Grants of up to 75% are also available for the residential and service sector use of solar heating systems.  Under the Third Community Support Framework, there are financial resources currently available through grant subsidies to support  about 600-800 MW of RES investments in the 2000-2006 period. This represents less than one third of the approximately 2,500 new MW of RES capacity that needs to be installed in Greece before 2010 in order to achieve the national indicative target published in the RES-E Directive (20.1% of RES electricity). Greece also offers a feed-in tariff for the first 10 years of operation of renewable energy electricity generation.  The tariff is linked to the domestic electricity tariff and capacity charge and averages €c 6.2/kWh for projects connected to an interconnected part of the transmission system and €c 7.3/kWh for projects on islands that are not interconnected.  Greek law also requires the TSO to give priority dispatch to renewable generators under 50 MW (under 10 MW for hydro).  (IEA Renewable Policy Database, EREF. November 2002).
Italy

 In early 2002 Italy’s previous feed-in tariff support system was replaced with a standard green portfolio requiring electricity producers and importers to meet 2% of electricity supplied by renewable energy. A system of Green Certificates will facilitate this support scheme. Green certificates are issued for 8 years and have the same value regardless of the technology source. The energy purchased by the grid operator through the pre-existing feed-in tariff also attracts green certificates.  The grid operator sells these certificates at a predetermined price to balance the gap between supply and demand. The value of the grid operator’s green certificates are fixed yearly and are based on an evaluation of the average incentive given to those plants still receiving the feed-in tariff. For 2002 the value was fixed at 8.42 €c/kWh. Currently the grid operator’s green certificates represent approximately 75% of the total supply of green certificates in the Italian market. Some penalties are proposed for non-compliance, but this proposal has not yet been approved in a law. In addition, a 75% grant support system has been issued to promote PV, along with a net metering arrangement with the grid. Major PV plants will also benefit from Green Certificates, as well as a reduced VAT rate for equipment purchase.  In addition a demonstration grant scheme was established in 2001 for research in to solar thermal power generation. (EREF, November 2002, www.PSGlaw.com).
Netherlands
The Netherlands’s have adopted the Environmental Electricity Production incentive, the MEP, to replace its “market pull” subsidy as the primary support for renewable energy generated electricity. The MEP provides feed-in tariffs to generators of RE fed on to the national grid. The payment is in addition to the price at which the physical output is sold in the electricity market. Prices are technology specific and range from: 4.8 €c/kWh for biomass, 4.9 €c/kWh for onshore wind, to 6.8 €c/kWh for off shore wind. There is some minimal support for CHP under the MEP as well as the possibility of supporting clean coal technologies in the future. The tariffs will be guaranteed for ten years for new generating plants, and for ten years less their age at the date the tariff begins for existing installations built after 1996.Some technologies such as onshore wind have a full load operating limitation on the tariff which for onshore wind is a maximum of 18000 full load hours. The MEP will be financed by a general levy of € 34 per year on all connections to the electricity grid system. The level of the ecotax (REB, regulatory energy tax) and the exemption for green electricity has been adjusted so that purchasers of green electricity are compensated for the premium price of green through the partial exemption to the ecotax.. The REB is a general energy tax levied on consumers of gas and electricity and amounts to €c 6.39/kWh electricity. It is segregated into categories from small to large users. In the past a larger exemption for green was available and the requirement for proof of compliance was the submission of renewable electricity certificates (RECS) which could be purchased separately from the physical power.  As RECS from outside of the Netherlands comply, most of the demand for RECS was supplied by existing renewable energy plants from other countries and thus the subsidy did not result in any new generation construction in the Netherlands. In the interest of correcting this issue, the government has lowered the exemption for green to €c 2.9/kWh for the coming years which is only half what green electricity attracted in the past. In addition, RECS imported from outside the Netherlands must be matched with physical power imports. Certificates will be used for both the ecotax and the MEP regulation. Although the tax exemption will be halved, most suppliers have stated that they will not increase their green electricity prices for the next year. This is expected to result in more people switching to green electricity, enlarging the demand for green electricity that is already bigger than the national green production (EREF. November 2002). There are also investment incentives schemes in place at the enterprise and residential level 
Portugal 

The main instruments to promote renewable energy in Portugal are an investment-related support programme and a feed-in system. For the period 2000 to 2006 the Operational Programme for Economic Activities (POE) provides investment aids for renewables up to 40% of eligible costs. The financial support consists of direct subsidies up to  a maximum of € 300000 per project with a balance of 12 years lending. The feed-in tariffs currently in place is calculated as the sum of three parts related to: 

· The avoided investment cost on new power plants 

· The avoided cost of the fuel, transport, operation and maintenance 

· The environmental benefits from the use of endogenous energy resources (based on the unit valuation of the avoided CO2 emissions of a reference plant: 370 g CO2/kWh and € 75/ton)

The Portuguese feed-in tariffs are relatively high. On shore wind for example receives €c 8.2/kWh for the first 2000 hours of operation decreasing incrementally thereafter.  . (IEA Renewable Policy Database, “Missing Targets”. European Renewable Energies Federation. November 2002).
Spain

Spain has chosen a feed-in system as the main support mechanism for RES-E. The system was introduced along with the Special Regimen, which came into force in 1998 (Royal Decree 2818/1998, http://www.cne.es). All generating plants below 50 MW belonging to three clearly separated areas: cogeneration, RES-E, and waste are given a special treatment justified by their contribution to “environmental protection, energy efficiency improvement and the reduced energy consumption”. Electricity generated from RES-E facilities of installed capacity below 50 MW can opt for one of two mechanisms (IDAE April 2002): 

· Fixed Prices according to categories. In 2002 such prices were set up at 6.38 €cent/kWh for wind, 6.17 €c/kWh for primary biomass and 5.96 €c/kWh for secondary biomass

· Premium System: RES-E producers are entitled to incorporate all their output power into the grid system and to receive a payment reflecting the electricity market price and premium given by the equation. ):

P= Pm + PR+/- ER

where

PM=final average price in the Electricity Production Market 

PR=premium granted renewable energy category (set up at 2.89 €c for wind, 2.78 €c for primary biomass and 2.57 €c for secondary biomass in 2002)

ER= component reflecting power factor 

The total amount paid to RES-E generators must be between 80% and 90% of the average electricity price estimated each year by the Government. That average is calculated by dividing the total electricity supply revenues estimated from the whole electricity supply billing by the total estimated power supplied. The fixed tariff option offers RES-E generators certainty about their revenues per kWh regardless of hourly market prices changes. The “market price+premium” option offers more risk, but has proven to be better in terms of yearly revenues, although the difference between the options is small. Most RES-E producers select the premium option. Legally they are only entitled to change options once a year. The premiums shall be revised every four years by taking into account the evolution of the price of electric power, the participation of these facilities in the coverage of demand and their impact on the technical management of the system. (EREF, November 2002). 
The existence of the Premium system and the annual adjustment of both the premium and the fixed price tariff according to the variations in the average electricity sale price stress the market oriented approach of the Spanish support system. The framework has been able to deliver good results at an affordable cost: RES-E generators within the premium system received premiums last year that totalled 335 M€, which represents only 2.4% of the total electricity supply revenues. The current Spanish support system has demonstrated its efficiency in delivering good results in those RES-E technologies with appropriately priced premiums, such as wind energy, but it has not been capable of overcoming other barriers. (Windpower monthly news magazine. Volume 19. No2. February 2003).

Although biomass is one of the cornerstones of the RES Development Plan, only 19.5 MW have been installed over the last two years. Biomass development is currently at a complete standstill because the current premium level is not high enough to attract new projects. To reverse this situation it has been proposed to increase biomass premiums to around 1.8 €c/kWh in order to foster new investments, guarantee their profitability and deliver on the 2011 target. (3,098 MW) (EREF. November 2002).
Spain also has in place a reduced interest loan scheme. This type of policy mechanism makes funds available to subsidize interest rates on loans to fund renewable energy and energy efficiency projects. Such support has been also successfully implemented in other European Countries. The Spanish Institute for the Diversification and Energy Saving (IDAE) in conjunction with the Official Institute of Credit (ICO) have managed the “IDAE-ICO finance line” for three consecutive years. The scheme, which has a €13.22 million budget, is directed at low-risk projects which have been initially approved for funding by financial institutions.  Formal loan applications are evaluated by IDAE on eligible criteria. The assessment process is followed by the allocation points according to previously established renewable energy and energy efficiency categories. Projects may qualify for interest rate discounts from 1% to a maximum of 5% based on the number of points allocated. IDAE funds the interest rate discounts only and transfers the money to the bank annually. The bank then interacts with the applicants on agreed financial terms. Banks will finance investments up to 70% of the total capital cost. The maximum loan allowed is  €6.3 million. 

The applicable interest rate on the loan will be calculated by subtracting a project’s allocated points from the relevant interest rate. As an example, under the 2000 scheme, and basing calculations on an assumed bank lending rate of EURIBOR plus 1% and EURIBOR at of 5.70%, applicable subsidized interest rates were as follows:

	ALLOCATION OF POINTS

(According category)
	SUBSIDISED INTEREST RATES

(EURIBOR (%)+1) – points)

	1
	5.7%

	3
	3.7%

	5
	1.7%


Table 2. Final Interest rates as a function of points. Ref: IDAE 

The specific design of the programme facilitates its relatively simple management. Procedures involved are considerably less time consuming as opposed to traditional methods for administering renewable energy and energy efficiency grants. Other advantages include the more direct allocation of funds and reduced financial risk for the developer. 

The chart below provides details on the projects granted and the amount of funds allocated under the 2000 “IDEA-ICO finance line”.
	TECHNOLOGY
	NUMBER OF PROJECTS
	INVESTMENT COSTS (M€)
	AIDS PROVIDED (M€)

	Biomass
	5
	67.530
	6.0101

	Small Hydro
	8
	4.117
	0.4261

	Waste
	2
	17.784
	1.6828

	Biogas
	1
	0.709
	0.0331

	Photovoltaic
	1
	0.006
	0.0006

	Energy Efficiency
	19
	49.632
	1.7946

	CHP
	1
	1.052
	0.0367

	Total 
	37
	140.829
	9.9840


Table3. Funds granted by areas of technology. Ref: IDAE

Sweden

From the middle of 2003, Sweden plans to implement an obligation system  to support increased electricity production from renewable sources by 10 TWh from 2003 to 2010. The scheme will include electricity generated from wind, solar power, geothermal energy, certain types of biofuels, wave energy, and small hydro plants (less than 1500 kW). The proposed system will obligate electricity consumers to buy 6.4% of their electricity from renewable sources in 2003, rising to 15.3% by 2010. This will represent a shift in responsibility for the development of renewable energy in Sweden from the government to the consumer (Platt’s Global Energy, 2002 http://www.platts.com). This price is expected to be sufficient to attract new biomass projects. However, prices may be too low to attract wind power and small hydro investment. There is a designated maximum penalty of 2.2 eurocent/kWh (EREF. November 2002). This system is intended to replace an existing feed in tariff premium that had been available for electricity from biomass and wind power of €c 0.015/kWh in addition to the market electricity price.
Sweden uses a host of other measures to support renewable energy implementation including:

· Exemptions from the energy tax, the CO2 tax and the sulphur tax for energy from biomass

· A budget of €783 million in funding for local government investments in renewable energy projects 

· A budget of €93 million per year for R&D funding of renewable energy projects,

· Investment support grants of up to 15% for wind and small hydro, and up to 25% for biomass CHP plants.

· Individual income tax relief for investments in renewable energy projects or co-operative schemes of up to 15% of investment.  In addition, dividends for co-operatives are tax free.

· Exemption from the energy tax for electricity from wind amounting to €c 0.20/kWh.

United Kingdom

The key component of the UK policy for renewable energy is the Renewables Obligation, implemented in April 2002. The Renewables Obligation requires electricity companies to source an increasing proportion of their supply from renewable generation. Targets increase incrementally from 5% at the end of 2003 to 10% by 2010). The Obligation will remain until 2027. Suppliers must produce Renewable Obligation Certificates (ROCs) to demonstrate compliance with the obligation.  ROCS can be purchased independently of physical power.  ROCS will be awarded only for renewable electricity produced within the UK. A ‘buy-out’ price is set for non-compliance, initially at £30/MWh (approx. 48 €/MWh), and will be adjusted annually in line with the retail price index. Money raised from companies ‘buying out’ of their obligation will be redistributed to companies that have met their Obligation, in proportion to the number of ROCs they presented in that year. This acts to drive the price above the buy out (Windpower. Volume 19. No2. February 2003). Prices observed from the auctioning of former NFFO renewable electricity generated ROCS have been in the region of £46/MWh, more than 50% above the penalty. With the present acute shortage of renewable energy, power retailers are competing fiercely for the limited number of ROCs available, pushing up the earnings on green power. 

The second key policy instrument implemented in the UK energy market is the Climate Change Levy (CCL). The CCL came into effect in April 2001. The CCL is a tax on energy use by the business and public sectors which aims to increase energy efficiency in these sectors. Renewable energy generators who meet certain tax conditions for exemption to the CCL are issued a Levy Exemption Certificate (LECs) for each MWh of generation. The LECs were initially  linked to the physical supply of renewable electricity, however they can now be traded independently.  LECS can be used by business consumers to claim exemption from the CCL. As the Renewables Obligation and the CCL exemption granted to renewables do not distinguish between renewable energy technologies, it is likely that any additional penetration of renewables will be concentrated on the lower-cost renewables. The Government has recognised that a significant proportion of the 10% target will need to be achieved through longer-term technologies, such as PV, offshore wind and energy crops/biomass. Therefore they defined additional support for these technologies through capital grants for higher risk renewable projects. 

The former key support scheme in the UK was the Non-fossil fuel obligation (NFFO), a competitive tender system that was in place until 1999. The NFFO contracts are still honoured, thus generators are still paid the premium price per kWh bid in the initial NFFO competition. Under the previous arrangements, the Non-Fossil Purchasing Agency (NFPA) reimbursed the difference between the premium price and the pool selling price to the regional electricity companies. This mark-up was paid for by electricity consumers through the so-called Fossil Fuel Levy on electricity. Under the Renewable Obligation, output from NFFO projects attract ROCs. The NFPA pays the NFFO generators, at the original bid price, directly from the proceeds of auctions of the ROCs created from the NFFO projects.  Excess proceeds will be used for supporting less mature technologies through capital grants (EREF. November 2002).
ANNEX 9

Options for and Costs of Initial Direct Financial Support Mechanisms

Four specific types of direct financial support options have been identified for consideration in the consultation process, including:

· Feed-in tariff 

· Competitive tender

· Production credit

· Renewable obligation with tradable renewable credits

Section 4 of the report reviews the options and discusses the implications of using each and Annex 8 gives examples of how they have been or will be applied in other European markets.  Annexes 4 and 5 give estimates of the premium to achieve a number of proposed targets.  The premium, which will eventually be paid by electricity consumers, may differ depending on which mechanism is used.  

The calculation of the premium in Annexes 4 and 5 assumes, for the purpose of estimation only, that a fixed feed in tariff system is used and the comparison to the best new entrant price measures the premium required.  While the premium could differ under another mechanism, a quantification of the possible difference is not currently possible.  There is a high degree of uncertainty around future electricity pricing, renewable capacity, and the future value of existing renewable capacity.  Further studies in these areas will help to inform a cost comparison amongst measures.  

The following examples are useful in comparing the operation of each mechanism and illustrating the potential issues to be considered by developers and investors. In each case the scenario is viewed from the perspective of a 25 MW on-shore wind farm requiring a price of €50.5/ MWh, based on annual production of 3400 MWh per MW installed, to achieve the investors required rate of return.  It is important to note that the assumptions made in each example of pricing available do not attempt to create a direct comparison of the financial outcome under each mechanism.  Rather the exercise is meant to illustrate the operation and potential decisions faced by a project under each.

Feed-in tariff

Fixed feed-in:

A price for wind energy is established at €55/ MWh for 10 years.  The tariff price will have to be set based on the policy target and expected contribution from wind, and the price required by the last windfarm needed to meet the target.  For example, if a target requires 700 MW from wind energy, and the least cost 700 MW that can be built at a range of prices from €48/MWh to €55/MWh, the tariff must be set at the high end of that range.

The full price is available to the example wind farm as it is commissioned.  The obligation to purchase the power at the fixed price could be placed with ESB PES and the premium can be paid through a public service obligation (PSO) as is currently done with the AER.  Alternatively, the obligation can be placed on the TSO to arrange some means of allocating the cost proportionally to all participants in the supply market.  The example wind farm in this case receives €4.5 more than it requires for each MWh produced.


Annual Revenue per MW Years 1 to 10

Revenue years 1 to 10 
€55/MWh x 3400MWh/year = €187,000/year

Fixed return (French system):

An initial price for wind energy is established at €55/Wh, and a target internal rate of return of 12% over ten years is set.  Given standard cost information in the example market, a 12% return equates to annual production of 3000 MWh per MW installed.   This becomes the reference case.  After 5 years of operation, the tariff is adjusted based on actual operating hours recorded over the five years by each windfarm as compared to the reference case.  The obligation to purchase could, as with the feed-in tariff, be placed with the incumbent supplier who is compensated through a PSO.

The example wind farm produces on average 500 more MWh per MW each year and thus will have its tariff adjusted down for the remainder of the contract.

Sample calculation:
sample case
reference case

MWh per year
3400
3000


Tariff years 1 to 5
€55/MWh
€55/MWh

Annual revenue
€187,000
€165,000


Revenue years 1 to 5
€935,000
€825,000



Adjustment calculation:


Annual excess above reference case
€22,000


Remaining MWh expected
17,000


Adjustment per hour
€12.94


[(€22,000/year x 10 years)/17,000 MWh = €12.94/ MWh]


Tariff years 6 to 10
€42.06/MWh
€55/MWh

Annual revenue
€143,000
€165,000


Revenue years 6 to 10
€715,000
€825,000


Total revenue over life of project
€1,650,000
€1,650,000

The simple calculation detailed above does not consider the time value of money, however it does explain the concept behind an advanced fixed return system.  The actual calculation used under this type of system would likely be more complex in order to give an adjustment that considers the time value of money.

Annual Revenue per MW Years 1 to 10


Revenue years 1 to 5

€187,000/year


Revenue years 6 to 10

€143,000/year

Competitive tender

The example competition is for 200 MW of on-shore wind power and a cap price is established at €55/MWh.  Winning bids receive a 10 year power purchase agreement at the price bid.  In the example case, there are 700 MW of on-shore with planning permission expected to submit bids.  

The sample windfarm project will meet its required rates of return at €50.5/MWh.  Based on a judgment that the lowest 200 MWs will be bid between €49 and €51/MWh, the sample project bids €50.5/MWh.

After the tender deadline, all bids are ranked by price and the lowest 200 are given contracts at the price bid.  The sample project in this example is a winning bid.

Annual Revenue per MW Years 1 to 10


Revenue years 1-10

€50.5/MWh x 3400MWh/year = €171,700/year

Production credit

The production credit works like a fixed feed-in tariff, however only the “green value” of the MWh produced attracts the premium.  The electricity produced can be sold in to the competitive electricity market separately.

In the sample case, a production credit of €20/MWh is available for the first 10 years of production.  The sample windfarm project is assured of that cashflow, but must sell the electricity to the supply market to make up the shortfall of €30.5/MWh needed to meet investor return requirements.  The sample project must decide between two hypothetical options.  In the actual case, it is likely that a number of other options will be available in a liquid open trading system, such as the selling of output under forward and future contracts, as well as the partial sale of output under PPA and short term PPAs.

Option 1 is to negotiate a long term purchase contract with a supplier willing to purchase the output.  In this example, a PPA is negotiated at €31/MWh.

Option 2 is to sell the electricity in a pool market at the spot price, which is expected, though not guaranteed, in this example to fluctuate in a range between €25 and €40/MWh over the 10 year period.  If the windfarm selects this option, it will be taking on additional price risk, and thus will not have as much debt capacity as it would if Option 1 were chose.  The lower debt capacity in the financing structure will mean that a higher return, and thus a higher price per MWh, will be required.


Annual Revenue per MW Years 1 to 10


Option 1 revenue years 1 to 10




Production credit
€68,000/year



PPA with supplier
€105,400/yaer


Total
€173,400/year


Option 2 revenue years 1 to 10



Production credit
€68,000/year



Spot market (range)
€85,000 - €136,000/year


Total (range)
€153,000 - €204,000/year

Renewable obligation with tradable renewable credits

This system will be similar to the production credit in that the green value and the brown power can be sold separately and will attract different pricing.  

The value of the renewable credit will be based on the difference between supply of renewable production available and the requirement of the renewable obligation.  In this example, all supply companies are obligated to source 5% (rising to 10% in 2010) of all generation purchased for 2005 from renewable energy sources.  The obligation is met by producing tradable renewable credit certificates purchased from renewable generators, or by paying a buyout price.  The buyout price for the obligation is set at €30/MWh.  Substantial new capacity is required to meet the obligation with tradable renewable credits, therefore pricing is expected to be at the buyout price for initial years, and falling to €25/MWh by end of the 10 year period.

The sale of electricity from the sample windfarm reflects the same issues as described above in the production credits example.  In this example, the same options are available at the same prices.

With a tradable renewable credits mechanism, the sample project also has options in selling the renewable value.  As with electricity markets, it is likely that a number of other options will be available in a liquid open trading system for renewable credits, such as the selling of output under forward and future contracts, as well as the partial sale of output under PPA and short term PPAs.  Two hypothetical options are considered in this example.

Option A in this example is to sell 10 years of green credits to a supplier in a power purchase agreement for €28/MWh.  

Option B is to sell renewable credits at market prices, which are expected to fall between €30 and €25 over the 10 year period.  As with electricity sales, this option results in additional price risk, resulting in lower debt capacity for the project.

The potential revenue outcomes for the options presented are summarized in the below matrix.

Annual Revenue per MW Years 1 to 10

	
	Option A
	Option B

	Option 1
	 

Renewable credits                  €95,200

PPA with supplier                €105,000
Total                                     €200,200
	Renewable credits                  

 (range)                 €85,000 - €102,000

PPA with supplier                 €105,000
Total                    €190,000 - €207,000 

	Option 2
	Renewable credits                  €95,200

PPA with supplier 

 (range)                €85,000 - €136,000
Total                  €180,200 - €231,200
	Renewable credits                  

 (range)                  €85,000 - €102,000

PPA with supplier 

 (range)                  €85,000 - €136,000

Total                    €170,000 - €238,000 


Annex 10                         

This link will bring you directly to the Renewables Directive 2001/77/EC on the EUROPA website:-

http://europa.eu.int/smartapi/cgi/sga_doc?smartapi!celexapi!prod!CELEXnumdoc&lg=EN&numdoc=32001L0077&model=guichett
� It should be noted that the decline in output from hydro stations in 2001 reflects a decrease in the resource rather than a decrease in the generating capacity.  This can occur due to low rainfall which restricts flow or conversely excessive rainfall causing  the river to flood thereby also reducing flow.


� Figures largely reflecting those reported in the ALTENER supported Total Renewable Energy Resource in Ireland (ESBI and ETSU 1997).


� The term feed-in tariff in the Table is used in a general sense and includes the use of production credits as well. 








