REvision 2010: Developing sub regional renewable electricity targets for the SW
Resource Mapping in the South West
Summary Methodology & Statistics

This document should be considered within the context of the REvision 2010 project only. It is intended to stimulate debate about the factors affecting renewable energy development relevant within each sub regional area. 

The final targets adopted by each sub region will represent some percentage of the accessible economic resource outlined here.

It is not to be assumed that the level of development implied by the accessible economic resource, in particular for onshore wind, will be built.  
Produced as part of the REvision 2010 project, by Martyn Haywood, CSMA Consultants.
REvision 2010 is a project funded by Government Office for the South West in Partnership with the Regional Assembly and is delivered by a consortium that includes, Centre for Sustainable Energy, Energy for Sustainable Development, CSMA Consultants and Peter Capener.
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1 Introduction

As part of the Revision 2010 project to establish sub-regional targets for renewable electricity for 2010, a resource mapping exercise has been undertaken to identify the accessible economic resource potential in each sub-region.  The following renewable energy technologies were considered:

· Wave power – offshore and shoreline

· Tidal stream

· Tidal barrage

· Small-scale hydro power

· Solar photovoltaic (PV)

· Biomass – woodlands, energy crops and straw

· Centralised anaerobic digestion (CAD)

· Landfill gas (LFG)

· Energy from waste (EfW)

· Onshore wind

· Offshore wind

A similar GIS based approach to the recent regional resource assessment undertaken by Terence O’Rourke and ETSU
 (TORE) was used.  In some cases resource data was used directly from the report or it was extrapolated from regional data.  In others, where variations in yields, technology efficiency, policy or legislation, etc, have had a significant effect, the resource was re-computed from first principles.  This process started with an assessment of the technical resource, eg land area available and technology efficiency/yields, etc, then excluded designated areas like AONBs, National Parks and Heritage Coasts.  A range of other practical constraints such as urban areas, inter-visibility limits, buffer zones around dwellings, roads etc were also applied where appropriate.  Finally, some assumptions about the economic viability and maturity of each technology were used to estimate the accessible economic resource potential available within the 2010 time frame.  What is left is an estimate of the maximum resource that could be exploited, if all the individual power plants concerned could get planning permission, operating permits, capital finance, electricity supply contracts and be built by 2010. 

This is the first step in developing an appropriate target for the seven county/unitary authority areas in the South West, Cornwall, Devon, Dorset, Somerset, Wiltshire, Gloucestershire and the former Avon area. The consultation process that has been carried out has sought to identify the additional factors that need to be considered when establishing a realistic and achievable target for each of these areas.

The following pages summarise each technology in terms of:

· Data sources and technical resource for the region as a whole

· Constraints

· Assumptions used to estimate the accessible economic resource

· Accessible economic resource for the region as MW installed and as a percentage of the regional 2010 renewable energy target of 595 MW 

Section 11.2 summarises the accessible economic resource for Devon.

This resource assessment will change over time as technologies mature and economic and regulatory regimes change. The level of central government funding to support renewable technologies is unclear over the timescale to 2010 and will have great influence on the technologies that are finally delivered.
2 Wave Power

2.1 Data

Offshore

· Technical resource – up to 70 kW/m of wave-front

· Total estimate for the SW region – very large, > 10 GW, limited by the number of devices deployed

Shoreline 

· Technical resource – approx. 20 kW/m of wave-front.

· Total estimate for SW coast – 4.5 GW = 750% of the regional target

2.2 Constraints 

· Availability of proven technology 

· Financial viability

· Environmental protection

· Planning issues

· Construction time

2.3 Assumptions

· Moderate research grant aid for prototype/demonstration technologies

· Net offshore resource = 1 MW (2 experimental installations)

· Net shoreline resource = 2 MW (2-4 experimental installations)

2.4 Accessible economic resource 

· Offshore - 1 MW = 0.2% of regional target

· Shoreline - 2 MW = 0.3% of regional target

3 Tidal Barrage

3.1 Data

· Potential sites identified from TORE, SWEB and Cornwall RE studies.

· Potential MW installed derived from tidal range and area of enclosed water behind the barrage

· Gross resource 314 MW = 52.7% of regional target 

· Excludes the Severn Barrage – timescale prevents build by 2010

3.2 Constraints

· Environmental protection 

· Planning issues

· Construction time

· Financial viability

3.3 Assumptions

· Maximum of 1 development of 28 MW capacity (Cornwall, R Camel) as per TORE

Accessible economic resource 

· 28 MW (Max) = 4.7 % of Regional Target

4 Tidal Stream

4.1 Data

· Potential sites in the Bristol Channel, around Cornwall and at Portland Bill

4.2 Constraints 

· Many unknown/unproven factors

· Tidal current resource - undefined

· Financial viability - unknown

· Availability of technology – uncertain

· Power generation capacity – unknown

4.3 Assumptions

· Moderate research grant aid for experimental/prototype technologies.

· Commercially viable technology uncertain before 2010.
4.4 Accessible economic resource 

· 1 MW (experimental installation) = 0.2% of regional target

5 Small-scale Hydro

5.1 Data 

· Potential sites identified from TORE, Cornwall RE and Stroud Valleys studies 

5.1.1 
· 
· 
· 
· 
5.2 Constraints

· Seasonality of water flows

· Environmental issues

· Financial viability of projects

· Landowner/riparian rights, owner willingness 

· Environment Agency permitting

5.3 Assumptions

· There are no opportunities for large-scale hydro in the region by 2010

· Circa 100 small-scale sites and a large number of micro-hydro sites, most sites are in 10s of kW
· Maximum resource is approximately 30 MW 

· Implementation limited to a approximately 5% of the total resource (Environment Agency)
· 
5.4 Accessible economic resource

· 9 MW = 1.5% of the regional target of which nearly 7 MW already exists
6 Solar PV

6.1 Data

· Technical resource is huge

· Resource limited to buildings with suitable south facing roofs

· 2001 Census for population data 
· 
· 
6.1.1 
· 
· 
· 
· 
· 
· 
· 
· 
6.2 Constraints

· High installation and storage or grid connection costs

· 
6.3 Assumptions

· Uneconomic for large scale power generation

· Small scale implementation more likely

· UK 50% grant funding will drive implementation – assumed £50 million to 2010

· SW share of grant funding = £5 million

· £10 million total spend in SW by 2010

· Cost per 2 kW(peak) installation = £10,000 = 1,000 installations in SW region

· Installation distribution based on county/unitary populations 

· 1000 x 2 kW (peak) installations = 2 MW installed. 
6.4 Accessible economic resource

· 2 MW = 0.33% of regional target
7 Biomass

Three fuel sources considered:

· Forestry residues

· Energy crops (Miscanthus and short-rotation coppice, SRC)

· Straw

7.1 Forest Residues

7.1.1 Data

· Woodland coverage data obtained from English Nature

· Anomalies in data -not advisable to use the data to evaluate the type of woodland, only location and area

· All woodland areas treated as the same woodland type

· Total SW area woodlands – 71,200 ha

7.1.2 
· 
· 
· 
· 
· 
7.1.3 Constraints

· Wood fuel production restricted to existing woodlands for 2010 timeframe

· Existing markets/uses for by-products

· Access to valley woods

· Woodland management costs

· High cost of fuel - £35/dte
· Scarcity of large woodlands in region

· 1 MW requires 4000 hectares = 40 km2 of sustainably managed woodland 

7.1.4 Assumptions

· Acceptable price to generator approx £25 per dry tonne equivalent  (dte) 

· The sustainable woodland resource assumed to be brashings only from ongoing management of the woodland at 2 t/ha/yr regardless of type or size of woodland

· Rest of tree taken by timber industries
· Forestry residues may contribute to dual fuel plants alongside energy crops 

· Significant sustainable forestry residues may be available in the North of the region but are unlikely to make significant contributions alone

· 25% of total SW region woodland area supplies sustainable residue for power production

· 1 MW installed requires approx 8000 dte/y of wood 

7.1.5 Accessible economic resource 

· Sustainable forest residues 35,500 dte/y = 4.4 MW = 0.75% of regional target

7.2 Energy Crops (Miscanthus & Short Rotation Coppice)

7.2.1 Data

· Yield distributions for Miscanthus derived from data prepared by ADAS

· Yield data for SRC from Cornwall RE Study, REOC

· Agricultural land classification data from DEFRA

· Energy crop farming economic data from Nix’s Agricultural Handbook (2001)

7.2.2 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
7.2.3 Constraints

· Farmers planting energy crops versus conventional crops

· Other uses for set-aside

· Acceptability of combustion/generation plant and monocultures

· Planning and permitting

· Transportation issues

· Alternative markets for Miscanthus/SRC

7.2.4 Assumptions

· Acceptable price to generator approx £25 dte (Miscanthus or SRC) 

· Only agricultural land classification grades 1,2 and 3 suitable for energy crops

· Set-aside may be used for energy crops 

· Energy crop establishment grants will persist

· Miscanthus (16-18dte/ha) roughly twice the yield of SRC (8-10t/ha)
· Miscanthus the preferred crop where either will grow

· Miscanthus assumed to only be viable in less exposed locations
· For small plant (approx 2 MW) assumed 8,000 tonnes fuel 1MW plant capacity. Larger plant have higher efficiency therefore 4-5,000 tonnes fuels 1MW plant capacity.
· 
· 
· Wind speed cut off of 7m/s for growing Miscanthus in exposed areas 

· Leaves only a small percentage of the potential growing area for SRC

· Of the total available land suitable for growing energy crops, only 5% will be taken up = half of the 10% of farm land available as set aside

· The capture radius to power plant no greater than 40km 

7.2.5 Accessible economic resource 

· Energy crop 96 MW = 16.1 % of the regional target

7.3 Straw

7.3.1 Data 

· From DEFRA - Gross straw resource, by county

7.3.2 
· 
· 
· 
· 
7.3.3 Constraints

· Cost of straw – circa £40 tonne

· Large existing demand for agricultural use

· Acceptable cost of dry biomass fuel to generator – circa £25 tonne

· Some counties are net importers of straw for farming purposes.

7.3.4 Assumptions

· 10% of the resource is available as fuel

· 8000 tonnes per year fuels 1 MW installed capacity

· Special plant is required – due to ash and combustion factors

· Maximum installed capacity – approx. 7 MW

7.3.5 Accessible economic resource 

· 7 MW = 1% of Regional Target

7.3.6 
· 
8 Energy from Waste
8.1 MSW/commercial waste (thermal processes)
8.1.1 Data 

· Waste arising data from Environment Agency and Strategic Waste Management Assessment for the South West (98-99) 

· Population data - 2001 Census 

· The Environment Agency cites 3% annual growth in waste arisings 

· MSW figures extrapolated to 2010 based on Environment Agency and 2001 census data

· Environment Agency figures for industrial and commercial waste combined with MSW

· Waste arisings for Bath and NE Somerset, N Somerset, Bristol and S Gloucester unitary authorities were derived from former county of Avon arisings split by populations

· Similar method for waste arisings in unitary authorities in Devon, Wiltshire, and Dorset
· Figures will be revised in the light of the South West Waste Management Strategy
8.1.2 Constraints

· Recycling may extract high calorific value items (eg plastics)

· Waste production may fall

· Public and political acceptability of combustion/gasification/pyrolysis plant

· Planning and permitting

· Limited financial benefits – ROCs restricted to the non-fossil fuel derived waste fractions

8.1.3 Assumptions

· Recycling is maximised

· 33% of the overall MSW and commercial and industrial waste arisings are available for EfW purposes

· Approx. 10,000 tonnes pa is required to fuel a 1 MW plant for a year

· Therefore each 30,000 tonnes of arisings has the potential for 1 MW of capacity
· No assumption made about final process, market and environment drive pyrolysis /gasification rather than mass burn incineration 
8.1.4 Accessible economic resource
· 253 MW = 42% of the Regional Target
8.2 Landfill Gas

8.2.1 Data

· Current and potential generation capacity identified in TORE report 

· Estimated life of SW region landfill sites from Environment Agency Strategic Waste Management Assessment

· Total waste tonnage to landfill 1998-99 – 6 million tonnes (Environment Agency Strategic Waste Management Assessment)

· Waste generation inflation – 3% per year (Environment Agency Strategic Waste Management Assessment)

8.2.2 Constraints

· Production restricted to existing sites

· Restrictions on expansion and development of new sites

8.2.3 Assumptions

· LFG is only available from landfill sites containing putrescible materials

· UK and EU Waste Policy against further landfill

· Future LFG resource is restricted to current sites

· LFG output will decline over time

8.2.4 Accessible economic resource 

· 37 MW = 6% of regional target

8.3 Centralised Anaerobic Digestion

8.3.1 Data

· Two sources of material – animal wastes and food processing wastes

· DEFRA - Animal population statistics

· Population figures converted to annual tonnage of slurry etc 

· Environment Agency - Food waste arisings statistics

· Anaerobic Digestion – Best Practice Guidelines

· Annual tonnage converted to potential installed capacity 

8.3.2 
· 
· 
· 
· 
· 
· 
· 
· 
8.3.3 Constraints

· Farmers willingness to supply animal waste

· Ideal waste mix for CAD = 50:50 animal and food waste

· Economically achievable capacity limited by availability of food waste 

· Political and commercial considerations regarding disposal of CAD residues on farm land

· Acceptable waste storage and transport solutions 

8.3.4 Assumptions

· 20% of the animal population waste may contribute to the AD plants

· Slurry will only be collected for 50% of the year

· 30 cows produce 1 tonne of slurry per day

· 275 pigs produce 1 tonne of slurry per day

· 1 tonne slurry equates to 25m3 of biogas

· 1m3 of biogas equates to 1.7kWh of electricity (assuming 30% conversion efficiency)

· Assume all commercial and industrial food waste is available

· The total usable resource is likely to be limited by the availability of food waste rather than animal slurry

8.3.5 Accessible economic resource 

· 15 MW = 3% of regional target

8.4 
8.4.1 
· 
· 
· 
· 
8.4.2 
· 
· 
· 
· 
8.4.3 
· 
· 
8.4.4 
· 
· 
· 
· 
8.4.5 
· 
9 
9.1.1 
· 
· 
· 
· 
· 
· 
· 
9.1.2 
· 
· 
· 
· 
9.1.3 
· 
· 
· 
· 
· 
9.1.4 
· 
· 
· 
· 
9.1.5 
· 
10 Onshore Wind

10.1 Data

· Wind resource based upon the UK wind atlas

· Notional turbine used – 3rd generation 1.3 MW, 65m diameter, 65m hub height - most popular choice for currently proposed developments

· 25m agl wind speed data adjusted to 65m turbine hub height

· Ordnance Survey “Strategi” data set

· Four scales of development analysed, large (> 10 MW), medium (<10, >5 MW)  small (< 5 MW) and single turbines

10.1.1 
· 
· 
· 
· 
· 
10.2 Constraints

· No development assumed in National Parks, AONBs, heritage coast

· No development assumed closer than 400 metres to urban/village habitations - as indicated by the Ordnance Survey “Strategi” data set

· Developments not closer than 100 metres to major roads – B class and above.

· Minimum distance between large/small developments not less than 7 km

· Practical access to sites

· Landowner willingness

· Political will

· Time to complete planning procedures

· Distance to nearest electricity grid connection

10.3 Assumptions

·  6.25 m/s at 25m agl (7.0 m/s at 65m) is a minimum economic windspeed 

· Maximum economic use of the resource, in line with previous constraints 

· Smaller scale projects preferred

· Maximum capacity of 7 x 1.3 MW turbines per sq km of available land

· Distribution grid capacity not a significant constraint for 2010 targets

10.4 Accessible economic resource

· 1694MW = 285% of regional target

11 Offshore Wind

11.1 Data

· 
· Wind resource estimate from the European Wind Atlas

11.1.1 
· 
· 
11.2 Constraints

· Offshore site licensing is by central government – no local authority control

· Current licensed sites are outside the region

· Deep water off much of SW coast  - big technical and financial risks

11.3 Assumptions

· Further licensing of offshore sites for wind 

· One 50 MW site in the Bristol Channel - 25 x 2 MW turbines (TORE report)

11.4 Accessible economic resource

· 50 MW = 8% of regional target

12 Summary

12.1 Regional Accessible Economic Resource Summary

The following table summaries the accessible economic resource for various renewable technologies in the region based on the data and assumptions described previously.  The regional target is 595MW.

	Technology
	MW installed
	% of TOTALregional target (595 MW)
	GWh/year


	Wave Power – Shoreline
	2
	<1
	5

	Wave Power – Offshore
	1
	<1
	9

	Tidal Barrage
	28
	5
	61

	Tidal Stream
	1
	<1
	3

	Small-scale Hydro
	9
	<1
	19

	Solar PV
	2
	<1
	2

	Biomass - Forest residues
	4
	<1
	32

	Biomass – Energy crops
	96
	16
	757

	Biomass – Straw
	7
	<1
	52

	Centralised Anaerobic Digestion
	15
	3
	121

	Poultry Litter
	14
	2
	120

	Landfill Gas
	37
	6
	306

	Energy from Waste
	253
	42
	2104

	Onshore Wind Single
	354
	59
	1084

	Onshore Wind Small
	368
	62
	1127

	Onshore Wind Medium
	61
	10
	187

	Onshore Wind Large
	911
	153
	2794

	Offshore Wind
	50
	8
	153

	Total
	2213
	
	8941


Approximately 74MW of renewable power generation is already in place in the region.  This is slightly more than the 52MW stated in the Regional Assessment by Terence O’Rourke/ETSU (TORE report) as a few new renewable energy power plants have been implemented since the report was produced.

	Technology
	Location
	MW installed
	% of Regional Target

	Onshore wind
	Cornwall
	40.5
	6.8

	Onshore wind
	Gloucs
	0.5
	<1.0

	Landfill Gas
	Distributed
	25
	4.2

	CAD
	Devon
	1.5
	0.25

	Small-scale hydro
	Distributed
	6.6
	1.1

	Solar PV
	Distributed
	Small
	Small

	Total
	
	74.1
	13.36


12.2 Sub Regional Accessible Economic Resource Summary
	Gloucestershire
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Small-scale Hydro
	0.36
	0.06%
	0.79

	Solar PV
	0.23
	0.04%
	0.20

	Forest Residues & Energy Crops
	10
	1.65%
	77

	Straw
	1
	0.22%
	10

	Centralised Anaerobic Digestion
	3
	0.48%
	23

	Poultry Litter
	2
	0.34%
	17

	Landfill Gas
	4
	0.60%
	30

	Energy from Waste (thermal)
	34
	6%
	285

	Onshore wind - Single turbine
	10
	2%
	32

	Onshore wind - Small (<5MW)
	16
	3%
	48

	Onshore wind - Medium (5-10MW)
	10
	2%
	32

	Onshore wind - Large (>10MW)
	16
	3%
	47



	FORMER AVON
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Solar PV
	0.25
	0.04%
	0.22

	Forest Residues & Energy Crops
	8
	1%
	60

	Poultry Litter
	1
	0.13%
	7

	Landfill Gas
	1
	0.16%
	8

	Energy from Waste (thermal)
	51
	7%
	426

	Onshore wind - Single turbine
	8
	1%
	24

	Onshore wind - Small (<5MW)
	16
	3%
	48

	Onshore wind - Medium (5-10MW)
	12
	2%
	36

	Onshore wind - Large (>10MW)
	26
	4%
	80


	WILTshire
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Small-scale Hydro
	0.07
	0.01%
	0.15

	Solar PV
	0.25
	0.04%
	0.28

	Forest Residues & Energy Crops
	13
	2%
	104

	Straw
	2
	0.36%
	17

	Centralised Anaerobic Digestion
	3
	0.48%
	23

	Poultry Litter
	3
	0.50%
	25

	Landfill Gas
	5
	1%
	42

	Energy from Waste (thermal)
	32
	5%
	270

	Onshore wind - Single turbine
	5
	1%
	16

	Onshore wind - Small (<5MW)
	23
	4%
	72

	Onshore wind - Medium (5-10MW)
	6
	1%
	20

	Onshore wind - Large (>10MW)
	185
	31%
	566



	SOMERSET
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Small-scale Hydro
	0.18
	0.03%
	0.39

	Solar PV
	0.20
	0.03%
	0.18

	Forest Residues & Energy Crops
	21
	4%
	169

	Straw
	1
	0.21%
	10

	Centralised Anaerobic Digestion
	3
	0.44%
	21

	Poultry Litter
	3
	0.50%
	25

	Landfill Gas
	8
	1%
	69

	Energy from Waste (thermal)
	28
	5%
	231

	Onshore wind - Single turbine
	27
	5%
	84

	Onshore wind - Small (<5MW)
	55
	9%
	167

	Onshore wind - Medium (5-10MW)
	8
	1%
	24

	Onshore wind - Large (>10MW)
	58
	10%
	179



	DORSET
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Small-scale Hydro
	0.11
	0.02%
	0.24

	Solar PV
	0.29
	0.05%
	0.25

	Forest Residues & Energy Crops
	7
	1%
	58

	Straw
	1
	0.16%
	8

	Centralised Anaerobic Digestion
	2
	0.35%
	16

	Poultry Litter
	1
	0.24%
	12

	Landfill Gas
	6
	1%
	50

	Energy from Waste (thermal)
	30
	5%
	253

	Onshore wind - Single turbine
	13
	2%
	40

	Onshore wind - Small (<5MW)
	19
	3%
	60

	Onshore wind - Medium (5-10MW)
	9
	1%
	28

	Onshore wind - Large (>10MW)
	112
	19%
	343



	DEVON
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Small-scale Hydro
	5
	1%
	12

	Solar PV
	0.39
	0.07%
	0.34

	Forest Residues & Energy Crops
	26
	4%
	208

	Straw
	1
	0.12%
	5

	Centralised Anaerobic Digestion
	3
	0.55%
	26

	Poultry Litter
	4
	0.61%
	30

	Landfill Gas
	9
	1%
	78

	Energy from Waste (thermal)
	54
	9%
	448

	Onshore wind - Single turbine
	101
	17%
	311

	Onshore wind - Small (<5MW)
	131
	22%
	403

	Onshore wind - Medium (5-10MW)
	8
	1%
	24

	Onshore wind - Large (>10MW)
	318
	53%
	976



	CORNWALL
	Capacity MW
	Percentage of regional target
	Energy GWh/y

	Shoreline Wave
	2
	0.34%
	5

	Tidal Barrage
	28
	5%
	61

	Small-scale Hydro
	3
	0.5%
	6

	Solar PV
	0.20
	0.03%
	0.18

	Forest Residues & Energy Crops
	15
	2%
	116

	Straw
	0.26
	0.04%
	2

	Centralised Anaerobic Digestion
	2
	0.28%
	13

	Poultry Litter
	0.60
	0.10%
	5

	Landfill Gas
	4
	0.60%
	30

	Energy from Waste (thermal)
	23
	4%
	191

	Onshore wind - Single turbine
	188
	32%
	578

	Onshore wind - Small (<5MW)
	108
	18%
	331

	Onshore wind - Medium (5-10MW)
	8
	1%
	24

	Onshore wind - Large (>10MW)
	196
	33%
	602



� Renewable Energy Assessments and Targets for the South West; Terence O’Rourke & ETSU; Government Office for the South West, 2001





�Surely more than this if looking at total resource, though most really micro scale


�Is this cell efficiency or load factor?


�Should delete these two bullets as generation data not given for any other technologies. If we include GWh figures then this info should be in assumptions.


�Add in bullet point outlining waste arisings to landfill, must have this figure to work out MW. 


�Should include landfill gas and AD sections under EfW. EfW is normally regarded as meaning from combustion of wastes – I don’t think there is any confusion here. By the same argument tidal barrage could be considered solar energy. 


�Data is a bit out of date, we might be directed to looking at local waste plans. This would deal with the unitary arisings issue as well. I guess there’s not the time to deal with this now.


�Talked to Martyn about having four categories in line with landscape study. Single, small up to 5 MW medium up to 10MW and large over 10MW. Can we do this, Martyn seemed to think it was OK. Haydn  - I spoke to you about this. Your latest data run was for single, small and > 5MW – do we want to revise anything here?
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