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EXECUTIVE SUMMARY
1. This report documents the findings of feasibility studies for possible wood-fired schemes located within the communities of Conisbrough and Denaby of South Yorkshire.  This work, which was funded by the Energy Saving Trust, involved collaboration between the Earth Centre, the South Yorkshire Forest Partnership, Sheffield Hallam University and Onyx Environmental.  The Conisbrough and Denaby Renewable Energy (CADRE) project, which was funded by the European Commission through the ALTENER Programme, provided the initial basis for these feasibility studies.


2. The main aims of this work, referred to as the Conisbrough and Denaby Community Energy Project, were to determine the technical and economic feasibility of appropriate wood-fired schemes and the establish a basis for suitable business plans to assist possible subsequent development.  A programme of work was devised to address this by assessing local wood sources, evaluating local heating demand, investigating specific types of scheme, comparing options and beginning work on business plan development.


3. A variety of sources of local wood were identified, ranging from clean waste wood and arbour waste to forest residues and short rotation coppice.  Annual amounts of wood and likely costs, including transport costs, were determined for these sources of wood.  A cumulative annual amount of wood between 14,900 and 27,900 tonnes/a was found to be available at costs varying from - £8.00/tonne and + £44.00/tonne.


4. The feasibility study for a wood-fired group heating scheme was based on the Wellgate development, consisting of 40 planned housing association buildings, a residential home, a community centre and a local authority office in the old part of Conisbrough.  It was calculated that this development would have a total annual space and water heating requirement of 1,357,000 kWh/a and a peak load of 340 kW.  A technically-viable wood-fired group heating scheme was outlined and this was compared with a conventional scheme involving individual natural gas-fired heating systems.  It was concluded that the wood-fired group heating scheme would be economically-viable and achieve heating cost savings for tenants of between 23% and 37% compared to natural gas-fired heating.  Savings of 73% in carbon dioxide emissions were estimated.  All major practical issues related to this scheme were investigated and ownership options were examined.


5. The feasibility study of the wood-fired combined heat and power scheme with district heating network was based on the assessment of potential heat loads within Conisbrough and Denaby.  A possible scheme, serving 11 buildings in this area, was formulated and a technical plan was outlined for a district heating network providing an estimated annual heating requirement of 8,438,709 kWh/a and a peak load of 6,748 kW.  The capital costs and annual cash flow of this scheme were evaluated and the effect of varying the nature of the Capital Grant and the assumed sales price for electricity was examined.  It was concluded that the cost of wood used in the scheme would not have to exceed a maximum of £14.88/tonne for marginal economic viability.  It was noted that current local resource estimates indicated an average cost of £15.99/tonne for the annual wood requirement of 20,000 tonnes/a for the scheme.  Hence, further supplies of low cost wood would have to found locally for the scheme to become economically viable.  Possible scheme ownership and partnership arrangements were explored if the scheme were to be developed further.
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1.
INTRODUCTION
1.1
Background
The conurbation of Conisbrough and Denaby in South Yorkshire is a former coal mining community with a current population of 14,792 people.  Due to previous dependence on coal mining, this community experienced the significant impact of economic decline and social deprivation.  As such, Conisbrough and Denaby reflects many problems encountered in the area of South Yorkshire which has been designated as an Objective 1 Area by the European Commission.  Conisbrough and Denaby is also the location of the Earth Centre which is a major development for the demonstration and dissemination of the concept of sustainability.  During 2001 and 2002, work was undertaken by a local partnership of organisations to investigate the potential for reducing carbon dioxide emissions in Conisbrough and Denaby by improving energy efficiency and implementing renewable energy developments.  This work, referred to as the Conisbrough And Denaby Renewable Energy (CADRE) project, was funded by the Directorate-General for Energy and Transport of the European Commission under ALTENER Programme as a "100% Renewable Energy Scheme".  The partnership involved in the CADRE project consisted of the Earth Centre, the Resources Research Unit of Sheffield Hallam University, the Conisbrough and Denaby Development Trust and the Doncaster Metropolitan Borough Council.  The results of this work established current energy consumption and carbon dioxide emissions, evaluated possible energy efficiency improvements and local renewable energy developments, and outlined a business plan for achieving "net zero carbon dioxide emissions" in Conisbrough and Denaby (Refs. 1 to 6).  In particular, significant opportunities were identified for replacing space and water heating from existing individual solid fuel- and natural gas-fired systems with heating derived from local biomass energy resources, especially wood.  Current work, known as the Conisbrough and Denaby Community Energy Project, is the next logical step in this process which involves assessing the feasibility of possible local wood-fired schemes.

1.2
Aims and Objectives
The aims of the Conisbrough and Denaby Community Energy Project are to determine the technical and economic feasibility of appropriate wood-fired schemes in Conisbrough and Denaby and to establish a basis for suitable business plans to assist possible subsequent development.  The particular objectives considered here are:

· a wood-fired group heating scheme for a new community development, and


· a wood-fired combined heat and power scheme with a district heating network.

This work, which has been funded by the Energy Saving Trust, has involved collaboration between the Earth Centre (EC), as the main contractor, the South Yorkshire Forest Partnership (SYFP), as the co-ordinator, the Resources Research Unit of Sheffield Hallam University (SHU) and Onyx Environmental (OSL), both as sub-contractors.

1.3
Programme of Work
The programme of work consists of five tasks with specific purposes, planned activities and expected outcomes.

Task 1  Biomass Resource Assessment

The purpose of this task is to establish the local potential supply of wood for prospective developments in Conisbrough and Denaby.  In order to achieve this, it was agreed that SHU and SYFP would identify possible local sources of wood, in the form of forestry and woodland management residues, clean wood waste, short rotation coppice and short rotation forest.  It was proposed that contact would be established with possible local suppliers.  From this, a basic resource assessment would be undertaken to determine the nature of the wood, the annual quantity available, and the likely supply costs (if any), including transportation costs.

Task 2  Heating Demand Assessment

The purpose of this task is to determine the space, water and process heating demand characteristics of possible buildings for group and district heating network connection in Conisbrough and Denaby.  It was planned that SHU would evaluate the heating demand characteristics of the 40 proposed domestic dwellings in the Wellgate development, 29 public buildings in Conisbrough and Denaby, and any other appropriate local heat loads.  The location of each potential heat load would be specified.  Using information provided by Doncaster Metropolitan Borough Council, architects, building owners and occupiers, etc., assessments would be made of the annual and peak heating demand, the seasonal heating profile (if possible), and the typical daily heating profile (if possible).  Where essential, limited energy surveys would be conducted and subsequent analysis would be undertaken.  Where necessary, information alternative heating systems and approximate operating costs would be determined.  Aggregate heating profiles would be assembled for the group and district heating network schemes.

Task 3  Option Assessment

The purpose of this task is to specify the technical and economic details of a possible wood-fired group heating scheme and a possible wood-fired combined heat and power district heating network scheme.  It was intended that SHU would establish the appropriate aspects of the wood-fired group heating system and the combined heat and power plant, including the key technical parameters (wood supply and storage requirements, output rating and size) and key economic parameters (capital cost, operating cost and maintenance cost).  SHU, in liaison with other organisations, would identify possible locations for these plants.  OSL, in liaison with other organisations, would determine possible routes for network pipelines, would size and cost these pipelines, based on information provided from SHU, and would estimate pipeline heat losses, pumping requirements and costs, and building connection costs.  SHU would outline the arrangements of the possible sale of heat and, where appropriate, electricity.  SHU would assemble all subsequent results for each proposed option.

Task 4  Option Comparison

The purpose of this task is to compare the options available and to select the most appropriate for proposed development.  It was proposed that SHU and SYFP would consider the various options for supplying wood locally and for developing a possible wood-fired group heating scheme and a possible wood-fired combined heat and power district heating scheme.  The most appropriate sources, scheme options and plant locations would be selected.  Key aspects for subsequent development would be outlined.

Task 5  Business Plan Development

The purpose of this task is to prepare the basis for developing plans for any subsequent wood-fired schemes in Conisbrough and Denaby.  It was envisaged that EC, SHU, SYFP and local community and business organisations would work together to specify the main issues for scheme development.  These would include the formation of suitable development partnerships and the provision of adequate finance.  SYFP would examine the benefits for local woodland development.  SHU would outline procedures for taking the business plan forward.

2.
RESOURCE ASSESSMENT
A number of companies and related organisations with potential supplies of wood in the local area were contacted by SYFP.  Information was obtained on the contact details for these companies and organisations, the type of wood available, the likely cost of wood and the annual amount of wood which might be supplied locally.  These details are summarised in Appendix A.  The type of wood included shredded pallets, other clean waste wood, arbour waste, forest residues and short rotation coppice.  Cost data specified the basic cost (free at the gate or selling price), estimated local transport cost and the avoided cost of sending the wood to a landfill site.  A range was usually quoted by potential suppliers for the annual amount of wood available for use.  On the basis of this information, a resource cost curve, showing the annual amount of wood available ranked in order of increasing delivered cost (Ref. 7), was derived for local wood supplies and this is shown in Table 1.

Table 1
Resource Cost Curve for Local Wood Supplies
	Cost

(£/tonne)
	Amount of Wood Available

(tonnes/a)
	Cumulative Amount of Wood Available

(tonnes/a)

	
	Low
	High
	Low
	High

	   - 8.00
	1,000
	  1,000
	  1,000
	  1,000

	  + 4.00
	3,500
	  4,400
	  4,500
	  5,400

	  + 6.00
	1,200
	  1,200
	  5,700
	  6,600

	+ 12.00
	   900
	  1,200
	  6,600
	  7,800

	+ 13.00
	5,200
	  5,200
	11,800
	13,000

	+ 24.00
	2,900
	  4,900
	14,700
	17,900

	+ 44.00
	   200
	10,000
	14,900
	27,900


3.
WOOD-FIRED GROUP HEATING SCHEME
The feasibility study for a possible wood-fired group heating scheme was based on the community development at a site called Wellgate in the centre of the old part of Conisbrough.  This development consists of new buildings which were planned for construction in the near future on a former small housing estate.  The feasibility study examined to possibility of connecting all the new buildings consisting of 40 housing association buildings, a residential home, a community centre and an office building.  The site plan for this development is provided in Appendix B.  Based on building design details and proposed energy efficiency improvements, it was calculated that the estimated total annual space and water heating demand for this group of buildings would be approximately 1,357,000 kWh/a, with a peak load of 340 kW.  Relevant data are summarised in Appendix C.  On this basis, a scheme involving a 180 kW rated output baseload wood-fired boiler covering 85% of total demand and 2 x 80 kW rated output natural gas-fired peak and back-up boilers for the remaining 15% of the demand was investigated (Ref. 8).  In addition, the wood-fired group heating scheme would include hot water pipework, in the form of a ring system, linking all the buildings to a central boiler house and wood store, and main and back-up circulating pumps, each rated at 600 W.  A comparison was made between this possible wood-fired group heating scheme and an existing proposal involving individual gas-fired heating systems for each of the properties in the Wellgate development and results are shown in Tables 2 and 3, respectively.

Table 2
Estimated Total Capital Cost for Wood-fired Group Heating in the Wellgate Development

	Component
	Capital Cost

(£)

	Wood-fired Baseload Boiler
	  26,000

	Natural Gas-fired Peaking and Back-up Boilers
	    7,300

	Main and Back-up Circulation Pumps
	       600

	Hot Water Pipework
	  75,000

	Civil Works
	  33,000

	Total
	141,900


Table 3
Estimated Total Capital Cost for Individual Natural Gas-fired Heating Systems in the Wellgate Development

	Component
	Capital Cost

(£)

	Individual Natural Gas-fired Boilers
	24,660

	Natural Gas Pipework
	30,000

	Connections and Meters
	21,500

	Total
	76,160


Total capital cost of £141,900 were calculated for the wood-fired group heating scheme, including the wood- and natural gas-fired boilers, pumps, hot water pipework and civil works.  Assuming a Capital Grant of 40% on total capital costs of the wood-fired group heating scheme, the actual investment was estimated to be £85,140.  This would to be about 12% higher than the estimated investment of £76,160 for the alternative scheme with individual natural gas-fired boilers, gas pipework, connections and meters.  Assuming a calorific value of clean waste wood of 3,611 kWh/tonne and a wood-fired boiler thermal efficiency of 70%, the total annual wood requirement was calculated as 528 tonnes/a.  This is within the minimum amount of 1,200 tonnes/a available from a particularly suitable, established local source of clean industrial waste wood.  It was assumed that this wood could be provided on-site at a maximum cost of £14.40/tonne.  On this basis, and with a Capital Grant of 40% on total capital costs, an assumed scheme life of 25 years and a discount rate of 5% on investment, the annual cost of the wood-fired group heating scheme was estimated to be £17,978/a, including annualised capital costs, and the costs of wood fuel, natural gas peaking/back-up fuel, electricity for pumping and system maintenance, as summarised in Table 4.

Table 4
Estimated Annual Cost of Wood-fired Group Heating in the Wellgate Development

	Component
	Annual Cost

(£/a)

	Annualised Capital Cost with 40% Capital Grant
	  6,045

	Wood Fuel Cost
	  7,603

	Natural Gas Fuel Cost
	  3,283

	Pumping Cost
	     200

	Maintenance Cost
	     847

	Total
	17,978


Using the same basis of calculation with a 25 year scheme life and a discount rate of 5%, this compares with a total annual cost for the alternative based on individual natural gas-fired heating systems (each with a thermal efficiency of 90%) of £28,665, including annualised capital costs, natural gas fuel (at a price of 1.4 pence/kWh) and maintenance, as illustrated in Table 5.

Table 5
Estimated Annual Cost of Individual Natural Gas-fired Heating Systems in the Wellgate Development

	Component
	Annual Cost

(£/a)

	Annualised Capital Cost
	  5,407

	Natural Gas Fuel Cost
	21,108

	Maintenance Cost
	  2,150

	Total
	28,665


This comparison indicated very favourable results for the wood-fired group heating scheme which would provide heat for tenants at a total price of about 1.37 pence/kWh.  This would be 37% cheaper than the total price of 2.11 pence/kWh for the alternative of individual natural gas-fired heating systems.  Potential net reductions in carbon dioxide (CO2) emissions were also assessed.  This indicated that annual CO2 emissions from the wood-fired group heating scheme would be 79 tonnes of CO2/a, due to 34 tonnes of CO2/a from fossil fuels used during the recovery and transport of waste wood and 45 tonnes of CO2/a from natural gas consumed for peak heating.  This compares with 292 tonnes of CO2/a from natural gas consumption in the conventional scheme, resulting in a saving of 73% in CO2 emissions.  Further investigation of the wood-fired group heating scheme consisted of examining the effects of the Capital Grant on the comparison of capital, annual and unit costs.  The results of this investigation are demonstrated in Table 6 which indicates that the wood-fired group heating scheme generates savings in annual and unit costs, as shown by the percentage figures in brackets, under all circumstances.

Two other issues for the wood-fired group heating scheme were considered; smoke emissions and wood chip deliveries.  Initial concern was expressed about the use of wood as a fuel in a smokeless zone.  It was noted that wood chip can be burnt in appliances which are approved for use in smokeless zones by the Department for the Environment, Food and Rural Affairs (Ref. 9).  All prospective makes of wood-fired boiler which could be installed in this particular scheme were checked to ensure that they would meet this requirement.  However, further concern was raised about the stack height and any visual plume which might occur during the operation of the wood-fired boiler.  In order to avoid intermittent plume downdraughts, it would be necessary for the stack to be higher than adjacent buildings.  This indicated a stack 

Table 6
Effects of Capital Grant on the Comparative Costs of the Wood-fired Group Heating Scheme and the Individual Natural Gas-Fired Heating Systems in the Wellgate Development
	Scheme
	Capital Costs

(£)
	Annual Costs

(£)
	Unit Costs

(p/kWh)

	Natural Gas-fired Scheme with Individual Boilers


	76,160
	28,665
	2.11

	Wood-fired Group Heating Scheme:

Capital Grant on All Capital Costs


	85,140

(+12%)
	17,978

(-37%)
	1.32

(-37%)

	Wood-fired Group Heating Scheme:

Capital Grant on Capital Costs of Wood-fired Boiler and Civil Works
	118,300

(+55%)
	20,327

(-29%)
	1.50

(-26%)

	Wood-fired Group Heating Scheme:

Capital Grant on Capital Costs of Wood-fired Boiler
	131,500

(+73%)
	21,263

(-26%)
	1.57

(-26%)

	Wood-fired Group Heating Scheme:

No Capital Grant


	141,900

(+86%)
	22,001

(-23%)
	1.62

(-23%)


height of greater than 10 m.  Apart from the short and very occasional times of boiler start-up, any visual plume from this stack would be caused by water vapour emitted during normal operation.  The visual impact of this plume can be reduced by increasing the height of the stack so that the vapour is dispersed more quickly.  However, raising the stack height in itself increases visual impact.  Hence, a balance has to be reached between these considerations.

The siting of the boiler house affects these and other important considerations.  The site of the Wellgate scheme is sloping.  Consequently, location of the boiler house at the top end of the site (south western edge) would reduce most problems with plume downdraught (see Appendix B).  However, this would place the stack in the vicinity of the local church which is a prominent ancient feature.  For this reason, attention would have to be given to the precise placement of the boiler house and the design of the stack.  Possibilities include encasing the stack is a brick façade or incorporating it partly in one of the buildings on site, such as the 3 storey office, to reduce its visual impact.  Siting of the boiler house was also influenced by its proximity to the wood chip store and subsequent access for deliveries.  Assuming an on-site storage capacity of 54 m3, which is about the size of an ordinary garage, and a lorry capacity of 8.3 tonnes, wood chip deliveries would vary from 1 per month in August to 4 per month in January, February, March and December.  It was considered that such level of lorry movements would not be excessive since they would be equivalent to expected refuse lorry traffic.  However, due to the layout of the Wellgate development, access to the central parts of the site would be restricted.  Hence, this also indicated that possible locations for the boiler house, stack and wood chip store should be on the edge of the site.  Combined with previous considerations about the stack, local road configurations suggest that a location at the top end of the site would, indeed, be the most favourable place for the boiler house, stack and wood chip store in the wood-fired group heating scheme.

4.
WOOD-FIRED COMBINED HEAT AND POWER SCHEME
The starting point for the feasibility study of the wood-fired combined heat and power scheme involved identifying buildings with potentially relevant heat loads within Conisbrough and Denaby.  A list of local authority-owned buildings was provided by Doncaster Metropolitan Borough Council.  This was expanded by means of on-site inspections, supplemented by information from local contacts.  In total, this process identified 36 buildings, including a factory, a leisure centre, a library, shops, schools, care centres, homes, halls, clubs, etc.  Specific data were then collected and recorded for these particular buildings, as summarised in Appendix D.  The measured altitude of each building above sea level were derived from an Ordnance Survey map so that differences in height between different points on any subsequent district heating network could be determined.  Essential energy data were obtained for each building, either through existing records or by conducting on-site surveys followed by relevant energy analysis.  In particular, the type of energy and its use was established.  Additionally, annual delivered energy consumption were evaluated for each building either by accessing energy records or by using published energy performance values (kWh/m2 a) and measured floor areas (m2).  Estimates of peak delivered energy demand were deduced from known data or by means of simple assumptions concerning the pattern of heat demand.

Originally, it was envisaged that 3 sizes of district heating scheme should be considered.  The first was regarded as a core scheme which included buildings with relatively large heat loads; M & J Polymers, Dearne Valley Leisure Centre and the Kwik Save supermarket.  M & J Polymers, which is a factory situated in an industrial estate on the outskirts of Denaby has a particularly large and fairly constant process heat load.  Dearne Valley Leisure Centre also has a reasonably constant demand for swimming pool, space and water heating.  The refrigeration requirements of the Kwik Save supermarket could be supplied from a district heating scheme by means of an absorption chiller.  The second scheme envisaged consisted of expanding the core scheme within Denaby to include relevant buildings near to a possible pipeline route connecting the 3 original buildings.  The third scheme involved extending the second to add peripheral buildings in Conisbrough and Denaby.  However, detailed evaluation of the basic features of a district heating network in Conisbrough and Denaby by OSL concluded that only one scheme could be considered to be viable.  The formulation of this scheme is described in Appendix E.  Although Dearne Valley Leisure Centre had the attractions of a large and comparatively constant heat load and a relatively new natural gas-fired boiler which could have provided peaking and back-up facilities of a district heating scheme, this building had to be eliminated because of practical difficulties in routing a pipework connection due to its location on the other side of a railway line to the other buildings.  Many buildings with relatively small heat loads could not be considered since connections to a district heating scheme were expected to be uneconomic.

As a result of these considerations, a potential district heating scheme was identified connecting 11 buildings; M & J Polymers, Strafforth House, Fullerton House, Denaby Main Primary School, Sure Story Book House, Four Seasons Care Centre, Tom Hill Youth Club, St. Albans Catholic School, Balby Street Junior/Infant School, Northcliffe School and Rowena Infant and Nursery School.  Due to the availability of suitable land, good access for wood chip deliveries and the proximity of a major heat load, the prospective wood-fired combined heat and power plant was assumed to be located next to M & J Polymers in the Denaby Industrial Estate on the outskirts of the conurbation.  As indicated in Appendix E, the peak district heating rating for this scheme is estimated to be 6,748 kW with total annual district heating supply of 8,438,709 kWh/a.  Three possible wood-fired combined heat and power plants were considered to be appropriate as a heat source for this prospective district heating scheme.  The Talbott's CHP 1000 unit consists of a conventional wood combustion boiler and steam turbine providing a peak thermal output of 5,500 kW, as either hot water or steam, and a peak net electrical output of 1,000 kW.  The Wellman wood-fired combined heat and power modular unit is based on a gasifier and gas engine which can provide a peak thermal output of 6,210 kW of hot water or 3,100 kW of steam, and a peak net electrical output of 2,760 kW.  The Turboden HER 500 unit is a wood-fired organic Rankine cycle engine, two of which provide a peak thermal output of 5,800 kW, in the form of hot water, and a peak net electrical output of 1,000 kW.

The technical choice between these units would depend on their actual availability and practical application to the specific conditions required in this district heating scheme.  In particular, the most important potential consumer of heat would be M & J Polymers which currently uses steam at 80 to 85oC as a primary heat source in processing.  Initially, this would imply that a combined heat and power plant which produces steam would be needed in this scheme.  However, M & J Polymers have an integrated system which cascades heat down from the original source and it is possible that modifications could be made so that this potential consumer could accept high temperature heat instead of steam.  Since these important considerations need further investigation beyond the scope of this feasibility study, it was decided to evaluate initial economic viability on the basis of the range of possible combined heat and power plants with general costs and characteristics.  On this basis and with general prices provided by manufacturers, it was established that the cost of a suitable combined heat and power plant, including wood chippers and storage silo, would be approximately £1.5 million.  Assuming standard costings for a basic footprint of 240 m2 for the site pad (£16,800) with 20 tonnes of steelwork (£19,200) and 1,600 m2 of cladding (£48,000) to house the main items of equipment, the total cost of the civil works was estimated as £84,000 (Ref. 10).  It was assumed that forced-draught cooling towers would be needed for waste heat rejection at times when the district heating demand was low and the total installed cost of these was estimated to be £440,000 on the basis of comparison with generic data.  The provision of switchgear, control panels, transformers and local grid connection was assumed to be similar to an earlier quote for equipment required for a proposed small wind turbine scheme at the Earth Centre.  In particular, connection details were specified by a local electricity utility and the equivalent cost was £300,000.  The total cost of the proposed district heating network is detailed in Appendix E based on the site plan presented in Appendix F.  The estimated total capital cost of the wood-fired combined heat and power scheme with this district heating network is summarised in Table 7.  For illustrative purposes, it is assumed that a Capital Grant of 40% is available on the costs of the combined heat and power plant, the wood chippers and the storage silo.

The annual cash flow for the scheme was simulated by annualising the total capital costs with a 7% discount rate over an assumed lifetime of 30 years.  Maintenance of the combined heat and power plant and associated equipment was based on a percentage of the capital costs.  Estimates of the annual cost of natural gas and maintenance for the peaking/back-up boilers, electricity and maintenance for the district heating circulation pumps, maintenance of the district heating pipework, and operation of the control system and water treatment was obtained from Appendix E.  The simulated annual cash flow excluding the cost of the wood fuel is summarised in Table 8 which assumes revenue from district heating sales of 2.252 pence/kWh.  This is an average price which might be competitive with effective prices of existing sources of heat used by those buildings that could be connected to the proposed district heating network.  The main fuel which would be displaced by district heating

Table 7
Estimated Total Capital Cost of the Wood-fired Combined Heat and Power Scheme with District Heating Network
	Component
	Capital Cost

(£)

	Wood-fired Combined Heat and Power Plant, Chippers and Storage Silo
	1,500,000

	Civil Works Including Base, Steelwork and Cladding
	     84,000

	Cooling Towers
	   440,000

	Switchgear, Control Panels, Transformers and Grid Connection
	   300,000

	Capital Grant: 40% of CHP Plant, Chippers and Storage Silo
	- 600,000

	Sub-Total
	1,724,000

	District Heating Pipework and Installation
	1,106,000

	Natural Gas-fired Back-Up/Peaking Boilers
	   112,000

	Circulating Pumps and Variable Speed Drives
	    76,000

	Pressurisation System
	    24,000

	Water Treatment System
	      6,000

	Control System
	    68,000

	Heat Meters
	    13,200

	Heat Exchangers
	    56,700

	Sub-Total
	1,461,900

	Grand-Total
	3,185,900


would be natural gas which was assumed to have a purchase price of 1.100 pence/kWh plus a Climate Change Levy of 0.150 pence/kWh.  The effective price also takes into account the thermal efficiency of the current use of natural gas in existing equipment by the buildings identified for possible connection to the district heating network.  It should be noted that district heating sales from the proposed scheme would avoid payments of Climate Change Levy, provided that current quality standards for combined heat and power could be satisfied, since the principal energy source is renewable energy in the form of wood.  It was assumed that the net electricity output from the combined heat and power plant would be 1,000 kW at a 75% load factor over any given year, resulting in electricity sales of 6,570,000 kWh/a.  For illustration, the revenue from these sales was set at 3.000 pence/kWh which is equivalent to the basic price for electricity generated from renewable sources in the United Kingdom required to discharge the current renewable energy obligation of electricity utilities (Ref. 11).  On the basis of these assumptions, the estimated annual cash flow of the proposed wood-fired combined heat and power scheme with district heating network, excluding the cost of wood fuel, shows an annual net income of £59,700, as indicated in Table 8.

This implies that £59,700 is the maximum annual revenue available for obtaining wood fuel supplies.  It was assumed that the average wood fuel consumption of the chosen wood-fired combined heat and power plant would be approximately 20,000 tonnes/a.  This suggests that a maximum price of £2.99/tonne for wood from local sources delivered to the scheme.  By referring to the resource cost curve in Table 1, it can be seen that the high estimate of local wood supplies could provide enough fuel for the scheme.  However, this would consume almost all the locally available wood ranging from clean waste wood to relatively expensive wood from cultivated sources.  Additionally, the average price of wood fuel from these supplies would be £15.44/tonne, which is considerably higher than the maximum price that the scheme could accommodate.  As currently envisaged and on the basis of the assumptions incorporated in Table 8, the proposed wood-fired combined heat and power scheme and district heating network would be quite uneconomic.  However, there are a 

Table 8
Estimated Annual Cash Flow of the Wood-fired Combined Heat and Power Scheme with District Heating Network
	Component
	Annual Cash Flow

(£/a)

	Annualised Total Capital Costs: 7% discount rate and 30 year life
	256,740

	Combined Heat and Power Plant Maintenance
	  35,000

	Natural Gas for Peaking/Back-Up Boilers
	  11,000

	Electricity for District Heating Network Pumps
	    4,200

	District Heating Network Maintenance
	    9,850

	Control System
	    3,800

	District Heating Network Pump Maintenance
	    3,200

	Peaking/Back-Up Boiler Maintenance
	    2,800

	Water Treatment
	       850

	Annual Cost
	327,440

	District Heat Sales: 8,438,709 kWh/a at 2.252 p/kWh
	190,040

	Electricity Sales: 6,570,000 kWh/a at 3.000 p/kWh
	197,100

	Annual Income
	387,140

	Net Income
	  59,700


number of important factors which are uncertain and the effect of these on the economics of the proposed scheme were investigated, as shown in Table 9.  These factors consisted of the specific application of the Capital Grant and the assumed price of electricity sales.  In particular, the effect of the Capital Grant was examined, ranging from a situation where no Capital Grant was available to one in which the 40% Capital Grant was applied to the total capital cost of the entire scheme, including the combined heat and power plant and the district heating network.  The price of electricity sales was also varied from the expected minimum of 3.000 

Table 9
Effects of Capital Grant and Electricity Price on the Economics of the Wood-fired Combined Heat and Power Scheme with District Heating Network

	Scheme
	Capital Cost

(£)
	Annual Cost

(£/a)
	Annual Income

(£/a)
	Price of Wood Fuel

(£/t)

	No Capital Grant and 3.00 p/kWh for Electricity Sales


	3,785,900
	375,792
	387,140
	  0.57

	Capital Grant of 40% for CHP Plant and 3.00 p/kWh for Electricity Sales
	3,185,900
	327,440
	387,140
	  2.99

	Capital Grant of 40% for Total Scheme and 3.00 p/kWh for Electricity Sales
	2,271,540
	253,755
	387,140
	  6.67

	No Capital Grant and 5.50 p/kWh for Electricity Sales


	3,785,900
	375,792
	551,390
	  8.78

	Capital Grant of 40% for CHP Plant and 5.50 p/kWh for Electricity Sales
	3,185,900
	327,440
	551,390
	11.20

	Capital Grant of 40% for Total Scheme and 5.50 p/kWh for Electricity Sales
	2,271,540
	253,755
	551,390
	14.88


pence/kWh, which is the expected minimum required to discharge the renewable energy obligation, to a current maximum of 5.500 pence/kWh, which is the prevailing market price that is being quoted for electricity generated from premium sources of renewable energy.  The average price of wood fuel which the scheme could support under these varying conditions was determined and the results can be seen in Table 9.  This indicates that, if the Capital Grant could be applied to the entire scheme and if electricity could be sold at premium prices, then the maximum wood fuel price would be 14.88 pence/tonne.  This is lower than the average price of 15.99 pence/tonne which has been estimated for the supply of 20,000 tonnes/a from local sources.  Hence, under these conditions, the proposed wood-fired combine heat and power scheme with district heating network is marginally uneconomic.  Various options for improving the economics of the scheme could be considered.  However, the most significant option would be to increase the availability of low cost wood fuel supplies locally.  In particular, this would concern additional sources of clean waste wood at delivered prices of £6.00/tonne or less, arbour waste at delivered prices of £12.00/tonne or less, and forest residue at delivered prices of £24.00/tonne or less.

5.
BUSINESS PLAN DEVELOPMENT

Throughout these feasibility studies, contact was maintained with all the relevant parties interested in the schemes under consideration.  In particular, meetings were held on particular issues as the work progressed.  Project team meetings took place on 16 April 2002, 30 April 2002, 3 July 2002, 17 July 2002, 29 November 2002 and 3 December 2002.  In relation to the proposed wood-fired group heating scheme, a series of important meetings were organised with the Wellgate Steering Committee.  Initial potential and prospects of a wood-fired group heating scheme had been raised with all the main organisations involved in the Wellgate development at an early stage, especially in connection with the CADRE Project during 2001.  Enthusiasm for a scheme involving the use of local renewable energy sources had been expressed by the developers, in the form of the local authority, the housing associations and architects, and the local community, in the form of local representatives and prospective tenants.  Indeed, SHU as participants in the CADRE Project had assisted with the drafting of design criteria for sustainability in the original brief.  Furthermore, the housing associations which were then tendering for involvement in the Wellgate development established their formal commitment to design features which would reduce energy consumption and promote the use of local renewable energy sources.  As specific technical and economic details emerged from the feasibility study for the wood-fired group heating scheme, results and their implications were presented to the Wellgate Steering Committee on 24 July 2002, 28 August 2002, 2 September 2002 and 9 September 2002.

Preliminary formulation of a business plan for the Wellgate development began with consideration of possible options for scheme ownership at the meeting of 28 August 2002.  These options included ownership by the local authority; Doncaster Metropolitan Borough Council, the local community; Conisbrough and Denaby Development Trust, the housing associations; Hallam Housing Association and/or South Yorkshire Housing Association, and a possible scheme developer; Econergy Ltd.  Various models for organisation of different participants in the ownership of the scheme were explored.  The main models which seemed to be appropriate were based on significant involvement from an experienced scheme developer.  However, further negotiation could be undertaken, resulting in a detailed business plan, more pressing concerns arose over the formal adoption of the proposed wood-fired group heating scheme by the Wellgate Steering Committee.  Detailed discussions occurred at meetings on 2 and 9 September 2002.  Specific issues were raised, including the long-term availability of local wood fuel supply, the apparent novelty and reliability of the technology, and the technical and financial risks posed for the participants in the Wellgate development.  Although all these issues were addressed successfully, an important concern remained about the conflict between the planned start date of January 2003 for major building work on-site, the timing of an application for a Capital Grant from the Energy Saving Trust in October 2002 and the announcement of the outcome of this application in January 2003.  Unfortunately, this conflict could not be resolved and the Wellgate Steering Committee decided not to adopt the proposed wood-fired group heating scheme.  The formal decision was communicated to Mr. L. Clemitshaw of the Earth Centre by Mr. A. Rowe via Mrs. E. Lygo, the Area Housing Manager, as follows:

"I write to you with sincere thanks for your participation in the Biomass Presentation held at the Priory on Monday 9 September 2002.  After much deliberation, unfortunately the Members of the Wellgate Steering Group (the Committee) unanimously agreed not to proceed with the Biomass District Heating System.  The main factor behind their reasons were due to the time and planning implications (which) the project was enduring.  However, I am sure that all participating Members would embrace a project of this nature for a future development.  Once again, I would like to take this opportunity to thank everyone involved in the Feasibility Team for his or her comprehensive contribution of the Biomass System."

Preliminary development of the business plan for the proposed wood-fired combined heat and power scheme and district heating network has involved, principally, the Earth Centre, the South Yorkshire Forest Partnership, a potential scheme developer; Econergy Ltd., and a prospective major district heating consumer, M & J Polymers.  The Earth Centre was initially interested in the scheme if the combined heat and power plant could be located at one end of their site adjacent to the Dearne Valley Leisure Centre as a potential consumer of district heating.  This possible location had numerous advantages, including adequate space for the combined heat and power plant and storage silo, good road access for wood deliveries, proximity to a potentially-major heat consumer, and prospects for use a demonstration scheme and visitor attraction as part of the activities of the Earth Centre.  However, this site could not be adopted for the proposed scheme due to its separation from the majority of the possible district heating load in Conisbrough and Denaby by a railway line.  As indicated in Appendix E, the process heat load of M & J Polymers in the Denaby Industrial Estate means that it is essential to locate the combined heat and power plant adjacent to this particular site.  Apart from the impact of this requirement on the design of the layout of the proposed district heating network, this consideration suggested possible involvement by M & J Polymers in scheme ownership.  This possibility was raised at an early stage in negotiations with M & J Polymers but it was established that this company preferred to avoid any technical and financial risk of scheme ownership and only wished to be considered as a customer for district heating.  On this basis, the most appropriate facilitator for the scheme would seem to be an experienced developer, such as Econergy Ltd., which could undertake design, build and operation for a partnership involving participants such as prominent local wood fuel suppliers and Doncaster Metropolitan Borough Council.  Further business plan development on this basis depends on consideration of the results of this feasibility study by these possible participants.

6.
CONCLUSIONS AND RECOMMENDATIONS
Local sources of wood have been established ranging from clean waste wood and arbour waste to forest residue and short rotation coppice.  Low and high estimates of the annual amounts of wood available and their likely cost, including transport, have been determined and a resource cost curve has been derived for wood in the area surrounding Conisbrough and Denaby.  Total quantity of wood available has found to be adequate for supplying the schemes examined in subsequent feasibility studies.  Two feasibility studies have been investigated in detail; a wood-fired group heating scheme and a combined heat and power scheme with a district heating network.

It has been concluded that the wood-fired group heating scheme, as part of the Wellgate development for regenerating a community within Conisbrough, is both technically and economically viable.  In particular, this scheme would provide reliable and convenient heating to tenants at a cost which would be between 23% and 37% cheaper than the conventional option of individual natural gas-fired heating.  Robust economic benefits were established against varying assumptions about the nature of the Capital Grant.  A suitable local supply of wood would be available at a reasonable cost.  Delivery and storage arrangements would be practical and would not be unduly disruptive.  Local environmental problems with stack emissions could be avoided and visual impact could be minimised through careful design and integration within the planned development.  Significant environmental benefits would be achieved in the form of 73% savings in CO2 emissions.  Incorporation of the wood-fired group heating scheme within the Wellgate development would underpin the sustainability of local community regeneration.

The outline design for a wood-fired combined heat and power scheme with a district heating network was found to be technically viable.  Various potential heat loads with Conisbrough and Denaby were evaluated and a scheme involving eleven specific buildings was formulated.  The most suitable site for a combined heat and power plant, based on any one of three possible designs, was identified within the Denaby Industrial Estate and a provisional plan for a district heating network was devised.  The capital and operating costs for this scheme were calculated and assessed against variations in the nature of the Capital Grant and the assumed sales price of electricity.  It was concluded that, under current circumstances, the scheme would be marginally uneconomic at best.  The estimated capital costs of the scheme are relatively high due to the extensive district heating network and the comparatively low heat load density within Conisbrough and Denaby.  Despite this, it was suggested that the scheme could become marginally economic if further low cost sources of local wood could be identified to supply the estimated consumption of 20,000 tonnes/a.  It is recommended that this issue is investigated in more detail.

Preliminary business plan development was explored for both schemes.  Models of ownership were investigated.  Subsequent work on the business plan for the wood-fired group heating scheme was terminated when it failed to be adopted in the Wellgate development due to difficulties with timing for possible Capital Grant support and planned work on-site.  Business planning for the wood-fired combined heat and power scheme with district heating network indicated that it may be possible to establish a suitable partnership involving an experienced developer, local wood suppliers and Doncaster Metropolitan Borough Council.  It is recommended that potential partnership arrangements should be explored further based on the results of this feasibility study.  Additionally, any opportunities for achieving economic viability with this scheme should be assessed against the requirements of this partnership.  As business planning continues with any scheme, it is recommended that scheme ownership and partnership commitment is confirmed formally.

APPENDIX A:
POTENTIAL LOCAL WOOD SUPPLIES
	Potential Supplier
	Type of Wood
	Cost

(£/t)
	Amount

(t/a)

	
	
	
	Low
	High

	Parkwood Recycling Ltd.,

Salmon Pastures,

Attercliffe,

Sheffield S4 7WT.
	Shredded Pallets
	- 8.00(a)
	1,000
	  1,000

	Econergy Ltd.,

35 Gwydir Street,

Cambridge CB1 2LG.
	Clean Waste Wood
	  4.00(b)
	  600
	    600

	Independent Suppliers


	Arbour Waste
	  4.00(b)
	2,900
	  3,800

	Jeffrey Walker Ltd.,

Brunel Industrial Estate,

Harworth,

Doncaster DN11 8QA.
	Shredded Pallets
	  6.00(c)
	1,200
	  1,200

	Street Force,

Sheffield City Council,

Norton Lane,

Sheffield.
	Arbour Waste
	12.00(d)
	  900
	  1,200

	Grove Environmental,

Whitelea Grove Industrial Estate,

Mexborough S64 9QP.
	Shredded Pallets
	13.00(e)
	5,200
	  5,200

	Wayne Bowman,

69 Haigh Lane,

Haigh,

Barnsley S75 4DA.
	Forest Residue
	24.00(f)
	2,500
	  4,500

	Wentworth Estate,

Clayfields Lane,

Wentworth,

Rotherham S62 7TD.
	Forest Residue
	24.00(f)
	  400
	    400

	Coppice Resource Ltd.,

19 Long Meadows,

Everton,

Doncaster DN10 5BL.
	Short Rotation Coppice
	44.00(g)
	  200
	10,000


Notes
(a)
Basic cost of £10/t plus transport cost of £4/t less avoided landfill cost of £22/t.

(b)
Free at gate with transport cost of £4/t.

(c)
Basic cost of £20/t plus transport cost of £4/t less avoided landfill cost of £22/t.

(d)
Basic and transport costs of £12/t.

(e)
Basic and transport costs of £35/t less avoided landfill cost of £22/t.

(f)
Basic cost of £20/t plus transport cost of £4/t.

(g)
Basic cost of £40/t plus transport cost of £4/t.

APPENDIX B:
SITE PLAN OF THE WELLGATE DEVELOPMENT

APPENDIX C:
HEATING LOAD ASSESSMENT FOR THE GROUP HEATING SCHEME
	Type of Building
	Individual

Building

Floor

Area

(m2)
	Number

of

Buildings
	Total

Annual

Useful

Energy

(MWh/a)
	Total

Peak

Heat

Load

(kW)

	House: 3 bedrooms, 5 persons
	  86
	15
	  145(a)
	  68(h)

	House: 2 bedrooms, 4 persons
	  78
	14
	  129(b)
	  70(h)

	Bungalow: 2 bedroom, 3 persons
	  70
	  4
	    35(c)
	  22(h)

	House: 4 bedroom, 8 persons
	123
	  7
	    80(d)
	  26(h)

	Residential Home
	272
	  1
	    89(e)
	  16(i)

	Offices
	534
	  1
	    38(f)
	  67(j)

	Community Centre
	218
	  1
	    31(g)
	  21(k)


Notes
(a)
Quoted SAP rating of 87 (Ref. C1), equivalent to a useful annual energy demand per building of 4,444 kWh/a for space heating and 5,208 kWh/a for water heating, giving a total of 9,652 kWh/a.

(b)
Quoted SAP rating of 86 (Ref. C1), equivalent to a useful annual energy demand per building of 5,069 kWh/a for space heating and 4,167 kWh/a for water heating, giving a total of 9,236 kWh/a.

(c)
Quoted SAP rating of 85 (Ref. C1), equivalent to a useful annual energy demand per building of 5,694 kWh/a for space heating and 3,125 kWh/a for water heating, giving a total of 8,819 kWh/a.

(d)
Quoted SAP rating of 91 (Ref. C1), equivalent to a useful annual energy demand per building of 3,056 kWh/a for space heating and 8,333 kWh/a for water heating, giving a total of 11,389 kWh/a.

(e)
Based on a specific useful energy consumption of 329 kWh/m2 a for a well-insulated residential home (Ref. C2), with a breakdown of 60% for space heating and 40% for water heating.

(f)
Based on a specific useful energy consumption of 71 kWh/m2 a for a well-insulated office (Ref. C3).

(g)
Based on a specific useful energy consumption of 113 kWh/m2 a for a well-insulated social club (Ref. C4).

(h)
Assuming space heating provided for 8 hours per day and 7 days per week for a heating season of 20 weeks per year, and water heating provided for 24 hours per day and 365 days per year.

(i)
Assuming space heating provided for 24 hours per day and 7 days per week for a heating season of 28 weeks per year, and water heating provided for 20 hours per day and 365 days per year.

(j)
Assuming space heating provided for 8 hours per day and 5 days per week for a heating season of 28 weeks per year.

(h)
Assuming space heating provided for 12 hours per day and 5 days per week for a heating season of 20 weeks per year.
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APPENDIX D:
HEAT LOAD ASSESSMENT FOR THE WOOD-FIRED COMBINED HEAT AND POWER DISTRICT HEATING SCHEME
	No.
	Building Name
	Altitude(a)
(m)
	Peak

Demand(b)
(kW)
	Annual Energy Use(c)
(MWh/a)
	Energy Type(d)
	Energy Use(e)

	  1
	M & J Polymers
	35
	3,853
	7,585
	G
	P(f)

	  2
	Dearne Valley Leisure Centre
	15
	  195
	1,161
	G
	L,S,W

	  3
	Strafforth House
	43
	  303
	   963
	G
	S,W

	  4
	Fullerton House School
	30
	    66
	   148
	G
	S,W

	  5
	Kwik Save Supermarket
	19
	    43
	   756
	E
	R

	  6
	Netto Supermarket
	14
	    25
	   218
	E
	R

	  7
	Shopping Area(g)
	14
	    64
	(h)
	G
	S,W

	  8
	Denaby Main Primary School
	19
	  152
	   198
	C
	S,W

	  9
	Sure Story Book House
	20
	    56
	     71
	G
	S,W

	10
	Four Seasons Care Centre
	20
	  111
	   305
	G
	S,W

	11
	Tom Hill Youth Club
	28
	    63
	     71
	G
	S,W

	12
	St. Albans Catholic School
	28
	  239
	   311
	G
	S,W

	13
	Balby Street Junior/Infant School
	37
	  152
	   198
	C
	S,W

	14
	Harrogate Drive Communal Hall
	43
	     3
	    18
	G
	S,W

	15
	Denaby Community Care
	23
	     3
	    18
	G
	S,W

	16
	Braithwell Walk
	20
	    14
	    14
	G
	S,W

	17
	Thryburgh Court
	37
	    43
	   137
	G
	S,W

	18
	Myndon Walk
	27
	     2
	      8
	C
	S,W

	19
	Sure Start Book Store
	14
	    19
	    25
	G
	S,W

	21
	Northcliffe School
	81
	1,638
	2,128
	G
	S,W

	22
	Rowena Infant & Nursery School
	82
	  115
	   150
	C
	S,W

	23
	Gardens Lane Health Centre
	83
	     7
	      8
	G
	S,W

	24
	Ivanhoe Community Centre
	83
	    40
	    56
	G
	S,W

	25
	Morley Place Junior School
	81
	  274
	   356
	C
	S,W

	26
	Rowena House
	81
	    88
	   482
	C
	S,W

	27
	Elm Green Day Centre
	68
	    53
	   108
	G
	S,W

	28
	Conisbrough Library
	68
	    47
	    96
	G
	S,W

	29
	Station Road Primary School
	26
	  174
	   226
	G
	S,W

	30
	Athelstane Special School
	83
	  304
	   395
	C
	S,W

	31
	Conisbrough Depot
	48
	    35
	    34
	G
	S,W

	32
	Conisbrough Castle
	47
	    29
	    60
	G
	S,W

	33
	The Place Youth Club
	58
	    54
	    61
	G
	S,W

	34
	Conisbrough Social Education
	76
	  277
	   640
	C
	S,W

	35
	Denaby Avenue Communal Hall
	81
	    10
	    31
	G
	S,W

	36
	Ravenfield Lodge
	81
	    56
	   308
	C
	S,W

	37
	Ivanoe Primary School
	77
	    10
	    20
	O
	S,W


Notes
(a)
Height above sea level.

(b)
Estimated peak delivered energy demand.

(c)
Annual delivered energy consumption.

(d)
C = coal, E = electricity, G = natural gas, O = heating oil

(e)
L = swimming pool heating, P = process heating, R = refrigeration, S = space heating, W = water heating.

(f)
Heat at 80oC to 80oC for polymer processing.

(g)
Various shops with accommodation in the centre of Denaby.

(h)
Not recorded.

APPENDIX E:
DISTRICT HEATING NETWORK APPRAISAL

Analysing the list of potential connections, it was clear that a number of key customers were needed in order that a meaningful system could be constructed.  In the experience of OSL, buildings with a heat demand of less than 100 kW have little prospect for connection without some form of financial intervention.  The idea that two or three connections could be considered (the original core scheme consisting of M and J Polymers, the Dearne Valley Leisure Centre and the Kwik Save supermarket) was soon quashed.  M and J Polymers are clearly, an absolute necessity and at least one other large customer was needed.  In reality, none of the buildings highlighted could be considered large enough to justify the capital investment in pipework.  It is necessary that M and J Polymers would have to be considered a customer and charged at a similar rate to other users.  The Dearne Valley Leisure Centre could not really be considered because of two factors; the necessity for crossing the railway line and the apparent lack of other connections either en route or in the vicinity of this building.  The supermarket was not deemed to be a suitable customer due to the nature of heat load, that is, short, sharp demand for heat in the morning followed by little or nil heat take thereafter, notwithstanding the very low load.

With the exception of any future potential demand in the Denaby Industrial Estate, which could not be predicted, the area to the north of M and J Polymers does not provide any scope for a pipework route.  It was also possible to eliminate, immediately, virtually all connections whose load was less than 100 kW.  The area around the market seemed to have a small pocket of load but only the Denaby Main Primary School, the Sure Story Book House and the Four Seasons Care Centre could be considered.  The only other load of note is the Northcliffe School, which is sufficiently large enough to help extend the pipework. This in turn will allow all of the larger of the buildings en route to be picked up.  The drawing indicates a route for the pipework, the lighter hatched eliminated buildings and those potential connections, highlighted (see Appendix F).  M & J Polymers is obviously key to the development and by virtue of its location, will generally have to subsidise the overall project.  With this premise, it has been possible to develop a working route.  The potential inclusion of Northcliffe School extends the pipe to Conanby and closer to Conisbrough.  This could provide an opportunity to extend the pipe further if additional suitable loads are available.  The proposed connections for the basic district heating network are summarised below with details of the difference in altitude between each building and the possible site for the combined heat and power plant, and the peak district heat demand, heating period and annual district heating consumption for each building.

	No.
	Building Name
	Altitude Difference

(m)
	Peak

Demand

(kW)
	Heating Period

(hrs)
	Annual District Heat

(MWh/a)

	  1
	M & J Polymers
	  0
	3,853
	1,968
	5,688

	  3
	Strafforth House
	  8
	  303
	3,178
	   584

	  4
	Fullerton House School
	  5
	    66
	2,244
	    90

	  8
	Denaby Main Primary School
	16
	  152
	1,299
	   120

	  9
	Sure Story Book House
	15
	    56
	1,260
	     42

	10
	Four Seasons Care Centre
	15
	  111
	2,743
	   184

	11
	Tom Hill Youth Club
	  7
	    63
	1,124
	     43

	12
	St. Albans Catholic School
	  7
	  239
	1,300
	   188

	13
	Balby Street Junior/Infant School
	  2
	  152
	1,299
	   120

	21
	Northcliffe School
	46
	1,638
	1,299
	1,289

	22
	Rowena Infant & Nursery School
	47
	  115
	1,304
	    91

	Totals
	-
	6,748
	-
	8,438


The lack of numbers of buildings means that a high diversity factor has to be considered in the pipework design.  As a consequence of this and because the school is a large load at the end of the system, pipe sizes differ little throughout the proposed network.  This has benefits in that, as additional loads are added, the pipework has inherent capacity for future expansion.  Nominal pipe sizes have been considered but the elemental cost of pipework is a small percentage of the overall costs.  The scheme could accommodate larger pipes if it was thought additional loads could be brought on at a later date.  At this stage, conventional district heating pipework has been assumed for all calculation and costing purposes.  This pipework is the standard Alstom pipework system and is certainly not the cheapest system available but it is considered the best.  Alternate systems should be considered especially as the initial number of branch connections is small.  ‘Flexible’ pipework systems such as Brugg’s “Pipe2000” uses a corrugated pipe design which allows coils of up to 200 m to be installed, dramatically reducing the cost of the mechanical works.  However, this pipework is more expensive than others and extended lengths of trench need to be excavated.

The pipework for the prospective district heating scheme has been designed for the following conditions:


Flow temperature

= 100°C

Return temperature

= 65°C


System pressure

= 10 bar


Operating (static) pressure
= 70 m

Apart from the relative locations of suitable heat loads, the siting of the combined heat and power plant depends on the area that it will occupy.  In addition to the space required for the actual wood-fired combined heat and power plant, chippers, storage silo and cooling towers, sufficient space will be required for the ancillary equipment necessary for the correct running of the district heating network.  The areas required for this ancillary equipment are as follows:


Boilers



= 44m2

Pumps and inverters

= 32m2

Pressurisation system

= 14m2

Control and electrics

= 10m2

Water treatment

=   8m2
It is imperative that sufficient boiler capacity is available to provide heat to the network when the combined heat and power plant is not available.  Applying similar thinking as that with pipe sizing, the boiler capacity need not necessarily cater for all coincidental peak loads.  In this instance, two stand-by boilers rated at 3,000 kW each would need to be provided at the outset, with space and equipment made available for a third boiler.  As such, eventual total boiler capacity of 9,000kW would be able to cater to a total connected peak load of about 13,200 kW after load diversification has been considered.

In order to operate the district heating network, circulation pumps would need to overcome a developed pressure of 3.92 bar at peak load and at a flow rate of 13.580 kg/s.  These conditions require a pump with a motor rated at about 75 kW.  

To ensure continuity of supply, a second identical pump should be installed.  Each pump should be considered a duty pump and the total annual pumping should be shared.  Each circulating pump should be installed with a variable speed drive.  This will enable electrical savings, over fixed speed pumps, of 40 - 45%.  The pressures in the pipework will be controlled reducing the effect of pressure shocks which are proven to reduce the working life of the pipework.

The position of the circulation pumps, adjacent to M & J Polymers and the highest connection point, at Northcliffe School, creates a net difference in height of 47 m.  This has to be overcome with the use of pressurisation pumps.  Although the system volume is relatively small, thermal expansion still needs to be included.  The volume of the pipework indicated is calculated at 10 m3.  Assuming that the total volume expands between 50°C and the design conditions of each flow and return, the expandable volume can calculated as 0.34m3.  Storage for this small volume is very simple.  It is advised that the storage volume be oversized to act as a small accumulator.  A 10m3 vessel could provide approximately 67 minutes of peak load.  The pressurisation pumps need to be sized to provide a static pressure of 70m to overcome the net difference in height and sufficient pressure to avoid water in the return pipe vapourising at low pressure.  The small volume of water in the network and the presumably-good water quality means that a very small, uncomplicated water treatment system is required.  A basic PC-based control system would be sufficient for a district heating network of this size.  A PLC system would provide the same functionality but cost three times as much.  All the relevant control loops can be accommodated by the PC-based software.

The total capital costs for the district heating network and ancillary equipment are summarised below:


Pipework installation (incl. civil engineering)

= £1,106,000


Boilers (x2)





= £   112,000


Circulating pumps (x2)



= £     64,000


VSD (x2)





= £     12,000


Pressurisation system




= £     24,000


Water treatment




= £       6,000


Control system




= £     68,000


Heat meters
(x11)




= £     13,200


Heat exchangers (designed and installed)

= £     56,700


Total






= £1,461,900

Operating costs can be identified for the technical aspects of the network.


Pumping





= £   4,200


Back-up energy




= £ 11,000


Water treatment




= £      850


District heating pipeline maintenance


= £   9,850


Boiler maintenance




= £   2,800


Pump maintenance




= £   3,200


Control system




= £   3,800


Total






= £ 35,700

The maintenance costs can be seen to represent a marginal cost of the heat supplied of approximately £4.82/MWh.  It is important that the other operational costs are included in assessment of the economic feasibility of this scheme and certain assumptions for the operational regime, derived from SHU data, have been included. These costs add a further £4.02/MWh to the marginal cost.  The scheme viability is hugely sensitive to heat consumption.  Analysis of the figures shows that M & J Polymers is by far the largest potential consumer and its existence throughout the life of the contract, as a vital contributor to income, can not be emphasised enough.  A prudent approach has been adopted to the evaluation of the total heat load and annual district heating consumption.  In particular, based on OSL experience, the estimates used here have been adjusted down from the original values provided by SHU.  Based on an average heat sales price of £22.52/MWh, a series of calculations has indicated that the scheme has very marginal economic viability and would have to be considered as a functioning project over a 30 year period, possibly beyond the life of the combined heat and power plant.  Clearly, if the local heat market can withstand a higher price, say £25/MWh, then economic feasibility would improve significantly.

APPENDIX F:
SITE PLAN OF CONISBROUGH AND DENABY DISTRICT HEATING SCHEME
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