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1. SCOPE OF STUDY 
 
Combined Heat and Power (CHP) enables the production of heat and power from a single source. 
Normally it uses waste heat produced as a result of electricity generation. It is a highly efficient 
process and small scale CHP typically converts 30% fuel in to electricity and 50% in to heat. This 
electricity and heat can be used at source or locally, such as community housing or can be sold 
back to the grid. Both scenarios offer commercial opportunity for business development. 
 
Wood fuel has the most significant positive effect on employment and income for rural 
communities and using wood as an alternative, renewable fuel for CHP in place of the natural gas 
that is typically used allows a scheme to qualify for additional support under Renewables 
Obligation. 
 
This study researched and trialled a small scale1 wood-fuelled CHP business development model 
for application in rural Powys, Mid Wales. The model focuses on the financial viability of CHP 
technology with reference to local community and business situations and also local constraints 
and resources.  
 
Based in Powys, which possesses significant forest resources2 and boasts one large timber mill, 
the study selected appropriate biomass CHP technology in the range 100kWe (electrical power 
output) (200kWth (heat output)) to 500kWe (2.6MWth).  Small scale biomass CHP is cutting edge 
technology with less than 10 years market history.  There is much greater European expertise and 
track record in biomass CHP of 1.6MWe upwards. 
 

 
2. SUMMARY OF RESULTS  
 
The study concluded that the financial viability of biomass CHP in Powys is highly dependent on 
a number of critical variables.  Most of these variables relate to the type of business linked to the 
development and its geographical location.  Access to low value biomass resource and high value 
heat revenues are the most critical factors. 
 
The conclusions have been drawn from spread sheet analysis of profit and rates of return.   These 
are detailed in Annex 4 (Financial Analysis). 
 
 
 
 
 
 
 
 

                                                
1 This report defines: small scale biomass CHP as 80kWe to around 3MWe, medium scale up to 50MWe, large scale over 
50MWe, micro CHP as under 80kWe.  
2 Generally speaking, this study has considered forest and timber processing co-product (or waste) chipped material at 
20% to 60% moisture content as the primary feed stock.  Short rotation coppiced willow or other energy crops could also 
be used to supply at least part of the mix. 
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KEY SUCCESS 
CRITERIA 

DEFINED BY 
ASSUMPTIONS 
REQUIRED 

LOCATION 
SPECIFIC 

Cost of fuel stock 
 

Location & business type NO YES 

Availability of fuel stock 
 

Location & business type NO YES 

Heat price 
 

Market, location & business type YES YES 

Availability of heat load 
 

Location & business type NO YES 

Power Purchase Agreement 
(PPA) around 7p to 9p/kWh 

 
Market  

(depends on steadiness of ROC values) YES NO 
 
 

The model allows us to calculate the rate of return on as many scenarios as we care to define. 
 
 
Total net profit   
Total capital investment        =  rate of return on capital 
 
Having trialled the model in several scenarios for both Talbotts and Turboden CHP plant (see 
Annex 1 for details), the key success criteria (above) were identified along with specific sets of 
circumstances in which both appear to be viable business propositions. 
 

BEST SCENARIO  
In commercial terms, the best scenario calculated was a Turboden 500kWe CHP system over 15 
years showed potential for accumulated net profit to be over £7 million with a return on capital 
employed of between 4.6 and 8.7 (depending on level of grant support).  The model’s main 
assumptions included: 
 
 

�  500kWe  
�  8.35pkWh PPA 
�  £12 tonne for wood fuel (value of waste timber at mill site) 
�  3p kWh heat value (value of heat for on-site use, e.g. timber kilns) 
�  8000hrs operation annually 
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D - ANNUAL INCOME after Corporation Tax @ 19% 436105.652 
E - ACCUMULATED NET PROFIT OVER 15 YEARS 7713958.87 
  
Rated CHP electrical output kWe 500 
Operational hours a year 8000 
Rated heat output kWth 2300 
ANNUAL ELECTRICAL OUTPUT 4000000 
ANNUAL HEAT OUTPUT 18400000 
Price £ per kWe ELECTRICITY PPA 0.0835 
Price £ per kWth potential HEAT PRICE 0.03 
  
ANNUAL ELECTRICITY SALES POTENTIAL 334000 
ANNUAL HEAT SALES POTENTIAL 552000 
  
Cost £ per tonne of wood fuel feedstock 12 
Tonnes per hour used by biomass boiler 2 
ANNUAL COST OF FEEDSTOCK 192000 
  
DEPRECIABLE EXPENDITURE 1,428,814 
TOTAL CAPITAL EXPENDITURE 1663814 
RETURN ON CAPITAL EMPLOYED 4.63631083 
CAPITAL EXPENDITURE LESS GRANT  886783 

 
 

3. CONCLUSIONS - CHP FOR RURAL POWYS? 
 
The model found that in the right circumstances, small scale biomass CHP can be financially 
viable in rural Powys.   
 
With the Turboden CHP unit, the defining factors are low value feed stock along with making 
valuable use of the heat in on-site timber processing kilns.  This is ideally suited to the largest 
timber mill in Powys and could be a lucrative commercial proposition for them, particularly with 
some capital support which may be necessary as incentive.   
 
The much smaller Talbott’s CHP unit also depends on having a high value for the heat produced 
(modelling based on the Centre for Alternative Technology’s proposed CHP project suggest that a 
value of 4p kWh thermal is insufficient to make the project economically viable (at 5p it begins to 
work and at 6p it is arguably lucrative). 
 
In the small scale biomass CHP range, at least two other systems may well also prove economic if 
full data was modelled: the UK based Biomass Engineering’s 250kWe; and, the Finnish 
Wartsila’s 2MWe). 
 
 
TURBODEN 500kWe 
 

·  Turboden CHP units are certainly market ready and both heat and electricity outputs can 
be reliably predicted.   

 
·  For the UK market, they are likely to require capital support initially to demonstrate 

application in the British economic and regulatory context. 
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·  The ideal scenario is timber mill with own waste wood resource plus high nearby heat or 

cooling load (e.g. kilns for timber drying, brewery, dairy or large scale food producer). 
 
 
TALBOTT’S 100kWe 
 

·  The smaller Talbott’s CHP unit also becomes economically viable given specific 
conditions.  

 
·  Where heat output is valued highly (e.g. it may be replacing LPG at 6pkWth), it may be 

economic even with relatively high value fuel costs (e.g. between £40 and £70). 
 

·  Talbott’s CHP equipment is ripe for rigorous testing in applied market conditions 
(appropriate for farms, colleges, schools, offices, rural and peri-urban business parks).   

 
·  Capital support for a number of demonstration and flag-ship projects is recommended (but 

where they offer optimum conditions in terms of the success criteria identified). 
 
 

ANNEX 1 – CHP SYSTEMS ASSESSED 
 
Only two systems were considered in detail. 

 
 
TALBOTTS 100KWe CHP 
 
The first non-prototype 100kWe unit was installed in Harper Adams College, December 
2005 and has been running “as well as anticipated … continuously since then.”     The next 9 or 10 
systems are to be sold for around £350,000 with boiler system.   Price has varied and steel costs 
have risen, but this is what this pioneering UK manufacturer is aiming for.   Delivery lead time is 
said to be 6 months. 
 
Key points: 

·  100kWe with 200kWth 
·  limited operational results 
·  almost market ready 

 
The Centre for Alternative Technology is considering installing a Talbott’s CHP unit for its new 
environmental conference construction project.  This option is analysed in Annex 4. 
 
According to the manufacturer, performance (calculated with wood fuel at 20% moisture) 
suggests the boiler requires 100kg wood fuel an hour, and that1kg of wood fuel converts into 
1kWe and 2kWth. 
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TURBODEN 500kWe CHP 
 
Turboden, an Italian manufacturer, have a strong track record, par ticular ly in German 
speaking Europe, and can demonstrate good efficiencies.  Delivery lead time is said to be 6 
months. 
 
Key points: 

·  smallest unit in production 500kWe with 2.3MWth 
·  good operational results 
·  market ready 
·  prototype development since 1992  
·  36 CHP plants from biomass now in operation 
·  over 98% availability from plants in operation 
·  over 350,000 operating hours completed 
·  range 500kWe to 2MWe 

 
The Turboden CHP unit (based on an Organic Rankine Cycle) is not supplied turnkey.  The 
biomass boiler, thermal oil loop and flu gas cleaning system have to be sourced and commissioned 
separately. The minimum total cost of a Turboden system is around £1.6 million, but in reality 
may well be significantly higher.    
 
With biomass CHP, heat and power  revenue plus low cost fuel stock are much more 
impor tant factors than capital cost in the overall business equation. 
 
 

ANNEX 2 – HEAT LOADS 
 
The ability to sell or place a value on the heat produced is vital to the financial viability of small 
scale biomass fired CHP.  Research indicated a number of options in rural Mid Wales. 
 
Key points: 

·  BSW timber processing mill (new kilns requiring 2MWth or more) 
·  A handful of dairies, and food producers (2MW to 5MW heat loads) 
·  Teifi Timbers (sells 10,000t a year to wood waste at around £18t delivered.  It 

costs around £8t to deliver - net income around £10).   
 
Other town-based options have potential but require significant additional investment in 
retrofitting district heat main infrastructure. 
 
 
YSTRADGYNLAIS 
 
The town of Ystalyfera (near Ystradgynlais) has the potential for a biomass fired community 
heating system and has been investigated by Arup Energy to an outline stage which provides a 
clear view of the likely investment opportunity.  The main expense would be a heat main linking 
homes with school and swimming pool (the school is a relatively large comprehensive and the 
swimming pool helps with the peak load and also seasonal load profile). 
 
Ystradgynlais offers a 2.2MW combined heat load with district heat main (DHN) required for 
Maesyderwen School, leisure centre, the hospital and 100 potential domestic consumers.  A 
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follow-up study by Dulas suggests that the Arup study is over-optimistic about the CHP potential 
and the DHN option.  Dulas recommend instead a 220kW heat only boiler for the hospital (which 
presently has a 480kW gas boiler).  Dulas say substantial fuel savings could be made and that with 
a 50% capital grant, payback would be around 8 years. 
 
 
MACHYNLLETH HEAT LOAD SURVEY3 
 
The town of Machynlleth, near the Centre for Alternative Technology, has limited industrial heat 
requirements.  Taken together, however, schools, leisure centre, commercial and domestic sector 
offer a theoretical combined peak heat load of some 9MWth. 
 
 

Machynlleth 
Heat Loads 

Treowain 
Industrial 

Estate 
Other Non-
Domestic Domestic Total  

Peak Heat Load 724 2,807 5,623 9,153 kW 
Annual Heat Energy 
Needs 3,087 7,478 23,718 34,284 MW hrs 

                                                
3 Data from the Ecogen Study, 2002 (Powys Energy Agency Ltd.) 

Clusters
Total Annual 

Demand 
kWhs

Percentage 
of Total

Average 
kW

Tonnes 
per day 
20% MC

Tonnes 
per day 
40% MC

Tonnes 
per day 

100% MC

Penglais Campus 22,099,385 33.9% 2521 12.4 14.6 21.6
Penglais District 19,681,265 30.2% 2245 11.0 13.0 19.2
Plascrug 3,822,461 5.9% 436 2.1 2.5 3.7
Plascrug Plus 227,525 0.3% 26 0.1 0.2 0.2
Industrial Estate 12,924,650 19.8% 1474 7.2 8.5 12.6
Llanbadarn Campus 4,266,893 6.5% 487 2.4 2.8 4.2
Pier Seafront 2,141,191 3.3% 244 1.2 1.4 2.1

65,163,370 100.0% 7,434 37 43 64
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ANNEX 3 – FINANCIAL ANALYSIS 
 
Various scenarios were tested utilising the economic model developed in a spread sheet format4.   
   
 
The main variables were: 
 

�  Power Purchase Agreement (PPA) price 
�  Heat price 
�  Wood fuel cost 
�  Number of operational hours a year 

 
The model also permits inputting of equipment kWe (electrical power output) and kWth (heat 
output) ratings, as well as total capital expenditure, depreciable expenditure and loan repayments.  
Depreciation and Small Companies Corporation Tax rate have been calculated into the bottom line. 
 
 
For ease of reading, each table reproduced is incomplete (only showing the first few years of a 15 
year spread); most totals reflect the full 15 year period. 
 
 
TABLE 1 – on page 9 – calculates a TALBOTT’S 100kWe theoretical model based on a value of 
6p kWh value for heat (i.e. off-setting LPG) and a wood fuel cost of £65 per tonne.  This scenario 
depicts options for the Centre for Alternative Technology, where the alternative to biomass heat is 
LPG, yet they wish to buy fuel from woodlands within 3 miles.  This keeps road-miles and 
associated life-cycle emissions low, but the anticipated cost is high at £65 tonne. 
 
 
TABLE 2 – on page 10 – calculates a TURBODEN 500kWe theoretical model based on a timber 
mill scenario where heat is only valued at 3p kWh wood fuel is valued at £12 per tonne.  This 
scenario is possible where there is sufficient waste wood resource and on-site use for the heat. 
 
 

                                                
4 The spread sheet model can be accessed via the GLASU, Leader+, website: www.glasu.org.uk. 



Development of Wood-fuelled CHP Business Model for Rural Powys 

Dilwyn Jenkins www.zenco.co.uk for GLASU LEADER+, December, 2006 9 

TABLE 1 
 
TALBOTTS 100kW (8.35p / £65t /  
6p/kWth) YR 1 YR 2 YR3 
     
ANNUAL RECEIPTS (2% inflation)    
Sale of electricity  66800 68136 69498.72 
Income from heat sales  96000 97920 99878.4 
    
ANNUAL PAYMENTS / EXPENSES    
Capital loan repayment 44175.6 44175.6 44175.6 
No Heat Main required    
Insurance 1,500 1,530 1,561 
Maintenance & service CHP 5,000 5,100 5,202 
Maintenance, heating and thermal oil plant 6000 6120 6242.4 
Maintenance, distribution system 1000 1020 1040.4 
Land rental 0 0 0 
Legal costs 1000 1020 1040.4 
Labout costs 20000 20400 20808 
Management & admin 5000 5100 5202 
Business rates 900 918 936.36 
Consumables (power, water etc) 800 816 832.32 
Feedstock @ £20 tonne (60% moisture or better) 52,000 53040 54100.8 
    
A - TOTAL GROSS REVENUE 162,800 166,056 169,377 
    
B - TOTAL EXPENSES (2% inflation) 137375.6 139239.6 141140.88 
    
C - ANNUAL GROSS PROFIT (A-B) 25,424 26,816 28,236 

625,000 28333.3333 28333.333 28333.333 
D - ANNUAL INCOME after Corporation Tax @ 19% 20593.764 21721.284 22871.354 
E - ACCUMULATED NET PROFIT OVER 15 YEARS 438200.132   
    
Rated CHP electrical output kWe 100   
Operational hours a year 8000   
Rated heat output kWth 200   
ANNUAL ELECTRICAL OUTPUT 800000   
ANNUAL HEAT OUTPUT 1600000   
Price £ per kWe ELECTRICITY PPA 0.0835   
Price £ per kWth potential HEAT PRICE 0.06   
    
ANNUAL ELECTRICITY SALES POTENTIAL 66800   
ANNUAL HEAT SALES POTENTIAL 96000   
    
Cost £ per tonne of wood fuel feedstock 65   
Tonnes per hour used by biomass boiler 0.1   
ANNUAL COST OF FEEDSTOCK 52000   
    
DEPRECIABLE EXPENDITURE 625,000   
TOTAL CAPITAL EXPENDITURE 500,000   
RETURN ON CAPITAL EMPLOYED 0.87640026 1.0369147  
CAPITAL EXPENDITURE LESS GRANT  422600   
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TABLE 2 
 

TURBODEN 500kWe (6p / £20t ) YR 1 YR 2 YR3 
    
ANNUAL RECEIPTS (2% inflation)    
Sale of electricity  334000 340680 347493.6 
Income from heat sales  552000 563040 574300.8 
    
ANNUAL PAYMENTS / EXPENSES    
Capital loan repayment 92697.96 92697.96 92697.96 
No Heat Main required    
Insurance 2,000 2,040 2,081 
Maintenance & service CHP 10,200 10,404 10,612 
Maintenance, heating and thermal oil plant 1000 1020 1040.4 
Maintenance, distribution system 1000 1020 1040.4 
Land rental 0 0 0 
Legal costs 1000 1020 1040.4 
Labout costs 30000 30600 31212 
Management & admin 15000 15300 15606 
Business rates 1200 1224 1248.48 
Consumables (power, water etc) 1500 1530 1560.6 
Feedstock @ £20 tonne (60% moisture or better) 192,000 195840 199756.8 
    
A - TOTAL GROSS REVENUE 886,000 903,720 921,794 
    
B - TOTAL EXPENSES (2% inflation) 347597.96 352696 357895.9 
    
C - ANNUAL GROSS PROFIT (A-B) 538,402 551,024 563,898 

1,428,814 81920.9333 81920.93 81920.93 
D - ANNUAL INCOME after Corporation Tax @ 19% 436105.652 446329.5 456757.8 
E - ACCUMULATED NET PROFIT OVER 15 YEARS 7713958.87   
    
Rated CHP electrical output kWe 500   
Operational hours a year 8000   
Rated heat output kWth 2300   
ANNUAL ELECTRICAL OUTPUT 4000000   
ANNUAL HEAT OUTPUT 18400000   
Price £ per kWe ELECTRICITY PPA 0.0835   
Price £ per kWth potential HEAT PRICE 0.03   
    
ANNUAL ELECTRICITY SALES POTENTIAL 334000   
ANNUAL HEAT SALES POTENTIAL 552000   
    
Cost £ per tonne of wood fuel feedstock 12   
Tonnes per hour used by biomass boiler 2   
ANNUAL COST OF FEEDSTOCK 192000   
    
DEPRECIABLE EXPENDITURE 1,428,814   
TOTAL CAPITAL EXPENDITURE 1663814   
RETURN ON CAPITAL EMPLOYED 4.63631083 8.698812  
CAPITAL EXPENDITURE LESS GRANT  886783   
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ANNEX 4 – PPA AND THE VALUE OF GREEN HEAT 
 
 
POWER PURCHASE AGREEMENT STRUCTURE 
 

1. Power produced which is bought by electricity suppliers (kWh) 
2. ROCs (Renewable Obligation Certificates) which are bought by    
  electricity suppliers (usually with the electricity but sometimes alone) 
3. Levy Exemption Certificates (Climate Change Levy Exemption    
  Certificates) 

 
As part of the research for this project, Good Energy made a formal indicative offer for a specific 
CHP option at a total of 8.35p per kWh for a 10 year period (first 3 years fixed).    
 
 
HEAT VERSUS CHP ISSUE  
 
There is certainly some justification for claims that biomass heating offers better £/CO2 saved than 
biomass CHP.  Furthermore, biomass heat-only technology is more advanced in the UK and 
therefore able to provide a dispersed solution more or less instantaneously.  Nevertheless, CHP 
can provide robust commercial opportunities at large scale and, in the right circumstances, small 
to medium scale.  Both heat and CHP should clear ly be encouraged and facilitated to 
maximise oppor tunities and accelerate actions towards achieving RES and CO2  targets. 
 
This issue is supported by the UK Government in its Report to the European Commission on 
Biofuels.  Referring to the Government action plan (in response to the UK Biomass Task Force 
Report) published by the UK Government on 27 April 2006, it says: “ the main argument of the 
Task Force Report - that biomass is particularly suited for generating heat - was accepted by the 
Government, though the action plan makes clear that electricity generated from biomass and 
combined heat and power (CHP) are also important parts of its future” .  

A major limiting factor for both biomass CHP and heat is likely to be the availability of raw 
material.  The wood fuel supply chain is still in its infancy in the UK.  Our forest resources are 
small and limited in comparison to those European countries which have developed modern 
biomass technology over the last 20 years or so.   Whilst energy crops can provide part of a 
flexible solution to this issue, environmental and food-secur ity concerns need to be taken into 
account when estimating available biomass resource.   Rapid growth in demand for biomass 
could also impact on the market by raising the price per ton beyond the reach of traditional users.  

 
CHP VERSUS POWER ONLY ISSUE 
 
The new 44MWe Biomass CHP plant at Lockerbie, despite being an excellent development in 
many other ways, has no plan to use the heat produced.  The single main reason for  lack of 
commercial interest in utilising heat is the cur rent lack of financial incentive or  recognition 
for  renewable heat.  It is not included within the Renewable Obligations system or any 
comparable financial policy instrument.  If such a system were applicable to heat production, then 
plants like Lockerbie would be stationed close to heat markets (e.g. industrial sites and towns), 
thereby maximising efficiency and optimising on CO2 emissions savings. 
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ANNEX 5 - NOTES ON AUTHOR OF REPORT 
 
The author/researcher of this report (Dilwyn Jenkins) has significant experience of developing 
biomass at the community scale.  As Executive Director of Powys Energy Agency (2000 to 2004), 
he was responsible for initiating the 500kW wood chip village heating scheme with retrofit district 
heating main at Llanwddyn, Mid Wales (supported by the Community Energy Programme).  This 
Energy Agency led several pioneering initiatives in the field of community renewable energy and 
in 2002 its work attracted a CTO Award to the County of Powys from the European Commission. �
He also conceived, co-ordinated and hosted the European Green Heat Conference (supported by 
the EC’s Altener Programme, the Welsh Development Agency and the Forestry Commission).  
The first conference of its kind in the UK, it focused on cutting edge developments in renewable 
energy. Papers were presented on the best technical options for heating homes, offices, public and 
commercial buildings.  Presentations include speakers from Poland, Austria, Finland and Sweden 
as well as Wales and the UK.  Over 100 delegates attended the conference.  The conclusions of 
this conference included the need for Government to recognize the importance of heat from 
biomass in meeting CO2 reduction targets. 
 

ANNEX 6 - NOTES ON GLASU, THE LEADER+ PROGRAMME 
IN POWYS 
 
Glasu is the LEADER+ Programme in Powys. LEADER+ pilots innovative approaches to rural 
development to help to promote more sustainable communities in rural areas.  
 
There are seven LEADER+ Programmes in Wales and all LEADER+ Programmes have the same 
principles in that they work through: 
 

·  Partnership with other organisations in their areas; 
·  Piloting new approaches to rural development; 
·  Supporting people who have ideas that they would like to develop at the grass roots level; 
·  Joint working with other organisations to develop projects. 

 
The theme of Glasu is to add value to local products and we work with the following specific 
target groups: 
 

·  Micro and small businesses; 
·  Farming families; 
·  Co-operative working and community groups. 

 
Glasu has three main areas of work: 
 
Energy and Waste – adding value to waste produced in Powys and developing ways in which 
renewable energy can be used in a rural environment, such as wood pellets, transport fuels and 
waste management. 
 
New Harvest – adding value to food products such as locally produced meat by developing new 
products, trialling new food crops from the area and looking at new ways of selling produce from 
Powys. 
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Country Store – adding value to non-food products such as wool, wood and non-food crops. 
 
Glasu supports people to test ideas. Rather than giving grants, Glasu pays for people’s time, for 
the rent of land or premises that are uses in product development or crop trials, research and use of 
laboratory facilities, market research and feasibility studies. The results of projects that Glasu has 
been involved in are published and made available to the general public and related organisations. 


