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Incentivising log stove uptake – page 1 

1. Executive Summary 

Log stoves are at present not in line to be supported by the Renewable Heat Incentive or Green Deal. 

This report investigates whether this financial support should be added, and if so, how it could be 

achieved. 

Research has been carried out into the possible ways that heat output from log stoves could be 

measured, together with assessments of the currently un-used fuel supply for log stoves, and the 

potential for installing these appliances in greater numbers of domestic properties. Wider opinion has 

been obtained both from potential users through use of focus groups, and from heating experts through 

a peer review consultation and presentation. 

1.1. Carbon saving potential 

Supply and demand assessments indicate that there is considerable additional potential. Across Europe, 

the quantity of standing timber is increasing, with harvesting not keeping up with the annual growth. In 

addition, the recovered wood and co-product wood stream contains considerable quantities of timber 

suitable for processing into briquettes suitable for burning on log stoves. 

Assessment of housing stock indicates that there are a great many homes that would be suitable for 

installation of a log stove. Between supply and demand, there is potential for this to reduce UK carbon 

emissions by over 2 million tonnes per year. 

1.2. Stove efficiencies 

Although laboratory tests of efficiency of log stoves can produce results as high as 80%, evidence 

gathered from actual usage indicates that efficiencies in practice are much lower, typically between 25% 

and 50%. This is partly due to low quality wood being used (too wet and/or too large) and to the 

operating regime of the stove, i.e. burning slower and cooler than required for optimal efficiency.  

Users expressed lack of confidence in purchasing fuel, because of uncertainty over quality, weight and 

moisture content. 

An important conclusion is therefore that there is a considerable need for 

a) Some way of offering users more instruction in how to operate their stoves in the most effective 

way. 

b) Ways of giving users more confidence in purchasing fuel. 

1.3. Cost of wood fuel 

Evidence gathered makes it clear that the cost of heat from logs, bought at typical “farm gate” prices, is 

roughly in line with the cost of heat from oil, so logs as a fuel, at open market prices, is not necessarily a 

cheap option. The carbon savings that result from use of wood fuel however means that its use should 

be expanded, especially given the potential availability of fuel mentioned above.  

Given that use of logs is less convenient than oil, for use to increase, the cost of using logs should be 
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considerably less than the cost of oil. This implies that some form of subsidy is required to increase the 

take-up of log fuel.  

Research into means of metering heat output from log stoves confirms existing assumptions that this is 

not a realistic proposition with sufficient accuracy to be useful within a scheme such as RHI. 

However, an alternative methodology is proposed, in which an ESCo is set up to supply log fuel to log 

stove users. By creating a suitable audit trail of fuel purchase and distribution, and audit of the properties 

the fuel is being supplied to, it would be possible to obtain an accurate estimate of the heat being 

produced. In this way, a robust reward scheme for log fuel users could be implemented. We recommend 

that this solution is developed further. 

Such an ESCo could also solve the problems identified above of providing confidence to users for 

purchase of fuel, and provide a means of instructing users in better use of their appliances. 

Log batch boilers are identified as an alternative efficient solution for domestic properties, albeit at higher 

capital cost. These systems will already be eligible for RHI. 

2. Terminology 

Throughout the document, the following acronyms will be used 

RHI Renewable Heat Incentive 

GD Green Deal 

Add ESCo? 

3. Introduction 

Log stoves are a practical way in which many householders could reduce their household carbon 

footprint, either as a supplement to a fossil fuelled central heating system, or as a sole house heating 

solution.  

The government is soon to introduce two schemes to encourage householders to reduce the carbon 

footprint of their houses, the Renewable Heat Incentive, (RHI) and the Green Deal (GD). However, log 

stoves are likely to be excluded from these incentive schemes, because of the difficulties of monitoring 

the heat output from stoves, and the difficulty of checking that sustainable fuel (wood from sustainably 

managed woodlands) is used rather than unsustainable fuel such as unlicensed clear felled woodland, 

or coal. 

The purpose of the research described in this report is to identify whether these difficulties could be 

overcome so that additional incentives could be applied to wood stoves, in order (differentiates this from 

“purpose of the research”) to encourage greater uptake, which would help in the carbon reductions that 

are needed to mitigate climate change. 
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4. Existing commentary on the Renewable Heating Inc entive (RHI) in 
relation to log burning stoves 

Draft documents on phase 2 of the RHI have already been issued and the industry has been consulted 

on this, including whether and how log stoves could be included. DECC have published the comments 

received through this process.  

For this project, these comments have been reviewed to identify issues that have been highlighted by 

other parties. A representative sample of the comments received has been reproduced in Appendix A. It 

should be noted that these comments are not necessarily authoritative, being submitted by any 

individual who wishes to do so. They do however illustrate the issues that are of interest and concern to 

the public and industry experts. 

The main issues raised during this consultation are as follows: 

1. Difficult to measure heat output 

2. Some wood fuel not ‘renewable’ 

3. Multi-fuel stove market saturated 

4. Air heating without using water – excluded 

5. Intermittent versus primary use 

6. Fossil fuel – user interaction 

7. Fossil fuel (ignition process, pumps, fans)  

8. Air emissions – DEFRA Clean Air Act 

9. Perceived low efficiency  

10. Stoves can act as incinerators of many objects other than wood logs 

11. Perverse inflation of wood fuel of market increases beyond supply  

12. Certification of wood burning appliance efficiency  

13. Certification of wood fuel 

14. With/without back boilers  

15. Same wood converted to pellets will burn cleaner  

These have been noted and are commented on in the text of this report. 

5. Outline of the research 

The scope of the research has covered the following areas 

1) The benefits of incentivising log stove installations 

2) Potential wood fuel availability 

3) Potential demand (number of homes suitable for a log stove) 

4) Feasibility of measuring heat output from log stoves 
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5) Feasibility of calculating delivered heat from fuel usage 

6) Organisational solutions for delivering a log stove RHI or GD solution through a social enterprise 

model 

This report will address each of these issues in turn, and these will lead to recommendations about what 

changes can be made in the market to increase uptake of log stoves, whether these are enhancements 

to the RHI and GD schemes, or establishment of new social enterprises to bring support to the market. 

6. The benefits (and disbenefits) of incentivising log stove installations 

Before putting in place mechanisms for increasing the uptake of log stoves, we need to establish 

whether increased numbers of wood stoves would be a good thing, and if so, how much benefit it brings. 

Some of these issues are already raised and discussed in previous commentary (see Appendix A) 

6.1. Benefits 

6.1.1. Reduced Carbon emissions from wood burning 

Wood is regarded as a near carbon neutral fuel. This is because if the timber is from sustainably 

managed woodland, the wood would have decomposed on the woodland floor if it were not used for fuel, 

and hence would release the majority of the embodied carbon into the atmosphere whether or not it is 

collected and burned.  

In the managed woodland, a new tree will grow and take up carbon from the atmosphere, leading to no 

net change in carbon in the atmosphere.  

There can be a negative impact. Many plantation woodlands established in the last century were 

established on peaty soils.  Loss of carbon from storage in these soils as a result of drainage and clear 

felling can be very significant. 

There will also be some carbon emissions originating from the energy used to cut the tree and process 

and transport the logs, but this is small compared to the energy contained in the wood. The carbon 

emissions are therefore not zero, but are very small. 

6.1.2. Logistics of distribution 

Wood fuel has a high energy content, but not as high as coal or oil. It is therefore more bulky and more 

expensive to transport than coal or oil. This leads to log fuel being best suited to local use, where 

transport costs (and associated carbon emissions) will be kept to a minimum. The fuel is generally 

sourced in rural sparsely populated areas, where the predominant form of heating is oil, and wood 

therefore can be used as a convenient local solution to reducing oil consumption. 

6.1.3. User engagement 

A major benefit in the use of a log stove rather than an oil central heating boiler is that the homeowner 

becomes much more aware of their energy use, and will subconsciously behave in a more energy 

efficient way (for instance, by not using heating when it is really not necessary, and by not leaving doors 

and windows open if the heating is on). For this reason, the carbon saving is likely to be far more than 

the simple substitution of a quantity of oil with the equivalent heat value of wood.  
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It was not part of the brief for this research to investigate this quantitatively due to insufficient time, but 

this would be a useful subject for future research. 

6.2. Disbenefits 

6.2.1. Air quality issues 

It is clear that there is an issue with air quality that needs to be addressed. It is understood that log 

stoves have a reputation for the emission of particulates and pollutants and that increased numbers of 

these devices would be detrimental to air quality. 

A major factor in the emissions from log stoves comes from the following factors: 

1) The quality of fuel used 

2) The way in which the stove is used. 

A central feature of the proposals put forward by this project is that these two issues would be 

addressed, both for new installations and for existing stove users.  

The issue of fuel quality is important in relation to log stoves. The fuel market is informal and lacking in 

transparency and quality issues. As a result, a lot of fuel wood purchased and burned has a high 

moisture content, resulting in low efficiencies (and expensive heat) and in increased pollutants being 

emitted.  

The mode of use of the stove also influences the emissions produced. Many users are not aware of the 

best way of using their stove, and as a result, use it in a way that is not effective. We would propose to 

ensure that users that purchase log fuel are also given instruction in how best to use the fuel.  

By putting in place a supply of quality, dry fuel, and providing instruction on most effective use of a stove, 

we would ensure that air quality issues are addressed. 

6.2.2. More efficient appliances 

Log stoves are not as efficient as other systems that use wood as a fuel, i.e. pellet boilers and chip 

boilers. There is therefore an argument that wood fuel should be prioiritised in these higher efficiency 

appliances. Pellets and chips do however have their own characteristics that make them only 

appropriate for particular buildings and feedstocks as described below. 

Chips 

Boilers that burn wood chips can do so at very high efficiency (up to 90% efficiency). This therefore is a 

very effective way of using log fuel.  

Chip boilers are however expensive, and the capital cost effectively restricts this to heating of very large 

buildings or community heating projects.  

The chip does have to be of a high quality with low moisture content, and is only effectively produced 

from reasonably decent feedstock. Chipping of small quantities of feedstock, and twisted or irregular 

material, is unlikely to be economically viable. In summary, chip is a good solution but is not a direct 

competitor for log stoves either in terms of target buildings or ideal feedstock. 

Anecdotal evidence is that chip systems can suffer running problems associated with insufficient fuel 
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quality, either excess moisture of irregularity of the size of the chips. Experience from existing users 

suggests that for some installations, manual intervention may be required from time to time to keep the 

plant running continuously. 

Efficiency in practice, as opposed to efficiency under laboratory conditions, is also a source of concern.  

Pellets 

Pellet boilers can be very efficient (up to 90%) and are ideal for heating domestic homes. They can be 

controlled by a programmer that gives them the flexibility of an oil boiler. 

However, production of pellets is a demanding process and only possible on a large scale – this makes it 

unlikely to ever be an option for local production. Pellets need a feedstock with very low bark content or 

the production of ash will be too high. Production from virgin small diameter timber is unlikely ever to be 

economic because of the bark content and the processing needed to produce the finely ground material 

suitable for pelleting. The ideal feedstock for pellets is sawdust from sawmills, and hence comes from 

the residue stream rather than the virgin wood resource. 

The material suitable for log stoves – small diameter residue from forestry – is therefore unlikely to be a 

suitable for conversion into pellets 

Pellets do require energy to make, but this is only a very small proportion of their energy content, about 

2-4%. Their high energy density makes them a fuel that is far more convenient to transport than logs or 

chips.  

Logs 

As argued above, log stoves are suited to burning a stream of log fuel that is not suited to either pellet or 

chip appliances.  Because of the simplicity, relatively low cost, and tolerance of a wide range of wood 

fuels, a log stove is often the most pragmatic solution for domestic heating.  

An alternative is the log batch boiler. These are more expensive than a log stove, and take more space, 

but offer greater control, and operate at a higher efficiency than a log stove. Batch boilers are already 

eligible for RHI. Where space, finance, and the willingness to do the maintenance required allow, these 

should be promoted as an effective domestic heating solution. 

 

7. Potential wood fuel availability 

The resource available for log fuel has been evaluated both at a local (Powys) and national UK level. 

The full analysis is contained in Appendix B. 

7.1. Log fuel from woodland management 

The picture that emerges is that woodland in the UK is currently producing far less than could be 

achieved by efficient management. Comparing the output to that of woodland that is effectively 

managed, the deduction is that an additional 0.6 million homes in the UK could be heated from wood fuel 

harvested from existing woodlands. 
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There are however significant barriers to this being achieved, including: 

1 The owners of much of the woodland do not view wood fuel as an important income stream, and 

own the woodland for other benefits e.g. shooting revenues. 

2 Competition from other uses of timber, e.g. fibre board market. The demand from these is volatile 

and dependent on exchange rates and levels of economic activity. 

3 Low prices and low profit 

The economic value of the log fuel market has been analysed under a variety of scenarios. 

Based on the simplistic business model of woodland being harvested with the whole crop used as 

firewood, the price of heat has to be broadly similar that that from oil, and hence is not attractive purely 

on price for the householder. (full analysis in Appendix B) 

A similar price is achieved if a landowner was wishing to convert grass keep into woodland and to 

achieve the same income per hectare.  

To make the supply of log fuel into a viable business proposition, the business model would have to be 

sophisticated and finely tuned. The key features would need to include: 

1 Efficient purchasing on a bulk scale of appropriate timber e.g. by tendering at scale 

2 Efficient processing with fully mechanised equipment  

3 Optimal allocation of parts of the tree to final use – i.e. only use for fuel the wood that is unsuited 

to other higher value uses 

4 Cheap drying, storage and distribution facilities 

5 Supplement from other income stream (e.g. RHI or other low carbon reward scheme) to make the 

price attractive. 

6 Use of volunteer/member labour 

Information gleaned from the focus groups indicate that users are interested in taking a more active 

involvement in local production of fuel, but not at the practical level of spending time processing logs. 

This is consistent with the message above, in which the optimal setup would be for harvesting and 

processing to be as fully mechanised as possible to reduce the labour cost of the fuel. It is clear that the 

labour cost is a significant proportion of the cost of logs, and hence the price is minimised by focussing 

on reducing the labour input. 

7.2. Recovered wood and co-product / by-product tim ber 

Potential fuel availability of timber as produced as by-product of manufacturing has not been analysed in 

detail,  but the evidence is that, due to the high volumes of timber imported into the UK for construction 

and manufacturing, the volume of timber potentially available from this source is probably at least equal 

to the volume from home grown woodland.  

These co-products and wood recovered from the waste stream are ideally suited to processing into 

briquettes which are ideal for burning in log stoves, being clean to handle and dry, so burning cleanly 

and efficiently. 
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The predominant cost of producing briquettes is the labour cost, since the raw material has a very low 

value (in the order of £10 per tonne for recovered wood, £20 for co-product and by-product). Improving 

the productivity of this process is key to bringing down the fuel cost. 

7.3. Alternative uses of low value timber 

The wood used for logs is generally the smaller sections that are not suitable for other more valuable 

uses. The larger sections will be used for manufacture and construction etc, with the small sections 

being unsuitable for anything other than fuel and fibre.  However, up to 50% of higher grade timber may 

be converted to co-products during processing.  This is available for use as fuel or fibre. 

As fuel, this material can be used for log stoves, with the alternative being to convert to chip and burned 

in larger chip boilers. Because of the low density, this is best used locally, but, because of ease of 

handling this material is routinely moved over long distances. 

Chip boilers are expensive because of the complicated apparatus needed to feed automatically a fuel 

that is not free-flowing. These boilers are therefore only suitable for large heat users.  

The availability of wood fuel for domestic and small scale industrial applications will depend on a 

complex interaction of factors at a global and local level.  For example, although imports of timber and 

timber products have fallen by 37% since 2008 the effect on home grown mills has been positive.  If mills 

are busy they produce lots of co-products, some of which is used as fuel. 

The demand for particle fibre boards has also increased.  It is a very complex picture made the more so 

by the nature of forestry in this country.  Most of the forestry area is made up of 20th Century plantations 

grown usually as monocultures.  These are very susceptible to pests and diseases as we see now with 

larch and pine.  The result is a sudden feast of woodfuel produced for sanitation fellings to be followed 

inevitably by famine.  

Small scale and seasonal production of fuel cannot meet the stringent specifications of larger users.  

Local markets are more appropriate and log stoves are more forgiving of variability in fuel supply than 

highly mechanised systems. 

7.4. The economics of logs as a fuel, and the level  of support needed to grow the market. 

The following models have been analysed to identify the cost of heat, as a comparison to alternatives 

such as oil. The following are potential ways in which logs could be purchased and delivered. 

Aim: to supply 25 households with mixed fuel usage requiring on average 5m3 or3 odt per 

year.(hardwood). 

7.4.1. Proposition 1 

Purchase or lease a woodland, employ contractors to harvest and extract to roadside and volunteer 

labour to cross cut, split and stack. Volunteers/members collect or deliver. To supply on a sustainable 

basis this will require 30ha of woodland with a sale value approx £300k or a lease value of £7.5kpa. 
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   per m3 per Household 

Lease of woodland.  £7500    £ 60       £300 

Harvest and extract.  £3900    £26       £130 

Tools, fuel etc     £2500    £20       £100 

Total.          £13900    £106       £530 

Cost per kWh of useful heat 7.1p + labour. 

7.4.2. Proposition 2 

Purchase 125 m3 of green hardwood cordwood to a yard with common access and process as above. 

Purchase of timber.   £6250    £50      £250 

Tools, fuel etc      £2500    £20      £100 

 Total           £8750    £70      £350 

 Cost per kWh 4.6p +labour. 

7.4.3. Proposition 3 

Purchase 125m3 logs, cross cut and split by contractors and collected/delivered by volunteers 

 Purchase of logs.     £9375    £75      £375 

Tools, fuel etc.      £1250     £10      £50 

Total.           £10625    £85      £425 

 Cost per kWh 5.7p +labour. 

7.4.4. Proposition 4 

Purchase 80 tonnes of briquettes from sawmill residues in a single contract in 1 tonne bags.. 

Purchase of briquettes £15200 £190 £608 

 Cost per kWh 7.6p 

NB If the briquettes were made with recovered timber the costs could be significantly reduced because 

the sorting of the recovered wood is encouraged by the Landfill tax. If briquettes made from recovered 

timber could be produced for £120 tonne they would produce heat at 5.5p/kWh. The current price of 

recovered wood is less than £10/tonne. 

7.4.5. Proposition 5 

Form a buyer group and offer by tender to purchase an agreed quantity of pre-packed fuel at a fixed 

price, logs or briquettes. The product would need to be tightly specified. There is little evidence of what 

prices would be obtained in this way – this would have to be found out by experience. 

On the basis of local (Newtown) figures, 5.5p/kWh for hardwood is competitive with oil. In other areas 

the cache of log fires pushes the price to 10p/kWh or higher at which point the customer is making a 

lifestyle choice. 
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7.5. Overview 

In summary, there is ample wood fuel available for harvesting, but there are barriers to getting this fuel to 

market at an attractive price.  

8. Potential demand and carbon savings achievable 

8.1. Technical potential  

Research has been carried out using local data obtained from surveying 1500 houses for energy 

efficiencies and savings. This data has been analysed to quantify the potential for installation of 

additional wood stoves within the UK housing stock. Buildings were assessed for their potential 

suitability on a mixture of criteria including lack of access to the gas grid, presence of a flue, availability 

of storage, excluding flats and mobile homes and occupants over 80 in age. 

A telephone survey was also undertaken to find out what cost (and carbon) savings were typically 

achieved from people using a log stove. 

The full report on these activities is contained in Appendix C.  

The main conclusions are that for the sample of housing stock studied, about 21% of the homes not on 

mains gas did not already have a stove and were considered to be suitable for installation of a log stove 

based on the criteria above. 

This was translated into UK potential. There are about 4 million homes in the UK that are not on the gas 

grid. Taking the figure of 21% potentially suitable for a new installation, this amounts to about 0.9 million 

suitable homes. 

Average carbon savings were 2.4 tonnes CO2 per home. If this is multiplied up by 0.9 million homes, this 

demonstrates a potential carbon saving of about 2.2 million tonnes per year. 

It is acknowledged that this is a very crude analysis, but demonstrates the scale of the opportunity. 

8.2. Aspirational potential 

The focus groups comprised a very diverse 16 people: single / couple / family; on /off gas grid; 

properties included terraced, semi-detached, detached, bungalow, house, slated roof, thatched roof. The 

age range spanned about 50 years. All but one had experience of wood stoves.  

With the exception of two people who no longer wanted to maintain a woodstove, the other 14 all wanted 

to either maintain or increase the proportion of heat they got from their woodstove. 

Evidence from this small sample shows that supplementing or replacing other heating systems with 

wood stoves is considered a very attractive option for over 70% of this diverse group regardless of age, 

domestic circumstances and whether or not the property is on the grid. Reasons for this included cost, 

but there was also agreement that quality of the type of heat and lifestyle choice was a significant factor 

with agreement that an element of pride, or ‘relationship’ with the stove and fuel supply played a major 

part. 
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Discussion of age and how long the participants would want, or be able to continue to source, chop and 

stack their wood fuel demonstrated a determination to retain the stoves and fuel source with a need to 

look to the future for methods of sourcing fuel ‘stove ready’. This was not just a matter for participants as 

they got older but also relevant for times of ill health etc. 

The groups concluded that an Energy Supply Company (ESCo) would be an appropriate model to 

consider taking forward. This would benefit from skills within the group and the wider community, as well 

as supporting local enterprises and enabling local people to maintain lifestyle choices through mutual 

support. The type of model they saw as particularly attractive would include fuel storage and supply, 

stove and chimney servicing and cleaning, loan of moisture meter and training and advice.  

The model proposed by the focus groups would be particularly suitable for a geographically compact 

group but can work in a more sparsely populated area and could provide an incentive to encourage 

neighbours to join. 

8.3. Peer review/public consultation event 

A public consultation event was organised in Machynlleth. The event was advertised in the local press 

and the general public were invited to attend, but invitations were also sent to a large number of people 

known to be involved in the heating industry, particularly renewable heating. The event was well 

attended with about 20 independent attendees, mainly representing installers, fuel suppliers and other 

energy related specialists. 

At the start there were presentations describing the purpose of the project, and describing the research 

carried out. This was then followed by a chaired question session. 

The main issues that were raised and discussed were as follows: 

• Concerns that log stoves are intrinsically less efficient than chip boilers, so priority should be given to 

the most efficient devices 

• Air quality is an issue – DEFRA would oppose the more widespread installation of log stoves 

• Fuel quality is a big issue that needs to be addressed. 

• The log stove market is already buoyant  - but users lack confidence in buying fuel from the existing 

supply chain because of uncertainty over the product being offered 

• There is already a HETAS fuel standard, but this has not been taken up by many suppliers or users 

• Training is important, there is a need to give users more instruction in how to get the best from their 

appliances 

• A loan scheme for stove installations would be beneficial, but this should also include wood fuelled 

boilers, because even those covered by RHI only get revenue from the scheme and there is still a 

need to find the capital 

• How do you guarantee sustainability of the fuel supply – will this encourage more illegal felling 
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8.4. National carbon saving potential 

 Analysis from both the demand side (woodland availability and management)  and supply side (homes 

and households with opportunity to burn more wood)  indicate that there is a potential carbon saving of 

over 2 million tonnes of CO2 per year by ensuring that currently un-harvested wood fuel is used to 

supplement oil and electric heating system in domestic homes. These results have been obtained very 

simplistically, but also include conservative estimates and so the resource could be greater. In particular, 

the potential for producing fuel suitable for log stoves from the residues of manufacturing and processing 

of high grade timber is considerable. 

Much of the fuel that could be used in log stoves is not suitable, either technically, or economically, for 

use in other appliances such as chip boilers or pellet boilers. 

9. Feasibility of measuring heat output from log st oves 

Research has been carried out to establish the feasibility of measuring the heat output from log stoves in 

a way that could be used to link in to reward schemes such as RHI. 

This research is written up fully in Appendix D and (?). The research made use of 9 test stoves and 

involved setting up an array of sensors on each stove to measure temperature in a variety of ways, and 

also recording carefully over a period of time exactly how much fuel was added to the stove. This data 

was then analysed to find out whether monitoring could be used to estimate the heat output of the stove. 

The results are reported in  Appendix D. The conclusions drawn were as follows: 

• There is no simple linear correlation between the stove’s surface temperature at a particular spot and 

the total heat output. 

• It is not possible to easily measure heat output from woodstoves in a domestic setting with good 

accuracy. 

• The operating efficiency of wood stoves appears to be relatively low. 

• It would be possible to create a support payment for log stoves based on a degree hour algorithm. 

• Further research into the real life performance of wood stoves is required ideally during colder 

weather and with more detail of the operating environment. 

It would appear therefore that monitoring of temperature sensors may offer a crude measure of the heat 

output from a log stove, but this form of monitoring is unlikely to be accurate enough to base a payment 

system on. However, temperature monitoring could be used to calculate an approximate measure of 

heat output.  

The research did highlight the variability of efficiency in log stoves which could be attributed to a variety 

of causes connected with mode of use. This emphasises the importance of improving the level of 

understanding of users of wood stoves to help them to get the greatest efficiency from their appliances. 
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10. Feasibility of calculating delivered heat from fuel usage 

An alternative method of calculating delivered heat is by basing this upon the quantity of fuel burned. 

The requirement for RHI and GD is that the total heat delivered from the heating device is measureable. 

For devices already included in RHI such as chip boilers and pellet boilers, this is achieved through use 

of heat meters attached to the water pipes. This method is not a possibility for a log stove where the heat 

is delivered direct to the air. 

The previous chapter has indicated that direct measurement of heat output is not of sufficient accuracy 

to be used to determine RHI payments, and therefore an alternative method is required. 

The suggested method is to base this upon quantity of logs burned. 

Axewoods Cooperative – a research and development approach 
http://axewoods.org/ 
John Bell: Cobb Cottage,  Whitford Road , Musbury,  EX13 7AP 
Tel: 07941 099130 
 
Axewoods is a co-operative links woodlands that need management and felling across East Devon and West Dorset with local people 
wanting woodfuel. They have been successful in winning funding to both research and set up their scheme with the support of the Forestry 
Commission and East Devon AONB through their Sustainable Development Fund and through European ‘Making IT Local’ funding as part 
of a rural economic regeneration programme. 
 
The aims of the cooperative is to enable their members to secure their own woodfuel needs, and improve their understanding of woodland 
craft skills and ecology. The coop sees itself as making a bridge between local woodlands and with local installed wood boilers thereby 
addressing carbon emissions. They run training events for the membership, and have a working relationship with the Woodland Trust/ 
National Trust. They have some 40 members, with around a quarter being fully active in the coop. They have now completed their first full 
year of operation with a turnover of under £10k. 
 
The group initially undertook fairly rigourous research to identify the scope and nature of the local market, and the potential interest from 
woodland owners. They first undertook a woodland survey in 2008  in East Devon. The research was conducted by John Bell and paid for 
by the Forestry Commission and East Devon AONB out of Sustainable Development Funding. A total of 75 known private sites were 
identified, representing 2,529 acres. Around half of these sites were reviewed, equating to 854 acres and with an average holding size of 
26 acres. Some 40% of  these holdings were found to be totally unmanaged. 
 
The majority of the woodland owners reported that a financial return was not their primary motivation, although an influence for almost a 
third. The majority indicated that their motivation was driven by a need to improve biodiversity, the environment and aesthetics. A number 
of these owners had already commissioned a range of ecological and wildlife surveys. 
 
A follow up woodland study in April 2009  was commissioned through SDF to investigate two scenarios for a woodfuel co-operative based 
on six of the woodland holdings. This assessed the financial viability of a coop based on paid versus unpaid positions. The conclusion 
reached was that much of the existing unmanaged woodland in the Axe Valley was just not viable on a commercial basis due to poor 
access, steep slopes and the small size of holdings. Subsequently, owners and volunteers broadly supported working within a cooperative 
company for lower priced fire wood, and access to woodland (which would otherwise be denied to them). Additional incentives were seen 
as offering wildlife enhancement activities, recreation and education purposes.  
 
Finally a woodland pilot was set up in September 2010  to test the viability of a single working woodland parcel, and a consumer 
cooperative was established. A woodland coordinator was appointed with a grant through Making It Local, (a £2.4m RDPE fund via South 
West Regional Development Agency). Presently they are working with Plymouth University on further research projects. 
 
Members are encouraged to participate and can clean cleared sites of brashwood for free. A full builders bag of logs is charged at £70 for 
mainly hardwood logs - predominantly beech, holly or oak, and with some coniferous wood (no more than 20%) for kindling. 
Logs are cut to 8”-12” or 30cm and have been split and dried undercover for 1 year. The moisture content of any log sold is at 25% or less. 
Freshly cut or green logs are available at £50 a cubic metre or £80 for one full Ford pickup. 

 



          
 
 
 

 
 

Incentivising log stove uptake – page 14 

10.1. Measuring logs burned at the household level 

In theory, log use could be measured at a household level. If a log supply contract were to be set up 

between the household and a supply company with auditable delivery records, the supply company 

could produce a list of deliveries made and weight/dryness/species of logs delivered. 

In practice, delivery of logs is far less precise than – for instance – delivery of oil. Although the weight 

can be verified, moisture content and species will be random, and it would be difficult to make an 

accurate assessment of the calorific value of logs delivered at one time.  

10.2. Measuring logs burned at the log supply compa ny level 

An alternative method is to calculate the heat delivered at the level of the supply company accounting of 

receipt of log timber. The supply company will contract for the supply of timber and this will possible to 

monitor accurately for weight, moisture content, and species, which will allow an accurate assessment to 

be made of the calorific value of the timber handed by the supply company.  

If this is all processed to a target moisture content, and delivered to clients, it will be possible to produce 

an auditable record of the total heat delivered to clients. The supply company could be responsible for 

collecting the RHI and distributing this to clients in proportion to fuel purchased. This would effectively 

enable the supply company to sell subsidised fuel, making it attractive as a fuel in comparison to oil. 

10.3. Business models 

The next chapter will put forward some proposals for business models that incorporate measurement of 

heat output based on fuel usage. 

11. Social Enterprise solutions for delivering a vi able log stove and log 
fuel supply service 

Six potential business models were identified for a log stove based social enterprise. Three of these 

models explored the possibility of setting up an enterprise which would be eligible for the Renewable 

Heat Incentive (RHI). One model looked at a social enterprise which would integrate with the Green 

Deal. The other two models were not dependent on any Government scheme. 
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Three models place the Social Enterprise in the role of stove supplier, and two see the potential 

business as fuel supply. The final model sees the Social Enterprise as an ESCo or Energy Services 

Company selling heat to clients. 

More detailed analysis of the models from a financial, contractual and practical viewpoint is provided in 

Appendix F. 

Key findings were as follows: 

• Neither the RHI nor Green Deal seem likely to offer direct support to log stoves in the immediate 

future. This is partly a policy issue and partly due to technical issues explored elsewhere in this 

report 

• Supply of stoves without support from Government incentives is not likely to form the basis of a 

viable Social enterprise and this role is probably best filled by the existing sector 

• Heat supply through an ESCo model is an interesting possibility. However it does not scale well to 

the log stove market. We advise that work in this direction should concentrate on woodchip at a 

significantly larger scale 

• A log supply business runs the risk of competing with existing providers. However it still offers 

the best opportunities for a Social Enterprise to maximize carbon and social benefits at the log 

scale 

• Log supply is financially marginal unless it can offer opportunities to reach new markets. Well-

designed future incentives from Government could tip the balance in favour of viability. 

A spreadsheet was created to investigate the possibility of a log fuel supply enterprise and to assess the 

viability of this business with and without an RHI element. We found that a small subsidy would be 

required to make the log fuel enterprise definitely viable on a local scale. Research and business 

development will continue along the log fuel supply path. 
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12. Conclusions 

• There is potential to increase the total harvest of timber in the UK but competing uses for wood 
and other uses of woodland will usually take precedence over fuel wood. The latest figures from 
the UNFAO suggest the UK is 47.8% of net growth increment. In theory at least there is ample 
un-harvested log fuel that could be harvested from sustainably managed woodland to heat more 
than a million homes.  

• There are in the order of 0.9 million homes in the UK that would be suitable for installation of a 

log stove to provide all house heating or to supplement an existing fossil fuelled heating system 

• The potential carbon saving is in the order of 2 million tonnes CO2 per year 

• The current cost of purchasing logs is about the same as the cost of oil per kWh of useful heat, 

so there is little incentive for home owners to substitute from oil to log fuel except for altruistic 

reasons or if they have access to free fuel 

• Lack of understanding about how to use a stove, and use of poor quality fuel, results in low 

efficiency from stoves and more air pollution than if good quality fuel were available and better 

instruction. 

• The perception among householders is that wood is cheaper than oil. Focus groups fed back that 

people like to use logs, and to feel that they are able to reduce their carbon footprint, but that 

price is important and this must be cheaper for them than using oil 

The Wood Fuel Co-operative – a new member run company 
http://www.woodfuel.coop/ 
FFI: Roland Park 01387 731 210 
 
This is a Company Limited by Guarantee recently set up in November 2011 for local people to combine resources and 
bulk purchase supplies of best quality wood fuel. So far they have 31 members. 
 
They try to source all their products from UK manufacturers, but currently have a couple of pellet fuels that are imported 
from Germany.  
 
They claim that anyone burning more than about 0.5 tonne of wood fuel per year will benefit  from membership. The co-
op uses the member's combined financial buying power to negotiate big discounts from brand name suppliers. They do 
not aim to make a profit from their trading activities but simply to cover operating overheads. The coop is dependent 
upon a lot of voluntary input from a small core of their founding members. 
 
Each member loans the Wood Fuel Co-operative £99 (fully refundable) for the duration of his/her membership 
(minimum 1 year). They claim that this investment will easily save members over £25 per tonne, thus saving more than 
the value of their loan in their first year, and often on their first order.  
 
They recognise the potential difficulty for average sized households to store and manage bulky supplies of fuel. They 
therefore offer a storage service at their Dumfries depot, allowing members to collect smaller batches themselves as 
and when required. This service is possible as tiey are conveniently located on the edge of the town in a industrial park. 
 
Alongside the collection service they also contract out delivery twice a week. To attract new members they have 
established an automated website facility. Purchases can be made online with payments made through Paypal, credit 
or debit card. 
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• There is a significant group of households keen to use logs, but lacking confidence in how to 

purchase fuel in a cost effective way. For these people, the reassurance of purchasing through a 

co-operative with transparent costs and measurable quantities and qualities would be very 

attractive. 

• To impact on the wider pool of potential users, there needs to be a mechanism to reduce the 

price significantly below the cost of oil. A subsidy of 2-3p/kWh is suggested. The best way of 

administering this would be through a fuel supply social enterprise, contracting to supply fuel to 

households with stoves and heating systems that have been checked to comply with certain 

minimum criterion. It would be possible, but legally complicated, to set up a contract that provided 

the correct incentives and prevented opportunity for abuse. 
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Appendix A. Commentary on the Renewable Heating Inc entive (RHI) and 
log burning stoves 

A.1. Introduction 

The Department Energy and Climate Change (DECC) provided a consultation in February 2010 for the 

RHI. In regards to wood burning stoves and open fires this contained the clause: “We propose excluding 

wood burning stoves, air heaters, open fires and similar applications from the RHI. These present 

practical difficulties as it is extremely difficult to monitor how much they are used (they are usually a 

secondary source of heat the use of which will be optional), and to what extent they are used with 

renewable fuel rather than, for instance, coal. The administrative cost of including these appliances in 

the RHI in a fair way would likely be very high.” 

http://www.decc.gov.uk/assets/decc/consultations/rhi/1_20100204094844_e_@@_consultationonrenew

ableheatincentive.pdf 

Once the consultation had closed, responses were collated and can be found here:   

http://www.decc.gov.uk/assets/decc/consultations/rhi/434-rhi-responses-1-245.pdf < 

http://www.decc.gov.uk/assets/decc/consultations/rhi/435-rhi-responses-247-377.pdf 

http://www.decc.gov.uk/assets/decc/consultations/rhi/436-rhi-responses-379-547.pdf 

A.2. Comments received 

The following summarises some of the comments regarding log stoves. It should be noted the fact they 

appear here does not mean that the comment is valid or founded on sound evidence, merely that it 

represents a concern that someone has expressed. 

We agree that open fires should be excluded from the scheme due to their low efficiency, but we believe that wood 

burning stoves (in both log and pellet form) should be included as long as all the following criteria are met;- 

(1) The stove conforms to the relevant UK national standard for efficiency. In the case of wood-log stoves this is BS 

EN 13240 and for wood-pellet stoves it is BS EN 14785. These standards impose a minimum efficiency pass level. 

For pellet stoves it is currently 70% and for wood-log stoves it is 65%. 

AND 

(2) The stove is registered as a DEFRA exempted appliance under the Clean Air Act 1993. This currently 

represents the best legislative measure in the UK for ensuring low emissions from small wood-burning appliances. 

AND 

(3) The stove is operated with wood-fuel that conforms to a national quality standard, such as the HETAS Solid 

Biomass Assurance Scheme. This can easily be verified by requiring the appliance owner to produce copies of 

their fuel invoices at the time of the proposed annual RHI claim. The adoption of this criterion has the merit of 

supporting existing Government initiatives, such as the UK Renewable Energy Strategy, and also of accelerating 

the supply of high-quality wood-fuel producers onto the UK market. 
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The …. regulatory costs of the RHI are an issue, but points out that many rural properties are currently served by 

old Rayburns and other apparatus with back boilers. 

We would certainly argue that where the heat is provided to hot water and at least one radiator the biomass 

apparatus should qualify, subject to the installer confirming the model type is not suitable for fossil fuel use, and the 

owner self certifying its use annually. 

The last two years have seen a steady and sustained rise in the cost of heating logs, entirely driven by the sales of 

woodstoves. There is no doubt that the installation of rising numbers of biomass woodchip and pellet boilers will do 

the same to woodfuel prices. It would be entirely wrong to penalise the early adopters of low carbon biomass 

technology by introducing a policy that will inevitably increase their costs above what they were able to budget for 

when they took the original investment decision, and it will send a very poor message to many rural people who 

have hoped to at least not lose out from the RHI. It is our belief that the use of accredited fuel wood in conjunction 

with household wood burning stoves providing water heating and substantial space heating should be considered 

under this scheme. 

We feel it is necessary to clarify the definitions of at what point a wood burning stove becomes a hand-fed wood 

fuelled water heating system. When creating greater clarity in these definitions we would urge for the wood burning 

stoves of sufficient efficiency which provide domestic or business buildings with sole heating, or majority water 

heating (along side for example solar thermal or electric emersion) to be included in the scheme. In doing this, the 

scheme would also be indirectly helping to phase out the use of coal as a multi-fuel in domestic burners. 

As the scheme progresses and a Sustainability Standard for bio-fuel is established further criteria can be set for the 

use of accredited fuel. The addition of wood burners (under circumstances outlined previously) could be phased 

into the scheme as this accreditation roles out UK wide which would give the wood burning stove and wood 

industry time to adapt and build on its current infra-structure. 

We understand the reason for excluding wood burning stoves and open fires for the purpose of secondary space 

heating due to the unpredictability of use, the higher administration cost linked to this and the chance of the system 

being abused (for instance coal being used). When however it is stated that “we propose excluding wood burning 

stoves, air heaters, open fires and similar applications” p31 it is not made clear whether this includes or excludes 

wood burners that provide a water heating function, contribute to the central heating hot water system and or 

provide an additional cooking function (for example a wood fuel Aga). Wood burning stoves can only efficiently 

burn wood, it is neither cost effective nor energy efficient to burn other materials. Unfortunately at present the 

market has dictated that customers like the piece of mind of knowing they can always fall back on other fuels such 

as coal or anthracite. This has led to most current stoves being designed and sold as multifuel stoves. However for 

example the UK stove manufacturers Clearview said at least 90% of their customers only ever use wood fuel. This 

is alsowhat these manufacturers recommend in a drive to be more environmentally aware. These stoves are as 

efficient when burning only wood even though they are called multi-fuel stoves. 

This illustrates that the RHI could be used to encourage stove manufactures to produce burners that were solely for 

use with wood fuel which burns under different conditions to other solid fuels. Therefore encouraging 

manufacturers to modify multi-fuel stove design to create more wood burning stoves that will efficiently burn wood 

and not solid fuel. A wood burning stove does not create the correct burning conditions for coal and it would not 

either efficient or cost effective to put any other material other than wood in these stoves. Making this differentiation 

clear would make it easier to approve Wood burners as a form of renewable heating, even if only those with water 
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heating capacity were included in the scheme. This inclusion could be used in conjunction with criteria such as that 

used by the Forestry Commission Wales who categorise the wood burners that may be eligible for funding under 

the Wood Energy Business Scheme:  

If wood is produced to standards set out in this criteria it is in the interest of the owner of the system to use this fuel. 

It will burn the most efficiently and be the most cost effective method of heat generation. It therefore would be 

beneficial to differentiate between wood burning stoves and multi fuel stoves. It would be good to clarify supplies of 

Sustainability Standard certified wood for domestic and micro generation purposes and to recommend/make it part 

of the eligibility criteria to use these supplies. 

…..stoves should not be included in the scheme by themselves as there is no reason why a secondary form of 

heating should ever be used, we have customers who buy stoves as a fashion accessory and never use them, this 

number would be huge if there was an incentive to install but no compulsion to use. I do however think that a log 

burning stove could be used as part of overall heating strategy to meet RHI conditions. 

With regard to mixed fuel use, there are woodburning stoves which are capable of using only wood fuel (and not 

fossils). These should be eligible for RHI. 

We agree that wood burning stoves should be omitted from RHI, local pollution from burning wood in small stoves 

is significant particulate emissions are difficult to control and given wood will become a scarce resource. Other 

sources of energy are likely to be used for preparation of domestic hot water. The priority for wood to store its 

carbon is use in building materials. Where wood has to be burnt its emissions are best controlled in very large 

plants fitted with CCS producing electricity and district heat. As well as the administration issues, the wood burning 

stove market is developing rapidly without further intervention. 

However, where a stove or similar arrangement provides the principal heat source for a property it should be 

considered under the RHI, subject to the following conditions: 

-The stove is an exempted appliance when burning wood or wood derived fuel 

(excluding coal, charcoal and similar fuels). 

-It is in a property which is off the mains gas network. 

Emissions from pellet stoves are significantly less than from wood-log stoves. For 

this reason, the United States’ Environmental Pollution Agency does not require 

wood-pellet stoves to be EPA-certified, unlike wood-log stoves. They, therefore, 

currently represent the best-available wood-fuelled technology for stoves. 

Yes. We agree that wood burning stoves and open fires should be excluded, not just on the grounds of the cost of 

monitoring their use, but also due to the adverse air quality impacts that would arise were such uses encouraged in 

urban areas. 

We agree that wood-burning stoves should be excluded from the RHI. They are wasteful and it is impractical to 

measure or deem their heat output. 

We agree that wood burning stoves and open fires should be excluded, not just on the grounds of the cost of 

monitoring their use, but also due to the adverse air quality impacts that would arise were such uses encouraged in 

urban areas. 
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1. We agree that wood-burning stoves should be excluded from the RHI. They are wasteful and it is impractical to 

measure or deem their heat output. 

Again solely as a biomass specialist I can see the problem with stoves and any hand loaded heaters without 

automatic control.  

No, not for stoves, as it will be too cumbersome/cost prohibitive. 

We strongly feel that stoves should NOT be included in any RHI financial support scheme for the following reasons 

1 - good wood is hard to find and already there are shortages each year. ANY SCHEME SHOULD PROMOTE THE 

SUPPLY OF GOOD WOOD. By aiding the supply of good wood at an affordable price conversion to efficient wood 

burning will follow. 

2 The existing HETAS accreditation scheme is insufficient. ALL our products are tested to the European standard 

EN13240. All wood stoves legally sold in the UK and Europe must comply to EN 13240. It is in fact illegal under 

European law for a country to impose its own different standard. For this reason a HETAS accreditation scheme 

does not include all EN 13240 stoves. And could be seen as, if adapted by DECC, as the UK imposing its own 

standard. To be on the HETAS list you must use their own testing laboratory which does not accept test data from 

accredited European laboratories.  

4 By including DEFRA stoves only you are excluding efficient no DEFRA stoves that are appropriate for use in rural 

no Smoke Control Areas. By making these customers have a DEFRA stove they must also have features of a 

DEFRA stove that are not suitable for wood burning in their area. We are caught between a rock and a hard place, 

we don't want a scheme, we don't need a scheme. If the scheme came in we would be flooded by imports that 

could accommodate the new demand. This scheme does NOTHING to ensure good wood supply so no matter 

what stove you have and how efficient it is - it would never burn clean without a supply of dry wood. 

We accept the point that it is difficult to include technologies if issues around how much they are used and whether 

they use only renewable fuel cannot be addressed without excessive administrative burdens 

We agree that log stoves should be excluded. We also urge DECC to resist requests for the agricultural batch 

(straw, west wood and logs) burning equipment to be excluded. In any event, none of these systems can qualify for 

the efficiency and emissions standards of either Clear Skies or ECA. These systems will only discredit the biomass 

industry. ……They are inefficient and ‘dirty’ systems which are used in the land based industry to dispose of many 

of non-compliant fuels as well as compliant fuels; waste materials of all sorts including plastic and animal wastes 

are often implicated. The large combustion chamber and its large door access facilitates such use. THERE 

SHOULD BE NO KIND OF CONCESSION FOR THIS TECHNOLOGY OR IT WILL RIDICULE THE CLEAN AND 

EFFICIENT BASIS OF MODERN BIOMASS HEATING.  

A.3. Summary of issues 

1. Difficult to measure heat output 

2. Some wood fuel not ‘renewable’ 

3. Multi-fuel stove market saturated 

4. Air heating without using water – excluded 

5. Intermittent vs primary use 

6. Fossil fuel – user interaction 

7. Fossil fuel (ignition process, pumps, fans)  

8. Air emissions – DEFRA Clean Air Act 
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9. Perceived low efficiency  

10. Stoves can act as incinerators of many objects other than wood logs 

11. Perverse inflation of wood fuel of market increases beyond supply  

12. Certification of appliance efficiency burning wood  

13. Certification of wood fuel 

14. With/without back boilers  
15. Same wood converted to pelts will burn cleaner  
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Appendix B. Potential wood fuel supply  

B.1. Woodland ownership and management in Wales 

B.1.1. Local ownership (Powys) 

Powys has 75083 hectares of woodland. 20865 ha is broadleaf (28%) the remainder conifer. 

 

 

2378 ha of broadleaf woodland is part of the Welsh Government (WG) estate (11%).  The WG estate is 

producing at or close to its capacity with the majority of hardwoods feeding demand for woodfuel for co-

firing, CHP plants and domestic fuel and for chipboard manufacture.  Other woodlands, predominantly 

privately owned, supply these markets and a variety of more specialised timber markets including 

fencing, furniture and craft. 

B.1.2. Woodland composition 

In a detailed survey of 26 sites in Powys (2011) data on the composition of the crop by species and 

potential use was collected.  Analysis of this in respect to firewood shows:- 

• The broadleaf resource in Powys is mainly middle aged with a high proportion re-grown after 

fellings during or after WWI.  

• Average diameter at breast height (DBH) is 27cm 

•  Average stocking 566 trees per ha reflecting the immature crops.  

•  Average tree size is 0.36m3  

• Average basal area is 31.1m2.   

• The average standing volume is  205m3/ha of which 39.7% is firewood and 60.3% large and 

small sawlogs (50% of this sawlog will return as residue). 

The figures above suggest that the woods are adequately but not heavily stocked.  4 of the 26 sites had 
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over 40m2/ha with the highest 57m2/ha.  The lowest was 23.5m2.  This suggests that there is not a 

legacy of stored increment in the woodland and any harvesting should be based on using 70% of growth 

increment.   

42% or 8822 ha of broadleaf woodland in Powys is oak.  It is a relatively slow growing species.  Ash at 

18% or 3772 ha is the next commonest species.  Based on this species mix an average increment of 

6m3 ha/yr is proposed of which 4.2m3/ha/yr could be harvested.   

If 40% of this is firewood (the %age would fall as the crop improved) then 1.6m3 of firewood per 

hectare/yr would be anticipated with an oven dry weight of 0.96 tonnes giving a theoretical calorific value 

of 5 MWh/ha/yr if it could be used with 100% efficiency. 

Checking back against surveyors’ estimates of thinning volumes in present crops (Av 25.4m3/ha) 

suggests that on a 5yr cycle the assumptions made above are reasonable. 

B.1.3. Calculated theoretical yield 

Based on these assumptions and production figures for coniferous timber from the WG estate it is 

possible to suggest a theoretical sustainable yield for all woodlands in the county in the region of 80,000 

cubic metre of hardwood per year and 400,000 cubic metres  of softwood  if all sites were managed with 

timber production as their main objective.   

While there is no data available on actual volumes harvested it is the view of the authors that these 

figures exceed current harvests but for the reasons above, owners may not wish to maximise the harvest 

on every site. 

B.1.4. National ownership 

Statistics on the management of woodlands are incomplete and difficult to interpret. Woodland which 

appears unmanaged or neglected to a forester will be seen as ideal habitat for one or more species by 

an ecologist. Studies undertaken prior to the launch of Coed Cymru in 1985 suggested that a significant 

proportion of native woodland was under threat; overgrazing and lack of succession were the main 

concerns. 

Since that time the position has changed:- 

• Changes in the way farming is supported under the CAP and the way rules are applied has led to 

a reduction in sheep numbers, particularly on marginal land. 

• Cross compliance rules now forbid supplementary feeding of livestock in woodlands 

• Agri environment and forestry schemes have grant aided woodland management and new 

broadleaf planting. 

• Many owners of small coniferous plantations have replanted with native trees including many 

sites which were ancient woodland sites. 

• Since 1985 Coed Cymru have agreed management proposals for over 7000 sites covering 32000 

hectares of woodland and new broadleaf planting. 

• Less intensive management of conifer restock has resulted in many sites having a high 

proportion of birch, willow and rowan. 



          
 
 
 

 
 

Incentivising log stove uptake – page 25 

The net effect of this has been a marked increase (almost doubling) of the broadleaf area in Wales 

between 1980 and 2010 and the number of sites under threat is much diminished. Some of this is due to 

improved mapping but many sites are reverting to native woodland with and without human intervention. 

B.2. UK woodlands 

B.2.1. Area 

The total woodland area in the UK is 3,078,000 hectares, 1,724,000 ha of conifers and 1,355,000ha of 

broadleaves.   

 

 

870,000 hectares is managed by Forestry Commission and Forest Service for Northern Ireland;  

2,209,000 by others, mainly private owners.  

B.2.2. Timber harvest 

Total harvest from these sites is estimated to be 9.5 million green tonnes of coniferous timber and 0.5 

million tonnes of broadleaf timber.  This equates to 3.25 green tonnes/ha/yr.   

The state forest in Wales by comparison produces approx 7.5 green tonnes/ha/yr and this is probably 

close to its maximum production, suggesting that there is additional potential capacity in the remainder 

of the UK forest if timber or fuel production is a priority.   

B.2.3. Potential for home heating 

The woodland area of Wales is about 280,000 ha. The woodland area of the UK excluding Wales is 

therefore about 2,800,000. 

If we multiply this by the differential yield between the UK and Wales of 4.25 green tonnes/ha/yr, this 

amounts to a total of about 12 million green tonnes per year currently un-harvested in the UK.  This is 

close to the figures for unharvested increment suggested by UNFAO. 

If we assume pessimistically a water content of 70%, this amounts to an oven dried weight of about 3.8 

million tonnes. At an energy content of 5 MWh per ODT, this would provide about 19 million MWh.  



          
 
 
 

 
 

Incentivising log stove uptake – page 26 

If we assume a typical log stove is 50% efficient, this will produce about 9.5 million MWh of useful heat. 

Heat requirement for a typical UK home is about 15,000 kWh per year (= 15 MWh per year) of delivered 

heat.  

This therefore implies that if the UK woodland were managed in the same way as the welsh woodland, 

the fuel produced would be sufficient to heat about 9.5/15 = 0.6 million homes. 

If this useful heat of 9.5 million MWh  displaced oil burned in boilers that are 90% efficient, it would 

displace 9.5/0.9 = 10.5 million MWh of oil.  

Heating oil has an energy content of about 10.2 kWh per litre, so the volume of heating oil displaced 

would be just over one thousand million litres of oil. 

Oil produces about 2.6 tonnes CO2 per thousand litres, so the CO2 emissions saved would be about 2.6 

million tonnes of CO2. 

 

B.2.4. Economic value of alternative uses of woodland 

For the majority of private owners, the value of the timber harvest is not the primary revenue source from 

the land. Revenues from game shooting and the satisfaction derived from recreational use of woodland 

usually outweigh timber revenues. This is part of the reason that the full harvest of timber from the UK's 

woodland is not at present realised. 

B.3. Recovered wood from manufacturing processes 

Wood residues derived from timber processing reach 4.6 million (air dry) tonnes in 2007 (WRAP) 

approximately equal in calorific value to the total UK home grown production. In chip form this is not 

suitable for domestic use but as briquettes it is excellent fuel.  The quantities recovered and the quality 

of sorting is improving all the time driven by the Landfill Tax.   

This material is used as fuel, mainly in co-firing and industrial applications and also as fibre and particle 

board. Here again we have competing demands and a supply chain driven by external factors (Landfill 

Tax). 

B.4. Market volatility 

In conclusion there is more potential production which can be harvested from UK woodlands but at 

present the value of woodfuel and other products taken together with grant incentives to improve 

woodlands is not sufficient incentive to the majority of private owners.   

It should be remembered too, that during the last century, a very high proportion of the highest value 

hardwood timber was selectively removed, particularly in Wales with the break-up of the large estates.  

The legacy of immature hardwoods and coniferous timber has low market value.   

On many sites woodfuel is the primary rather than the secondary product and the value of standing sales 

of softwood in Wales in 1939 (in today’s prices) was £60/m3.  This rose to £120/m3 during WWII and fell 

back to £60/m3 by 1959.  It fell to £7/m3 by 2007 and has risen to £12/m3 in the current recession.  
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Global production of softwood timber exceeds demand and the resource is growing faster than the 

demands.   

Although hardwood, being typically twice as dense as softwood, is preferred as woodfuel, in practice any 

increase in fuel prices is immediately offset by a diversion of softwood from other markets and better 

utilisation of recovered wood.  The promotion of woodfuel as a means of encouraging better 

management of woodlands is questionable because of this offset. 

12.1. Open market price of firewood 

The average price from the main suppliers of domestic logs in the Newtown Area is £27.50 per 1m3 bag 

for softwood and £37.50 for hardwood (delivered).  

For the softwood this equates to £203/odt or £68 per m3 

For the hardwood this equates to £138/odt or £83 per m3 

Assuming a useful heat recovery of 50% (2.5 kWh per odkg) 

The cost of heat at these prices is 8.1p/kWh for softwood, 5.5p/kWh for hardwood. 

These prices straddle the current oil price but take no account of the aesthetic value of a log fire. 

[ For the purpose of estimation, the following assumptions have been made 

1kg of oven dry wood contains 5kWh of chemical energy 

1m3 of homegrown softwood contains 300 kgs of oven dry wood (odw) 

1m3 of hardwood contains 600 kgs odw 

1m3 of loose softwood logs contains 135 kgs odw 

1m3 of loose hardwood logs contains 270kgs odw 

Modern log stoves can achieve high levels of combustion efficiency but not if used as most owners choose to use them. To 

achieve high efficiency the fuel must be very dry, in small pieces and burned rapidly in a good air supply. Most owners choose 

to slow down combustion to avoid constantly feeding the fire.. In this way efficiency is compromised and a log stove may deliver 

25 to 50% of the stored chemical energy as useful heat.  

For the purposes of calculating the potential useful heat, an efficiency of 50% has been assumed.] 

B.5. Theoretical price of firewood based on economi c return on land investment 

B.5.1. Making woodlands work for the grower. 

Grass keep in this area typically returns £250/ha/yr gross to the owner. (a return of 0.6%/yr) 

Using this as a baseline for income, a woodland producing 4.2m3/ha/yr of all produce would need to 

achieve an average standing price of £60m3 for all produce.  

To derive the cost of firewood, to this standing price must be added the processing and delivery costs. 

These are estimated as follows: 

1 Careful harvesting from a mixed age crop might cost £26/m3 on a reasonable site with good tracks.  
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2 Transport to a local yard: £6m3 

3 Stacking, sawing, splitting, bagging: £10m3.  

4 1 year drying at 8% interest: £8m3 

5 Delivery: £5m3. 

These total to  £115m3 or £191/odt hardwood.  

This converts to a useful energy price of 7.6p/kWh 

The commercial case for grower and customer is marginal even when grant aid is factored in against 

costs. 

Note: these costs assume that firewood is the only product obtained from the woodland. Greater value 

can be obtained (resulting in cheaper firewood) of the larger logs are reserved for sawlogs, and only 

smaller diameter logs used for fuel. Adopting this practice would reduce the above costs. 

B.6. Development of the log fuel supply industry 

There will be local opportunities for a social enterprise to develop based on local woodland resources.  

To date, these have been tried in remote rural areas in Scotland and based on leasing of state forest. 

Efficient harvesting is very capital intensive and (in our view) best left to professionals.  Adding value to 

the timber, including the woodfuel element, may be more attractive for a social enterprise especially if 

training and work opportunities for the disadvantaged can help with funding. 

For the fuel output of such an operation to be measured it must take account of different timber densities 

and moisture contents.  The sensible way to do this is as “dry tonnes” as this is the only measure which 

eliminates the variables.  If this is to be applied to logs a well regulated drying regime will be essential.  If 

it is to rely on air drying it will require substantial space, preferably covered, and a significant stock 

holding.  A system based on kiln drying will be more expensive to set up but the turnover will be quicker 

and it may be possible to recover RHI from the drying process. 

An alternative based on woodfuel from the recovered stream may be more attractive.  The raw material 

is cheaper and the equipment required to convert this to briquettes more conducive to an unskilled 

workforce as well as being an order of magnitude cheaper.  The finished product is more consistent and 

outputs from machines can be metered accurately.  There are significant advantages for packing, 

stacking and transport at all stages.  

B.7. The Case for Carbon. 

Growing trees absorb CO2 from the atmosphere and water from the soil and combine them into sugars in 

their leaves using energy from the sun. These sugars are the building blocks of “wood” 

The chemistry is very complex!. 

A woodland producing 4.2m3 of hardwood or 2.52odt stores approx 4.6tonnes of CO2/ha/yr. 

(this is not the total CO2 sequestered but the useable CO2) 
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Used as timber, it will store CO2 for the life of the product which may be days in the case of packaging or 

centuries in a building. As fibre it can be recycled or burned.  

When used to replace metals or plastics it can offset the CO2 produced in their manufacture. Used as 

fuel, the CO2 and energy are released immediately but avoiding the additional release of CO2 from fossil 

fuels 

Welsh Government figures suggest CO2 production in Wales at 15 tonnes/yr /head of population. To 

sequester this amount of CO2 would require 2 hectares of woodland per head, 21 times the area we 

have at present and 3 times the land area of Wales. 

Woodfuel may answer some local needs but we must look elsewhere to reduce the impact of our 

reliance on fossil fuels. 

B.8. Optimising the viability of log fuel supply 

Based on the evidence above, the following factors are crucial to take into consideration in the setting up 

of an economic fuel supply ESCo 

1. The timber harvested should be optimised in value  - i.e. large diameters used for construction 

etc, and small / twisted material used for fuel. 

2. Harvesting and processing must be efficient and automated, which means carried out by 

professionals with modern automated machinery 

3. The cost of owning woodland is inflated by the perceived value of other services e.g. hunting, 

recreation etc. This means that the purchase price or rent value of woodland does not reflect the 

value of fuel. Owning or renting woodland for fuel is not viable. The cheapest way of purchasing 

fuel wood is to tender for low quality timber produced as residue from other forestry activities. 

The most viable form of log supply ESCo will therefore be based on these principles. The ESCo would 

tender for supply of appropriate timber, and tender separately for automated processing of this material 

into fuel logs. This then needs to be stored until dry, weighed and delivered. 

The price obtainable using this model is likely to be lower than the 7.6p/kWh of the model above, but 

there has not been time during the course of the project to go to tender to establish actual prices. This 

must be the next stage, and when tenders are received, estimated final prices could be calculated. 
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Appendix C. Housing stock appropriate for wood stove installati on                                      

12.2. Methodology  

In order to obtain a reasonably accurate picture of the potential for wood stove installation in a given 

number of households and the consequent savings in economic and CO2 emission terms, the following 

procedure was used. 

C.1.1. Phase 1 

Access of database of 1,482 households across the central Marches area, comprising mostly south 

Shropshire, northern Herefordshire and eastern Powys. These households had undergone an energy 

efficiency survey as part of Lightfoot Enterprise’s Household Energy Service.  

Data was then analysed, using the criteria in Appendix 1, to ascertain which houses may be suitable for 

the installation of a wood stove. This could give an indication of the % of any given housing stock 

suitable for wood stove installation.   

The raw results of Phase 1) are displayed in the spreadsheet ‘Wood Stove Potential, from HES 

database (data protected), 7.3.12’; file attached. 

C.1.2. Phase 2 

Contact was made with a number of random households with wood stoves to determine actual savings 

achieved, through use of wood stove, in monetary and fossil fuel use, and thereby, CO2 emissions. 

Contact was made with a number of random households without wood stoves, but with ‘wood stove 

potential’ to obtain views on the incentives and barriers to installation. 

Research was carried out using a number of other sources for information on economic and emissions 

savings through the use of a wood stove, including Biomass Energy Centre, Energy Saving Trust, Log 

Pile (NEF), Housing Associations, etc. 

C.2. Results 

C.2.1. Phase 1 – database analysis 

See spreadsheet ‘Woodstove Potential, from HES database (data protected), 7.3.12’. 

 
Existing wood stove 

Of the 1,482 properties, 503 (33.9%, or approx. 1/3) had one or more wood stoves.  

Second wood stove potential 

Analysis of the spreadsheet for existing wood stove in the 1,482 properties showed that: 

  456 had one wood stove already,  

 40 had two (2.3%),  

 6 had three 
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 1 property had four.  

This would indicate that although it is possible that those with an existing wood stove may install a 
second, the numbers (2.3%) are likely to be fairly insignificant in terms of this report. 
 
New wood stove potential 

Results indicate that, of the 1,482 households surveyed, 245 showed a positive, giving 16.5% (just under 

1/5th) of total houses surveyed. These represented houses with a strong potential for installation due to 

having an existing flue.  

With a twin-insulator flue and an appropriate route, many more houses could have a wood stove. 

However, there are so many variables and other factors to consider, it would need a site visit to a large 

number of houses to establish a useful picture of the potential for a wood stove in properties without an 

existing flue. 

C.2.2. Phase 2 – contact by phone 

Contacting householders by phone was a lengthy process, involving many ‘not available’ responses. 

Once connected, they were often enthusiastic and wanted to go into some details of their patterns of use 

(and their passion for their wood stove!). 

Householders with a wood stove  

A total of 72 households were rung, 21 of which were successful. 

Responses were inevitably their views on the savings to be made, rather than measurements, but 

ranged from the “Haven’t got a clue” to “Yes, I can tell you exactly how much we save!” The majority had 

a good idea in terms of the proportions of fossil fuel saved. 

Questions were asked as to whether, and how much, there were savings on their fossil fuel use by 

installing a wood stove and from that, a rough calculation can be made of the savings in emissions of 

CO2. They were also asked their primary reasons to put in the wood stove. 

 
Savings:  

From the spreadsheet ‘WOODSTOVE, Existing only, RESULTS’ the totals of financial savings, fossil fuel 

savings and CO2 emission savings, plus the averages can be seen, from the 13 households where 

actual figures could be obtained.  

• Typical tonnages used was about 2.5t/yr, but the sample is too small to be accurate 

• Average savings in % terms of fuel used were 49%, but the more useful figures are: 

• Average financial savings were £550/yr, ranging from £180 to £900, with a fairly even spread 

• Fossil fuel savings led to an average saving of 2420kgs CO2/yr, ranging from 280kgs to 

4020kgs, again with a fairly even spread. 

Summing it up, although not everyone could put a figure (estimated) on the savings from using a wood 

stove, they all (100%) said (or believed) they were saving on fuel. 

 
The future 
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Several householders were so pleased with the savings on fuel costs, they planned to put in a second 

(or third) wood stove. 

Many were motivated to put in a wood stove by concerns over climate change and our emissions, as 

well as the escalating price of fuel. 

Householders without a wood stove  

A total of 21 households were rung, 6 of which were successful. This would be another very useful area 

of research to continue, if funds were available. 

 
Other Sources 
Due to the limited time available, only a small amount of time was allocated to research into a number of 
other sources for information on economic and emissions savings through the use of a wood stove, 
included the Biomass Energy Centre, Energy Saving Trust and Log Pile (NEF) all online as well ringing 
Housing Associations. 
 
Housing Associations 
Rang South Shropshire HA but Bernard Quimm (Investment Manager) not available until after the 
deadline for report. 
 
Mid-Wales HA have c1300 houses/flats under their management, but none with wood stoves and none 
are planned. 
 
Three others – Millmead, Focus Future and Tai Trothwy – were contacted but no-one was available.  
 
Online 
Energy Saving Trust. Some data on savings to be made on pellet-fuelled boilers (file attached) but 
nothing on wood stove savings. 
 
Biomass Energy Centre. No data on savings for wood stoves found. 
 
LogPile. As for Biomass Energy Centre. 
 
 
Storage Issues 

After determining how much wood needs to be stored, from discussions with Coed Cymru (Dave 

Jenkins), Derwas (Kaye Derwas), Chris Laughton (Solar Design Co) and Clearview Stoves (Jonathan 

Greenall), the requirement is typically a minimum of 2m3 (approx 1t, well-seasoned) up to an ideal of 5-

6m3 (2.5-3t) for 6 months of use (3 months at 24hrs, 3 months on partial use) for the average 3-4 

bedroom property.  

Clearview recommended 3-5t/yr as the target storage and suggested £3-500 costs.  

Most properties with small gardens could install a 1-2m3 store without too much difficulty but would need 

to buy in well-seasoned wood, costing 15-20% more, rather than logs with a higher moisture content 

(probably 20% or more) and storing it for a year to 18 months. 

There may be the potential for community-based storage schemes in certain situations, where a number 

of houses share a larger store, divided up into lockable bays, to reduce costs through bulk deliveries or 

where they have insufficient room. 
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Attached documents for reference: 
 
Spreadsheet ‘Wood Stove Potential, from HES d'base (data protected), 7.3.12’. 
Criteria used to determine potential for wood stove installation from all households surveyed by 
Household Energy Service, Bishop’s Castle.  
 
Source data columns (F to N) coloured, with matching colours for ‘Selection/Exclusion columns’ (O to 
W). 
 
Where negative factor (eg, on gas), an ‘x’ placed in appropriate column. 
 
Where positive factor (eg, open fire, therefore with existing flue), a tick placed in column. 
 
Selection was then based on having no negative and at least one positive factor. 
 
Selection criteria: 
 

• Excluded if over 80. Assumed not physically able to handle log storage/loading. See Column O of 
spreadsheet. 

• Excluded if a flat or mobile home. Assumed storage/moving of logs in former, installation of flue 
in latter, a problem. See Column P. of spreadsheet. 

• Excluded if staying in house 5 years or less. Unlikely to invest in such capital expenditure as a 
wood stove. See Column Q. of spreadsheet. 

• Excluded if on mains gas supply (though some clients contacted in Phase 2 on gas found they 
were still saving money) due to lower price of gas heating and less incentive to save by installing 
a wood stove. See Column R. of spreadsheet. 

• Excluded if wood stove already installed as Secondary Heating – see Column S. Assumed 
unlikely in majority of cases to have room/need for another. Although a number of properties 
have more than one installed, this was erring on conservative side. See also results, Phase 1. 

• Given a positive (tick) if they had Secondary Heat as an open fire (with an existing flue), burning 
Wood (Column AA), Coal (Col. AB), Gas (Col. AC) or as ‘Other’ – various ‘Open Fire’ appliances 
burning Wood, Coal, Gas or using electricity (Col. AD). 

 
Column X (‘Yes’ to wood stove) then ticked where no exclusion factor and at least one positive factor, to 
give potential for wood stove installation. 
 
 
Spreadsheet ‘WOODSTOVE, Existing only, RESULTS’ 
A condensed version of the above, for households with at least one wood stove, and additional columns 
to show savings estimated by householders. 
 
Document ‘BIOMASS ENERGY CENTRE - heating of buildings’ 
Extract from BEC website, showing related information on costs of heating buildings with biomass and 
typical household heat demand. 
 
Document ‘Extract from Energy Saving Trust – Savings’ 
Extract from EST website giving examples of financial and emissions savings by installing pellet central 
heating in a typical three-bedroom semi-detached house. 
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Appendix D. Feasibility of measuring heat output fr om log stoves. 

D.1. Aims of research 

The aim of this research was:  

1. To assess whether the heat output of a woodstove could be measured in a domestic setting, and if so, to 

what degree of accuracy and confidence.   

2. Establish, if possible, an operating efficiency of the stoves  

1,Given that the heat output of a stove will increase as the stove increases in temperature, the research initially 

sought to establish whether some form of linear relationship exists between the stove surface temperature (at any 

point on the stove) and the total heat output.  If this is consistent, and it can be shown that there is a fixed 

relationship between the temperature of a particular location, and the heat output, laboratory tests could establish 

the parameters of the algorithm, and from this a device to measure the heat output for a particular stove could be 

produced.  

2, The case for RHI support of wood stoves would be much stronger is they could be shown to be operating at a 

consistently high efficiency. 

D.2. Wood stove standards (BS EN13240) 

The standard for the construction and testing of woodstove is BS EN 13240 (British Standards Institute, 2011). The 

standard does not lay down any methodology for the assessment of a stove’s rated output but it does laydown how 

the efficiency of a stove can be measured and states that the manufacturers’ rated output cannot exceed the 

resulting heat output. The efficiency calculation is based on an analysis of the combustion process, assessing the 

heat that is lost via the flue both in the form of latent and specific heat capacities and any unburnt fuel left in the 

combustion chamber. Key factors in the test procedure are:  

1. The requirement for a wood fuel of very low moisture content (16±4)%,  

2. Manufacturers have to define whether their appliance is designed for intermittent firing or continuous 

firing, the latter implying an ability to operate efficiently at lower output for extended periods 

3. The flue draft is set at 6Pa 
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Whilst the EN standard goes into more detail, Siegert's formula (Solid Fuel Technology Institute) demonstrates how 

the efficiency of a stove can be derived (see text box).   

Using this analysis, it is clear that the stove rated output is only likely to occur under extremely high flue gas 

temperatures and that the best efficiency is likely to happen at lower outputs. Also in practice, as the burn rate of a 

wood stove is controlled by restricting the air supply, it is likely that efficiency and output will be dramatically 

affected under normal use conditions. 

D.3. Methodology 

There are potentially three ways of measuring the heat output of a wood stove: 

1. Measuring the efficiency of combustion and the  rate at which the wood is being burnt and deriving an 

efficiency and output as per BS EN13240 

2. Measuring the surface temperatures and, by calculation, estimating the heat emitted by convection and 

radiation. 

3. Measuring the temperature rise in an enclosed space and by understanding the heat loss characteristics, 

thereby assess the heat output. 

It was considered desirable to estimate the average performance of wood stoves over a period of time so as to 

ascertain their real life efficiency. Method 1 does not lend its self easily to such an approach as flue gas analysers 

are difficult to set up and sensitive to the high levels of contaminants in the flue gas during the poor combustion 

typical of part load conditions. 

 

The chosen method was to some extent restricted by time constraints and availability of equipment. 

 

The methodology involved: 

• Calculating the energy content of the wood sample by measuring its moisture content and relating this to the 

species of wood. 

Siegert's formula (Solid Fuel Technology Institute)  demonstrates how the efficiency of a stove can be derived: 

Efficiency=100 - ( (Mean Flue Temp ºC – Mean Room Temp ºC) x (A1 / CO2%) )  

Where A1 is a constant for the type of fuel, in this case 0.65 for wood.  

As can be seen, the lower the flue gas temperature and the higher the CO2 percentage, the more efficient the appliance 

can be.  Despite EN 13240, manufacturers claim relatively high heat outputs for their stoves. A typical figure might be 7kW 

but this is only achieved when the flue gas temperature is approximately 270-300oC and the flue draught is 12Pa as 

opposed to the level in the standard of 6Pa. The low moisture content of fuels used in tests will also inflate the likely rated 

output of the stove. With these high flue gas temperatures it is unlikely that efficiency will also be high as heat going up the 

flue is lost. Serup gives typical flue O2 levels of 11-12% i.e. CO2 levels of 8-9% (Helle Serup (Editor) et al., 2002). At rated 

output, this would suggest a stove efficiency of only 46 %. If the flue gas temperature drops to 200oC the efficiency rises to 

65% with an O2 level of 12% closer to the likely rated efficiency. However as the case temperature is closely related to 

heat output lower flue temperatures reduce the heat emitted by the case. 
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• Providing the same wood to nine domestic locations, and measuring the room temperature rise against 

estimated heat losses from the room containing the appliance, to give the useful heat released by the wood 

stove 

• Estimating the amount of heat likely to be lost in the flue gases using any information available about the stove 

installation and available software. 

• Measuring temperatures on the stove body to see if they correlate with heat output. 

 

The research was carried out in real-life domestic settings and the participants were requested to use the stoves as 

they normally would, without any particular instructions as to stove operation or use. 

 
Most of the houses had radiators or other heat emitters (i.e. cookers) within the same room. 
 
The preferred method for measuring heat lost through flue gases would have been to use a flue gas sensor inside 

the flue, but this would have involved drilling a hole in the flue connector through which to put the sensor, which 

was unlikely to be popular with the stove owners.  Because of the harsh conditions within the flue that they have to 

withstand, such temperature sensors also tend to be costly. 

D.4. Temperature Sensors 

Three types of temperature sensor were used in this trial, these were:  

• K type thermocouples 

• Platinum thermistors 

• Infrared sensors 

D.4.1. K type thermocouples  

are cheap and relatively robust, being able to measure temperatures of many hundreds of degrees centigrade. This 

latter property made them appropriate for the measurement of case and flue temperatures which could be 

expected to reach up to 300oC. 

The disadvantage is that they lack high accuracy, typically ±1.5-2.5oC. As the temperatures being measured were 

in the range of 80-250oC an accuracy of ±2% was deemed to be acceptable 

 

 
K type thermo couples 
 
There are two main disadvantages to using thermocouples: 
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• It is difficult to get good mechanical contact between the surface being measured and the device 

• They only measure the temperature at the specific point where they are attached 

Clips were used to hold the thermocouple to the stoves. This could potentially lead to under-reading of temperature 

as the clip conducts heat away: However they had the advantage of being non-destructive and relatively easy to 

install.  

 
Crocodile clip used to hold thermocouple to stove. 
 

D.4.2. Thermistors 

The thermistor-type temperature sensors available to the project were limited to a maximum temperature of 70oC 
making them suitable for the measurement of room and ambient temperatures. The accuracy is good at ±0.3% 
further enhancing their suitability for the measurement of low temperatures. Like thermocouples they can only 
measure temperature at one point. 

 
Thermistor type temperature sensor 
 

D.4.3. Infrared temperature sensors 

Infrared (IR) temperature sensors can measure an average temperature over an area of observation. Given that it 
is very unlikely that the surface of the stove would be of a consistent temperature this could potentially be an 
appropriate measurement technique for any future metering device. 



          
 
 
 

 
 

Incentivising log stove uptake – page 38 

 
Infrared temperature sensor and control unit 
Infrared sensors are sensitive to the emittance and so require calibration. On the units selected the emittance was 
set to 0.9 typical of dark surfaces.   
 

D.4.4. Comparison of sensors 

 
In data for one day, shown in the graph below it can be clearly seen how temperatures vary across the surface of 
the stove  

 
 
Note how the infrared sensor shows a higher temperature than the stove top: This is because it was focused on 

both the stove top and the flue spigot and so created an average temperature for the two. 
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A comparison of thermo couples, the infrared sensor and a Flir infrared camera show good correlation except for 

very low temperatures at the bottom of the case, as can be seen in the table below. 

 IR Camera K type Thermocouple IR sensor 
IR looking at case top   148 
Case Top 150.2 148  
Case Side 85.4 88.7  
Case Bottom 56.7 40  
 

D.5. Calculation of heat output 

 
Four possibilities were considered for the calculation of amount of heat that might be eligible for the Renewable 

Heat Incentive. These are summarised below. 

 

IR Sensor 

K type 
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. 
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Method A  simply takes the energy content of the wood multiplied by the efficiency of the stove and gives the result 
as the eligible heat.  However this method is considered impractical unless it can be shown that the efficiency of 
stove is consistent across a wide output range 
 
Method B  is a more complex version of Method A – it takes the calorific value of the wood and subtracts the 
various losses involved in combustion, giving the result as the eligible heat. However it is not likely to be practicable 
for a system such as the RHI as there are too many variables to be measured. 
 
Method C  looks at the heat emitted from the stove in various forms and takes the sum of this as the heat eligible 
for the RHI.  It is potentially possible as a method of calculating eligible heat as long as the operating environment 
is understood and provided that variations of temperature across the stove surface could be accounted for. 
 
Method D  adds together the heat calculated to be lost through air changes and through the building fabric and 
takes this total as the potential eligible heat for the RHI. This is potentially possible as a research tool but would be 
impracticable from a support scheme perspective as every installation has different heat loss characteristic.  
 
In this report Methods C and D are investigated further. 
 
Method C 
Hot surfaces such as wood stove emit heat by two principal mechanisms: radiation and convection. Both are 
greatly affected by the difference in temperature between the surface and the surrounding environment. The 
greater the difference, the greater the heat emitted. 
 
Radiant heating 
The amount of heat that a surface emits is dictated by the emissivity of the surface, the radiant temperature and 
difference between the hot and cold surfaces and is derived from  
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Convective heating 
The amount of heat that is emitted by convection is complex and dependent on the type of flow over the surface 

(laminar or turbulent), the orientation (vertical or horizontal) and whether there is any forced convection. 

 

The Chartered Institute of Building Service Engineers (CIBSE) publishes a table of heat loss from different surfaces 

at different temperature differentials in their Guide C (CIBSE, 2007) 
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These tables have been used along with the relative areas of the stove to calculate the likely amount of heat that is 

being dissipated at any one time. 

D.6. Stove Selection 

Nine stoves were monitored in situ, eight without back boilers and one with a back boiler.  Due to the tight time 

constraints of the project, selection was down to the convenience of location and the likelihood of stove owners to 

record required information.  Stoves ranged from under 5kW to 12kW rated output, and were from a variety of 

manufacturers with a range of flue configurations. 

 

 

Stove A  
 
• Make of Stove - Woodwarm Fireview 
  
• Rated output - 9kW 
 
• Stove fitted with back boiler 
 

• Flue – 6” concrete / vermiculite within 
existing chimney. Flue runs straight from 
stove to termination. 

 
• Estimated height of flue 7.7m 

 
 

 

Stove B  
 
• Manufacturer unknown  
 
• Rated Output < 5kW rated 
 
• Twin wall insulated stainless steel flue, 

100mm diameter enamelled appliance 
connector. 

 
• Estimated height of flue 5.2m 

 
 

 

Stove C  
• Make of Stove - Hillandale Monterrey  
 
• Rated output - 7kW 
 
• Stove open to living room at front and 

kitchen at back 
 
• Flexible stainless steel flue liner with 

vermiculite surround within existing 
chimney. 

 
• Estimated height of flue 5.7m 
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Stove D  
 
• Make of Stove - Stovax Brunel  
 
• Rated output - 7kW 
 
• Stove open to living room at front and 

utility room / hallway at the back 
 
• Rigid 6” flue. 
 
• Estimated height of flue 8.1m 
 

 
 

 

Stove F  
 
• Make of Stove - Morso Panther 

2130  
 
• Rated output - 8kW 
 
• Stove set in inglenook fireplace 
 
• Rigid 6” flue within existing chimney. 
 

• Estimated height of flue 8.4m 
 

 
 
 

 

Stove F  
 
• Make of Stove - Charnwood Villager 
  
• Rated output - 12kW 
 
• Stove set into fireplace 
 
• Twinwall flexible 6” flue within 

existing chimney. 
 
• Estimated height of flue 7.35m 
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Stove I  
 
• Make of Stove - Norvikk  
 
• Rated output - 5kW 
 
• Stove set into fireplace 
 
• Stainless flexible liner surround by 

vermiculite within existing chimney. 
 
• Estimated height of flue 7.35m 
 

 
 

 

Stove G  
 
• Make of Stove - Stovax Stockton 
 
• Rated output - 8kW 
 
• Stove set into inglenook fireplace 
 
• 6” flexible stainless steel flue within 

existing chimney 
 
• Estimated height of flue 6.97m 
 

 
 

 

Stove H  
 
• Make of Stove - Woodwarm 

Fireview 
 
• Rated output - 9kW 
 
• Stove set into fireplace 
 
• 6” rigid stainless steel flue  
 
• surrounded by vermiculite within 

existing chimney 
 
 
• Estimated height of flue 9.15m 
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D.7. Monitoring equipment 

 
The stoves were fitted with temperature sensors and Pico / Enviromon data recorders (loggers).  

 

Temperature sensors were set up to measure the: 

• Outside of the fluepipe connector (K type thermocouples) 

• Top of the stove casing and if possible other locations (K type thermocouples) 

• Room Temperature typically at 1.5 -2m above floor level (K type thermocouples or platinum thermistors) 

• Ambient temperature (where possible) or bottom of stove casing (K type thermocouples) 

• On the stove with the back boiler the temperatures of the flow and return pipes were also measured. (K type 

thermocouples) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure x Temperature sensor fixed to flue connector  
(above) 
Figure x Data loggers and sensors attached to  
flow and return pipes (right) 

D.8. Information gathered regarding the installatio n 

 
When the data loggers were installed, information was also gathered relating to: 

• The flue construction 

• Height of flue 

• Type of flue termination 

• Dimensions of room in which appliance was located 

• Size and location of any dedicated air vents 

• Level of draught proofing 

• Building construction and levels of ventilation 

• Compliance with current building regulations 

• Pattern of use of the stove 
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D.9. Wood supply 

Wood for the project was supplied locally by Ritchie Tassell of Taliesin.  The wood was made up of more than 90% 

sycamore, the remainder being oak and birch. The wood had been seasoned and stored under tarpaulins.  It was 

delivered to one of the project team and then divided into 9 lots, each of which was delivered to the stove owners.  

Fortunately the weather was dry during the period that fuel was being transported. 

D.10. Information recorded by the stove operators 

The users of the stoves were asked to burn the wood supplied over a few days and to make a note of the time, 

date when the stove was fuelled, and the weight of the logs added, using scales (accurate to 1g) provided by the 

project.  They were also requested to write down any other pertinent information relating to use of the stove, such 

as emptying of ash pans or leaving the stove slumbering overnight.   

D.11. Estimating the moisture content of the wood 

A sample of wood was taken from the wood delivered by the fuel supplier, and 5 logs were split. Of the resulting 

pieces, 5 were marked with a marker pen (A-E) and dried in an electric oven for 25 hours.  The weight of each 

piece was recorded before and after drying, and one control piece was removed from the oven every hour or so to 

be weighed. Drying was considered to be complete when the weight loss of the control piece slowed down to a 

level of 2g per hour. 

 

The results were as follows: 

 
 

Sample  
Start 

weight g  
End 

weight g  
Weight 

difference g  
Moisture content % 

wet basis  
Moisture content% 

dry basis  
 
A 607.00 478.00 129.00 21.25 26.99 
B 565.00 467.00 98.00 17.35 20.99 
C 1005.00 832.00 173.00 17.21 20.79 
D 589.00 471.00 118.00 20.03 25.05 
E 697.00 563.00 134.00 19.23 23.80 
Average     19.01 23.52 

 
 
Three pieces of wood from the same sample were also tested with an electronic moisture meter.  (TimberMaster) 
 
The results (% wet basis) of 9 measurements were as follows. 
 

Reading  
Moisture content 
Wet Basis (%) 

1 25.60 
2 21.80 
3 22.60 
4 24.60 
5 20.70 
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6 23.30 
7 24.30 
8 21.40 
9 26.60 

 
This gives an average of 23.43% 

 

There is some lack of clarity as to whether the moisture meter is measuring to a wet mater basis or a dry matter 

basis, the latter being more likely especially given the close correlation Otherwise the reason for the discrepancy 

between the figures may be because the oven-dried samples would have lost a few more grammes had they been 

left for several more hours, giving a higher moisture content figure..    

D.12. Calorific value 

The calorific value of wood fuel is quoted consistently between species  

  

Calorific value of wood by species (Rolls, 2011) 

However what is less clear is the basis on which it is quoted. The calorific value of a fuel can be quoted in two 

ways, net or gross, The latter includes the latent energy that is contained in the water vapour in the fuel. 

Traditionally gross calorific values are used in the UK . When wood is burnt the energy in the water vapour is 

unavailable as to extract it would require it to be condensed out which in turn would cause corrosion in the flue and 

stove. For this reason the efficiency of wood appliances (especially those that are from the continent) are typically 

quoted on the basis of the net calorific value of the fuel, that is the gross calorific value less the latent heat of the 

water vapour. Sources such as K. Reisinger, 1996 and Hartmann et al., 2007 quote net calorific value for hard 

woods in the range 17.5-18.5kJ/kg net basis for completely dry wood.  This equates to 4.86-5.1kWh/kg, slightly 

less than indicated by Rolls (above). In this report a value of 18kJ/kg net has been used, which at a moisture 

content of 19% wet matter basis, equates to a net calorific value of 13,92 kJ/kg or 3.87kWh/kg 
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D.13. Heat loss calculations 

The heat loss from the rooms in which the stoves are located was estimated by looking at the building fabric and 

the rate at heat would be lost through floors, walls, ceilings and openings, using estimated U Values (Watts/m2) for 

each building element.  Air change rates were based on the level of draught proofing and likely infiltration from 

other areas of the house. 

 
Flue calculations 

The following features of the chimney were identified:   

• Diameter  

• Length/diameter/material of appliance connector 

• Number /type of bends through whole flue/chimney route 

• Chimney terminal type 

• Chimney location  

• Appliance identification  

• Clearances  

• Combustion air  

• Height above seal level 

• Size of appliance room 

 

This in turn allowed a calculation to made using Kesa Aladin software to EN 13384-1. This provides the following 

calculations at the rated output:     

 

• Flue velocity at rated output m/s  

• Flue temperature  

• Risk of flue condensation  Co 

• CO2   % 

• Manufacturer's stated mass flow at rated output g/s 

• Min draught Pa achieved 

 

The problem here was that many of the stoves did not have identifiable data sheets. This means the working 

conditions of the stove had to be assumed from known similar stoves. It would have been ideal to have been able 

to use a flue gas analyser but this would have been a high expense to have left recording at each property. 

D.14. Thermal imaging 

An infrared camera was used to take thermal images of some of the woodstoves when they were alight, in order to 

see whether taking a temperature reading of a particular part of the wood stove would allow correlation between 

temperature of the stove body and heat output. 

Under normal conditions the stove may well heat up in a fairly uniform manner as shown in figure  4 a) below 
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However if the fuel within the stove is unbalanced, or if one side is burning more fiercely than another, heat is not 

distributed evenly around the body of the stove as shown in Figure 4 b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Therefore a temperature sensor on the body of stove is unlikely to represent the amount of heat radiated and 

convected into the room. 

As can be seen in the thermal images, the glass of the stoves is consistently shown to be one of the hottest 

surfaces at close to, or the same temperature as, the flue. 

    
 
Figure 4 c) and 4 d) Thermal images of stoves at site C and B.  Note how the glass is at a comparable temperature 
to the hottest parts of the stove. 
 
Temperature readings 

Readings were taken by loggers at two minute intervals for the duration of the test period. Where possible 

temperatures where taken at more than one location on the stove’s surface. Data was filtered for periods when the 

stove temperature was less than 4 degrees above the room temperature i.e. there was little or no useful gain. The 

surface of the stove was then assumed to be at constant temperature across the top, an average temperature 

between the top and the bottom for vertical surfaces and a constant temperature across the bottom. The glass 

surface of the stove was assumed to be at the same temperature as the flue gas. 

 

Figure 4 a) thermal image of woodstove when lit & b) the right hand side of the 
firebox is filled and burning. 
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D.15. Heat loss calculations 

Heat loss calculations assume a given outside temperature and a target inside temperature. Due to the relatively 

mild weather during the test period, room temperatures were affected by the number of inhabitants and appliances 

running, in particular use of cookers or radiators from other heat appliances. To try and compensate for this in 

estimating the useful gain to the room, at the beginning of an ignition period a snapshot of the prevailing room 

temperature is taken and this figure is used as a base temperature. Any subsequent temperature rise above this 

figure is attributed to the stove. 

D.16. Analysis  

The resulting data was then aggregated to estimate the amount of heat that was emitted into the room during the 

test period. This figure was then compared to the energy in the fuel input enabling an estimate of stove efficiency to 

be met. 

D.17. Test results 

 
Tests were carried out at 9 sites; at two of the sites the data collected by the loggers was corrupted and so 

discarded as useless. At site F some flue temperature data was corrupted and this data was discarded . Site B was 

used for testing the infrared temperature sensor. 

Test results show a good correlation between fuel loading and temperature: the graph below is typical of the results 

obtained. 

 

 
 
With the exception of one site, all users were lighting the stoves once a day then letting the fire go out overnight. 

It was noted that fuel loading is regularly required and stove temperatures tend to follow the loading pattern, which 

might have implications for households where residents are out for long periods of the day or have difficulty moving 

fuel. 

 
The table below shows a summary of the results obtained  
 
Site Rated  

Output 
(kW) 

Maximum 
calculated 
output  
Method C 
(kW) 

Average 
operating 
efficiency 
derived 
from 

Average 
operating 
efficiency 
derived 
from 

Max flue  
temp 
(oC) 

Average 
flue 
temp 
(oC) 

Comment 
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Method 
C 

Method D 

A 9 4.7 36% 42% 262 88 Includes estimate 
of heat to back 
boiler. 

B  2.4 35% 11% 276 92 No secondary 
combustion air 
on this stove 

D 7 3.2 32% 11% 182 92  
E 8 2.6 18% 5% 210 91 Case 

temperatures are 
low possibly due 
to poor 
mechanical 
contact 

F 12 5.1 41% 23% 237 89 Fire run for long 
period 

G 8 2.4 23% 18% 171 81 Used in short 
evening bursts 

H 9 3.5 60% 57% 239 70 Fire run over 
night 

Note all data was lost for sites C and I 
As can be seen in general the stove outputs are low when compared to the rated output.  This could be for a 

number of reasons: 

1. The model of convective and radiative heat is failing due to limited temperature measurement 

2. The flue temperature rarely if ever reaches the temperature suggested in manufacturer’s data. As radiative 

heat emission is proportional to the fourth power this will have a big impact on stove output. 

3. The rated output of a stove is not indicative of the real life performance 

 

Average operating efficiencies are relatively low, probably because the average flue temperatures are low. 

Most users tended to light the fire and then, once established, the air supply was closed down resulting in a 

reduced flue and combustion temperature. As charcoal burns at temperatures of greater the 500oC (Hartmann 

et al., 2007) low flue temperatures are likely to result in low efficiency.  

The one exception to this rule is site H here the operating regime was very different with the fire being kept in 

overnight. This may have enabled the stove to fully come up to temperature enabling better heat emissions 

from a wider area. There would also have been a better match in between the optimum combustion 

temperature and the case size. 

 

It was noted that the flue gas temperature rose after fuel loading, suggesting that the flue temperature might be 

proportional to fuel load. To test this hypothesis the flue temperature was multiplied by the time interval of the 

sample rate to produce a degree hour figure. This figure was then accumulated for each day and plotted 

against the fuel energy inputted that day. The results are shown below. 
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As can be seen, a broadly linear relationship is achieved. The more efficient site H lies above the line whilst 

less efficient operation will lie below the line. Such an algorithm could be used as the basis for monitoring wood 

stoves for support payments. Unlike the RHI where the payment is for delivered kWh this payment would be 

arbitrarily selected to provide sufficient support to incentivise the use of wood stoves. The user however would 

receive support in proportion to the amount of fuel converted to heat. 

 

The advantage of such an arrangement would be that the monitoring equipment would be relatively simple, 

with a single temperature probe permanently mounted within the flue 

D.18. Conclusions and next steps 

• There is no simple linear correlation between the stove’s surface temperature at a particular spot and the 

total heat output. 

• It is not possible to easily measure heat output from woodstoves in a domestic setting with good accuracy. 

• The operating efficiency of wood stoves appears to be relatively low. 

• It would be possible to create a support payment for log stoves based on a degree hour algorithm. 

• Further research into the real life performance of wood stoves is required ideally during colder weather and 

with more detail of the operating environment. 

Rob Gwillim 

Jacinta MacDermot 

Chris Laughton 
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Appendix E. Wood Stove Output Calculations 

E.1. Summary 

This document describes and summarises some calculations made of wood stove outputs using 

measurements of room and wood stove surface temperatures for the Eco-cabins at CAT. A literature 

review located a research paper by Modera which describes a physics-based calculation method, which 

is similar to the method developed independently in the Eco-cabins work. A New Zealand study has 

cited the work by Modera, but that study did not find that the theoretical model gave good agreement 

with their measurements, although the reasons for that are uncertain. Communications are under-way 

with the authors to try to clarify how their calculations were made. A Testo 350 XL flue gas analyser 

(FGA) which was hired for use on the REBE course was also used to measure the emissions, and to 

infer the efficiencies of two wood burning stoves, one a multifuel range stove, with back boiler, made by 

an Italian company (Bosky), the other was a Danish wood burning stove, also with a back boiler, a 

Morso Dove.  

E.2. Thermal Emission Models 

Thermal emission from an object which is hotter than its surroundings occurs by several methods, 

radiation, conduction and convection. The radiative part of the process is well modelled by treating the 

object as a grey body, which is a black body emitter having an emissivity, which is a constant 

independent of temperature and wavelength, representing the lower than black body emission. It is likely 

that suitable emissivity values would be in the range 0.80-0.95 for wood stoves (Modera gives the range 

of values as 0.85-0.95). This emissivity then represents the grey body emitting less radiation than the 

perfect emitter would do. The radiant power emitted is given by: 

4
sssr σTεA=P  

where Pr is the power radiated from the object, As is the surface area of the object, εs is the emissivity 

(dimensionless) of the object, σ is the Stefan-Boltzmann constant (value 5.67E-8 Wm-2K-4) and Ts is the 

surface temperature of the object in K. 

The room radiates back towards the stove in a similar way, and if the surface area of the room is much 

larger than the hot object surface area we obtain: 

Prad=As εs σ (T s
4−T r

4)  

where Tr is the surface temperature of the room in K. This is Modera's equation 2. Note that the 

temperatures have to be in K in these equations. 

The other part of the heat emitted is in the form of thermal conduction and convection. For the Eco-

cabins a simple approach was taken-different from Modera's more correct version, which will be 

described later. The approach assumed that the emission via conduction and convection is proportional 

to the temperature difference between the hot object and the room, and with a scaling constant chosen 

such that the total emission to the room (i.e. all output except the wet thermal system) matched the 
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manufacturer's specified output, for the highest temperature measured on the surface of the stove when 

it was fired hard for an extended time. The surface temperature was measured using a Calex fixed infra-

red sensor, model EL101, which is now discontinued. A suitable replacement would be the Calex PC 

series. The price of these sensors is around £150 each. They are available with various temperature 

ranges (0-250ºC or 0-500ºC being the most suitable), electrical output types, and fields of view. These 

sensors can be used in ambient temperatures between 0 and 70ºC, assume a fixed emissivity of 0.95 

and have accuracy ±1% or ±1ºC whichever is the greater. At the highest measured surface temperature 

of 418K (145ºC) this would imply an accuracy of ±4.2K. That translates to an error in the power of ~33W, 

<2% error from this sensor alone. A worked example is given below: 

As=1.5m2 

εs=0.9 (no units) 

Tsmax=418K (145ºC) 

Tr=293K (20ºC) 

Therefore P=1775W. The manufacturer rates the stove as 15,000W total output, 12,000W to the we 

thermal system, so 3,000W is expected to be emitted to the room where the stove is installed. As 

approximately 1775W are expected to be emitted by radiation (assuming the surface temperature 

reading to be representative, which was determined before the sensor was installed using a hand-held 

infra-red thermometer), there should be 1225W emitted under these conditions by conduction and 

convection. The simple model used is: 

P=C0(T s−T r )  

where C0 is a constant with units W/K evaluated when Ts=418K, Tr=293K and P=1225W. This gives 

C0=9.80W/K. The graph below shows the behaviour of the aspects of this model for different stove 

surface temperatures with a room surface temperature of 20ºC: 
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It can be seen that the radiative power increases non-linearly with stove surface temperature, and that 

according to this simple model the radiative component is a little more significant than the conductive 

and convective parts at higher temperature differences. Note that by design the total output is 3000W at 

145ºC, in order to match the manufacturer's ratings. If the stove is at a lower temperature than the room 

surfaces then it will be heated by the room, this is indicated by the negative powers. 

Modera developed a more physically correct model for the conductive and convective parts of the heat 

emission, so that the total thermal output excluding back boilers can be written: 

P=Prad+ As K '
(T s−T a)

4/3

[(T s+ T a)/2]
0.41

 This is Modera's equation 9 

where Prad is the radiative output given earlier, K' is a constant of value 15.9Wm−2 K−0.92
and again 

temperatures must be in K. 

Modera tested this equation with four models of stove, in several firings in a room-sized calorimeter, and 

found good agreement, with typically around 10% error in integrated heat output results from a burn. The 

paper claims that they can predict heat output to within 25%, and also discusses the issue of which 

surface should be measured. Some surfaces (stove tops) were found to be most consistent, but over-

estimated the output. A calibration factor for those surfaces could be used to give reliable predictions. 

Other surfaces were more variable in the thermal output they would predict, and both over and under 

estimated the output. They also discuss removing the bottom of the stove from the model as it is usually 

at a much lower temperature and has less conductive and convective output too. The paper concludes 

that monitoring a single surface temperature can be a feasible and low cost way of estimating the 

thermal output of wood stoves. They did find some odd differences, such as asymmetries in 

temperature, and strong dependencies on the location of the sensors. 

The HEEP research conducted in New Zealand cites the Modera work, but they could not get good 

agreement with experimental values, in-fact they say that the Modera values exceeded the energy 

contained in the wood! That is surprising, as the model appears to be well grounded in physics, and as 

will be shown later it produces values which are quite similar to those from this author's simple model. 

The HEEP paper doesn't seem able to provide a good explanation for the discrepancy, although their 

papers don't describe very clearly what they did, or give a single overall equation.  

The method they have used is to calculate thermal gains from all known sources, and attribute any 

discrepancy to the wood stove. There are considerable assumptions and sources of error in that 

approach. The data they show has a great deal of scatter in it, and they then average that data, discard 

some of it, and then force their line of best fit to have a certain point on it, or intercept-it isn't certain 

whether they changed the gradient of the fit or not. They developed the method using gas heaters, and 

found ±20% errors in that. It is not clear to this author how they correlated the temperature 

measurements they made (flue) with the heat calculations either. The only equation given seems at odds 

with the text describing it and the data presented, as they say that the line of best fit was adjusted so that 

at 17.5ºC the thermal output of the stove was 0W. Communication with the authors has been established 

and clarification is being sought. The line of best fit they give comes from data for only one stove, but 

nevertheless results from it are plotted below, in comparison with the values from the other methods 

described previously, for a stove of 1.5m2 surface area, which is fairly typical: 
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It can be seen that there is close agreement between the Modera model and the simple Eco-cabins 

model, although this could be chance in this single case. The grey body emission curve is shown again 

for reference. The HEEP equation is also plotted, both as given, and with an efficiency factor. The text of 

their paper is not very clear, but they seem to say that it is necessary to multiply by an efficiency factor 

as the equation was produced from gross energy into the stove. Again, clarification is being sought.  

Although there is uncertainty as to the exact equation, they show a plot which shows some of the same 

traits. For example in the HEEP paper they comment that the outputs they found depended much less 

strongly on stove surface temperature than the Modera equation, or indeed the grey-body curve. They 

suggest removing the radiative term from the equation altogether, but state that the Modera's equation is 

an underestimate. Removal of a term that physics says should be there seems very arbitrary and 

incorrect. The reasons they give for the output of the stove not agreeing well with Modera's equation 

don't appear valid to this author. For example they suggest that because modern stoves have secondary 

combustion air or ceramic tiles the stove surfaces would be at lower temperatures and perhaps a greater 

proportion of the stove output is via conduction and convection. However, if the surface is at a certain 

temperature then it will radiate according to the dependency given in the equation. This author does 

expect the surface temperatures of modern stoves to be lower than the simple single skin stoves 

investigated by Modera. It could possibly be that the convective or conductive term should be modified a 

little, but overall Modera's work seems much better grounded in theory. 

The HEEP paper inferred the outputs of 244 wood burning stoves. Some of their conclusions are useful 

and have had implications. They found that self-reporting of wood combustion was very inaccurate, for 

reasons of fuel variability, end-user error or bias, combustion of waste etc. Their research has lead the 

NZ government to amend its statistics as to the extent to which biomass is used to heat domestic 

houses. This author has had some response from the authors of the HEEP work, and they have said 

that some of the early reports are now not on the internet as they have changed their methodology. This 

author will continue to clarify the points that are uncertain at present. 

If a single temperature measurement can be found to predict the output of a wood burning stove 

reasonably accurately, then cost-effective monitoring should be possible. Of course there are still issues 
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with air change rates being possibly increased by the installation of the stove, reducing the thermal 

efficiency of the building, the lower temperature combustion air being drawn into the room would reduce 

the useful output of the stove, and also there are issues with incentivisation of heat production, as is the 

case with other RHI type payments. Another difficulty with monitoring the output of stoves in this way is 

that the thermal output increases strongly with the temperature of the stove. To make the readings 

simpler a single temperature reading could be used, and the room temperature assumed, however that 

lowers the accuracy of the predictions. Even if the room temperature is measured any small difference 

between the room temperature and the measured stove temperature could be integrated over the long 

times between firings to a large amount of output, in a positive or negative sense. One possible simple 

approach to reduce this effect would be the use of a dead-band or threshold which the stove would have 

to exceed before significant output is expected. That would reduce issues with long term low level 

outputs being integrated into potentially large energy values. 

E.3. Other Data 

Data measured by the monitoring system in the Eco-cabins are supplied with this document. The 

thermal output of the stove is calculated as described above. The data includes measurements of the 

wet thermal output of the stove, and interior (room where the stove is located, and a corridor only heated 

indirectly) and exterior temperature readings, and output from the solar thermal system. The wet thermal 

outputs are measured using pulse output flow meters and flow and return temperature sensors and 

calculating the heat output from these readings. Further temperature readings of the wet system fluid 

temperatures, flow rates and temperature readings in the hot water cylinder are also available but are 

not included here. It is apparent from the data that the stoves are sometimes fired by visitors to higher 

temperatures than was chosen for the maximum in the calculations above. There are occasions when 

the indoor temperature is approximately 30ºC, and the stove is probably being over-fired. There are also 

sections where there are errors in the data, for example room temperatures very significantly below zero 

ºC; this could be during start-up or testing of the logger. 

FGA readings are included with this document for a multifuel range style cooker manufactured by Bosky, 

running on wood, and for a wood stove with a back boiler manufactured by Morso, a Dove (1630) model. 

The FGA was setup for wood with appropriate water content, as recommended by the manufacturer. 

Changing the coefficients to those for wood at different water content was found to not have a strong 

effect on the calculated efficiency. The efficiencies claimed by the manufacturers are also included in the 

specification documents. Also included are FGA readings taken with the same equipment for more 

sophisticated boilers including an Okofen 20kW pellet boiler, a Navora batch boiler and a KWB Multifire 

100kW woodchip boiler located at CRAFT in Aberystwyth. Some typical efficiency data from each is 

shown below, but the reader is encouraged to examine the rest of the data. The Okofen appears to have 

been performing a little less well than would be expected, but whether this is due to pellet quality or 

some other cause is unknown; it had been thoroughly cleaned fairly recently, and was warm and not 

idling. It should be noted that the data for the batch boiler and the Bosky include briefly opening the door 

to add some more logs. 

 

% Effn Navora KWB Multifire Okofen Bosky Range  Dove Stove 
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Batch 
boiler 

with back 
boiler 

 Log Batch Woodchip Pellet Log Log 

Mean 86 78 77 55 62 

SD 4 2 2 7 7 

Claimed 
Effn 

~91% Net ~92% Net 
Probably ~91% 
Net 

Unknown 
74% Net 
64% Gross 

 

 

Wood stoves could be questioned to some extent environmentally, for being lower efficiency, and for 

producing significantly higher emissions of particulates (which the FGA does not measure) or possibly 

other gasses than other alternative heat sources. That assessment is fairly complex however, as there is 

usually no electricity consumption and less transportation associated with wood stove usage. 

Arthur Butler , CAT 03/2012 

E.4. Implication of this paper on the report findin gs 

A first glance this paper appears to contradict our findings. To test the accuracy of our predictions the 

temperature data we had gathered every two minutes was inputted into the Modera model described. 

The results for the radiative and convective components were then plotted against each other as shown 

below. If the models were comparable the result should be a straight line with a slope of 1. 

 

As can be seen the convective component is slightly underestimated by about 11% whilst the radiative 

component is slightly overestimated by 6.5% giving a combined error of 5% between the totals of the two 

models. 

The key findings of our research are confirmed, in general wood stoves are not operated at the very high 

temperatures required to achieve rated output. When they are the flue gas temperature will be very high 

in excess of 275oC which results in very high flue losses.  
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It is worth noting that when a back boiler is fitted to the stove the heat recovery is much improved as flue 

temperature is dropped even though fire temperature is relatively high.  

Rob Gwillim 
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Appendix F. Business models 

Six possible business models were identified for a log stove based social enterprise. In this  section of 
the report we will investigate these models one by one and explore their structure. In each case we 
provide: 

• A diagram showing financial and contractual relationships necessary. 

• A brief description of the model 

• Analysis of the strengths and weaknesses of the model 

• Detail of probable contractual or legal relationships needed 

The models are as follows  

 
In the model map diagrams which follow we use a common format to assist comparison. The key 
remains the same – green arrows for money, blue for supply of goods, red lines for contractual 
relationships. Wherever possible the actors are in the same position on the page:  

• Social Enterprise – the 

organisation we are trying to 

establish 

• Government – standing for 

any relevant agency that 

administrates the Green Deal or 

RHI 

• Heat User – the home or 

business where the stove is to 

be installed 

• Fuel supplier – the provider of 

biomass fuel. 

 
 

Model    maps 

 

Fuel supplier 

Social Enterprise 

Heat user 

Government 

Contracts 

Goods 

Money 
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F.1. 1a: No RHI, Green Deal funding for stove insta llation 

 

F.1.1. Description 

This structure presupposes that the Green Deal proposed by Government is in fact enacted and that it 
includes log stove installations. In summary, the Green Deal is a mechanism which allows the cost of 
energy efficiency or renewable energy installations to be defrayed over time through the beneficiaries 
fuel bill.  The Green Deal was clearly conceived initially to be a solution for energy efficiency measures, 
to be paid back through electricity and/or gas bills levied by large energy companies. However the 
current proposals do include biomass heat and therefore by implication a mechanism for paying back the 
cost of installation through bills to an accredited biomass supplier.  
Our model shows the Social Enterprise as the provider of the log stove, although there is in principle no 
reason why it could not also be the provider of fuel.  

F.1.2. Strengths and weaknesses 

Key strengths: 
• In this model there is no need for any bespoke contracts. This is the essence of the Green Deal in fact.  

• Return on investment to Social Enterprise is to some extent guaranteed by the scheme 

• Govt structure and involvement may be useful in marketing the scheme 

Key weaknesses: 
• Stoves are rarely the only or main heating device and are unsuitable for this in most cases. The issue 

of adequate usage arises more strongly that with other measures – there will need to be a ‘fair usage’ 

clause in Green Deal which may prove unappealing to clients 

• Unlike appliances working on piped gas or electricity, wood stoves can be fuelled on a large array of 

fuels. This adds to the difficulty of maintaining an adequate usage of certified fuel to guarantee 

payback. Can also be covered by the ‘fair usage’ clause 

• Green deal is really designed for very large providers who can absorb unforeseen costs by 

aggregation. For example, Green Deal regs allow for “additional protection to vulnerable consumers, 
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including the commitment never knowingly to disconnect a vulnerable consumer”. Another example -

there is no protection under Green Deal for provider if property is empty 

• Not yet clear whether Green Deal payments would be made to fuel supplier (as shown) or on 

electricity bill. 

• Dependent on Government Scheme - biomass is proposed but may not in the end be covered under 

Green Deal. 

 

F.1.3. Contractual and legal relationships 

The Social Enterprise is here the Green Deal ‘Provider’. The Green Deal standard contracts are all that 
is needed or possible here and the success of any scheme will be highly dependent on the detail of 
those arrangements. 
The government stands as honest broker and provides 2 services: 

1. Standard Green Deal agreement. This goes three ways as can be seen by the contractual 
relationship arrows which all end with Goverrment. 

a. Between the Provider (us) and Govt. The Social Enterprise is a Green Deal provider and installs the 

stove under an agreement with Government 

b. Between the Heat User and Govt. The Heat User signs up to Green Deal and agrees to have install 

from accredited Provider and buy fuel from accredited fuel supplier 

c. Between Fuel supplier and Govt. The Fuel supplier provides fuel under Green deal. 

2. Money handling. The Govt levies an amount from the Fuel provider relating to fuel sold to a 
Green Deal client and brokers this back to the Provider 

As noted, log stoves are very different to the majority of appliances covered under the Green Deal in that 
both their usage and their fuelling is somewhat unpredictable. In order to bring them under the Green 
Deal contracts, they would have to include agreements for minimum or ‘fair use’ of the appliance and of 
accredited fuels. This is in principle possible but extremely hard to enforce and it is perhaps hard to see 
Government taking this on in the early years of the Green Deal. 
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F.2. 1b: no RHI, private loan fund for stove instal lation 

 

F.2.1. Description 

This is one of the simplest models. The Social Enterprise simply provides the stove on a hire-purchase 
or similar basis. The Heat User is free to buy fuel from any source. This model could be of value in 
promoting the use of more efficient log stoves than are currently the norm and removing the disincentive 
of high capital outlay. 

F.2.2. Strengths and weaknesses 

Key strengths: 
• Simple model, readily understood 

• Can use standard legal forms 

• Can provide easier access to the new, more efficient stoves 

• Not dependent on any Government Scheme. 

Key weaknesses: 
• May be hard to market  - long commitment for clients 

• Already available from commercial sources 

• Carbon benefits are not guaranteed as users could in principle use less sustainable fuels 

• Contractual complications 

F.2.3. Contractual and legal relationships 

Standard hire purchase agreements exist for many items, from washing machines to cars. However the 
key similarity between items that can be purchased in this way is generally their portability and resale 
value. In the case of a stove, the high cost of installation and low resale value may mean that this type of 
arrangement does not work very well for either party. If the Heat user wishes to move house, it is not 
likely to be practical to take the stove with them. They will thus be stuck with a contract which may have 
many years to run but which pays for an item which they can no longer use. 
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The solution to this would usually be to secure the loan on the property – this is more analogous to 
financing deals on conservatories or double glazing. However there are two major issues here.  Firstly, 
deals of this type tend to be relatively short-term whereas the stove repayment period would probably 
need to relate to the payback period which will be in the order of 10 years.  Secondly, it is unlikely that a 
log stove will be seen as a measure which increases the value of the home to the same extent. 
Any sort of leasing arrangement in which the commitment to the stove goes with the property is probably 
unworkable - if the stove is not the main or only practicable source of heat, any new occupier may not 
use it (or the property may lie empty). A legal requirement to use a certain amount of heat is much more 
likely to be seen as onerous rather than a benefit on any sale. 
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F.3. 1c: no RHI, fuel supply only 

1c:    no    RHI,    fuel    supply    only 

Fuel supplier 

Social Enterprise 

Heat user 
Fuel supply 

Payments for fuel 

Contracts 

Goods 

Money 

Fuel supply  

contract 

Payments for fuel 

 

F.3.1. Description 

In this model, the stove is not supplied by the Social Enterprise (although it could be- this model is 
compatible with 1b). 
The Social Enterprise enters into a contract with the Fuel Supplier – and indeed both could be the same 
body. 
The offer from the Social Enterprise to the Heat User competes alongside other fuel providers.  The 
Unique Selling Points could be: 

• Quality of fuel 

• Sustainability of fuel 

• Value for money (especially through standardisation of quantities, weights etc) 

• Service (especially improved delivery sizes, frequency, formats) 

 

F.3.2. Strengths and weaknesses 

Key strengths: 
• Simple model, especially for Heat User  

• No need for contract with Heat User (and potentially no contract at all if Social Enterprise and Fuel 

Supplier are the same body – although in this case the Social Enterprise would likely have contracts 

with woodland owners) 

• Could grow organically starting with existing users and then used as platform to support efforts to 

popularise increased takeup of (modern) stoves 

• Can guarantee sustainable fuel sources and therefore real carbon gains 

• Not dependent on new Government Schemes 

• May deliver social gains (ie easier fuel for the elderly) or work alongside other social models (meals 

on wheels+logs on wheels?) 
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Key weaknesses: 
• Could supplant, or be seen as supplanting, an existing informal sector 

• Costs may drive the model into niche (see other ‘quality’ log suppliers who occupy a top-end niche) 

 

F.3.3. Contractual and legal relationships 

The Fuel supply contract between the Social Enterprise and the Fuel Supplier would probably include: 
• Quality specification 

• Fuel sourcing standards to maximise sustainability 

• A commitment to a minimum volume (and probably also maximum given inelasticity of supply chain) 

As a possible variation on this, the Social Enterprise could take a more active role in the production of 
fuel, perhaps maintaining its own splitting and drying facilities and  delivery services while contracting 
with woodland owners or sources of clean waste wood.  
In either case the contract could be a conventional commercial arrangement with no need for additional 
security on either side. 
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F.4. 2a : RHI certification obtained on stoves 

 

F.4.1. Description 

This is the first of the RHI-compliant models. All these models have a policy focus - they can’t be started 
immediately because they need a change in policy before they can happen. 
This model becomes possible if the RHI were to include log stoves. The difficulty of metering heat from 
log stoves is one of several reasons that this is not the case at the moment, and would have to be solved 
for it to be possible. If this were to be possible the model becomes akin to the situation if a householder 
has solar panels under a rent-a-roof scheme. 
In this model, the Heat User has a stove installed for free by the Social Enterprise. The stove and its 
supplier are accredited for RHI. The Heat User signs a lease with the Social Enterprise giving the Social 
Enterprise the right to situate and operate the stove (owned by the Social Enterprise) on the Heat User’s 
premises. The Social Enterprise has a heat meter installed on the Heat User’s premises and receives 
RHI payments from Government based on the metered reading (or at a flat rate if the output were to be 
‘deemed’ as is done for domestic solar where a theoretical production figure replaces the need for 
metering). 
The Heat User obtains fuel from any supplier and pays for it in the normal way. 

F.4.2. Strengths and weaknesses 

Key strengths: 
• Would be supported by Government Scheme 

• Uses model which has been developed for solar rent-a-roof 

Key weaknesses: 
• Depends on change to RHI which would require technical hurdles of metering or deeming to be over 

come (along with others) 

• No guarantee of carbon reduction as fuel source is not controlled 

• Difficulties of access to installation and meter given typical position of stove in house 
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• Legal issues which affect rent-a-roof (leasing, mortgage etc) would also apply here 

• No guarantees of any financial return to Social Enterprise as no mechanism for enforcing heat usage  

F.4.3. Contractual and legal relationships 

The stove supplier would be accredited under the RHI and subject to any requirements specified there –
probably under the Microgeneration Certification Scheme (MCS). The installation itself, owned by the 
Social Enterprise, would also require accreditation under the RHI. At the domestic scale, the 
arrangements for this are not yet in place. 
As the installation will continue to be owned by the Social Enterprise but be sited on the clients 
premises, this model is subject to some of the same issues mentioned in connection with the hire-
purchase model (see 1b above).  There is however a readily available analogous model, that of solar 
rent-a-roof. Under these agreements, the installer continues to own the panels and has a lease on 
airspace above the client’s roof. This model does protect the installer to some degree as the agreement 
passes on with the property. However there are major flaws in applying this to log stoves. Firstly, the 
issue of under-usage does not apply to solar panels –if the client does not use much electricity or even if 
the house lies empty, the surplus electricity is simply sold to the grid and the installer continues to draw 
an income – probably an increased income in fact. Clearly as there is no way of exporting heat the 
converse is the case with log stoves. Secondly there is the issue of access, usage and maintenance. 
Solar panels are unlikely to need any maintenance and cannot be fuelled on the wrong sort of sun! The 
stove, on the other hand, is intrinsic to the private life of the client and control over its usage and 
maintenance is much harder to achieve. Thirdly there are concerns with the rent-a-roof model where the 
existence of an extra lease on a property may complicate sales or remortgaging. This is likely to also 
apply to a stove lease. 
 
 

F.5. 2b : RHI certified log fuel 
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F.5.1. Description 

This model attempts to simplify the many issues surrounding model 2a, while working within the RHI. It 
would also involve a policy change as RHI is currently attached to energy generation equipment (ie 
boilers, solar panels) rather than to fuels (ie logs). 
The issue of metering of heat from stoves is dealt with in this model by instead measuring (or estimating) 
the energy in the fuel wood supplied. Combined with a measurement or estimation of stove efficiency an 
amount of ‘green heat’ supplied could be derived. In the simplest version of this, only the fuel would 
need to be RHI accredited – in a more complex version there would be the need to accredit the stove as 
well (depicted as a dashed line). 
The Heat User may acquire the stove from any source under this model (although it is compatible with a 
model where the Social Enterprise also supplies stoves under a hire purchase or other arrangement). 
The Heat User buys fuel from the Social Enterprise. 
The Social Enterprise contracts with a fuel supplier – as in model 1c, the Social Enterprise could in fact 
be the Fuel Supplier. The fuel supplier accounts for sales of accredited fuel to the Government, which in 
turn pays out the RHI to the Social Enterprise. The amount of RHI is based on fuel usage. 
 

F.5.2. Strengths and weaknesses 

Key strengths: 
• Would be supported by Government scheme 

• Allows control of fuel and hence ability to ensure genuine carbon reductions in theory 

• Simpler than any other RHI-based scheme in theory 

Key weaknesses: 
• Requires a major change to RHI 

• Difficult to enforce usage of RHI-accredited fuel. Fuel would probably have to substantially cheaper or 

better – and in this case would in practice be likely to be sold on. Simple measurements at the stove 

might be necessary to correlate and avoid fraud 

• Measurement of logs supplied may be easier than measurement of radiant heat from a stove but still 

harder than measurement of electricity or hot water 

• Complexities may mean viability is hard to achieve (given need to create major price driver for clients) 

F.5.3. Contractual and legal relationships 

In this model the RHI accreditation would in principle lie with the fuel supplier rather than the stove 
supplier. However if accredited fuel is able to be sold at a reduced rate because of the RHI it is hard to 
ensure that the fuel supplied is being used in an efficient log stove and not just sold on. Hence there is 
arguably also a need to accredit the stove supplier and installation. The same issue could alternatively 
be dealt with by imposing a limit on the amount of accredited fuel which could be bought by any one 
client, possibly also requiring that the client supply proof of installation of a highly efficient stove. 
There are analogies here with existing schemes. The Road Transport Fuels Obligation (RTFO) obligates 
road fuel suppliers to source a percentage of fuel from renewable sources under a tradable certificate 
scheme modelled on the Renewable Obligation (ROCs).  Such a scheme could be introduced for 
biomass suppliers. Until 2012 there was also a duty rebate on biofuels from waste sources. Although 
there is no duty on biomass sales, a VAT reduction could serve a similar purpose. 
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F.6. 2c : RHI certified log fuel ESCo model 

 

F.6.1. Description 

This is an Energy Services Supply Company (ESCo) model where the Social Enterprise owns a stove on 
the Heat User’s premises but instead of simply supplying the stove as in model 1a, the Social Enterprise 
becomes a service provider selling heat to the Heat User. 

F.6.2. Strengths and weaknesses 

Key strengths: 
• Would be supported by Government scheme 

• Allows control of fuel and hence ability to ensure genuine carbon reductions in theory 

• Legal templates exist from other project. 

• Ability to enforce a fair use clause in the contract to protect income to Social Enterprise 

Key weaknesses: 
• Depends on change to RHI which would require technical hurdles of metering or deeming to be 

overcome (along with others) 

• Difficulties of access to installation and meter given typical position of stove in house (note this is not 

the case for WW where boilers are in outhouses or dedicated buildings) 

• Need to enforce use of own fuel but hard to police this (not the case for WW as woodchip is 

automatically fed to boilers) 

• Legal issues are potentially intractable 

F.6.3. Contractual and legal relationships 

This model is essentially the same as that being established by Woolhope Woodheat (WW) in 
Herefordshire for larger scale woodchip boilers. In that model the ESCo installs, fuels and maintains 
boilers on clients’ premises. The boiler site (usually a separate shed on the clients’ premises) is leased 
from the client. The lease is tied to a heat supply contract which specifies: 

• Service level agreement 

• Heat cost basis (20% lower than fossil fuel for 20 yrs) 
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• Termination and buyout clauses 

• Rights and responsibilities.  

• ‘Fair use’ clause – client agrees to a minimum usage 

There are however major differences which may make this arrangement impossible for a log stove 
project: 

• Commercial Woodchip boilers are already covered by the RHI  

• The heat from boilers is delivered as hot water and therefore is readily metered 

• Woodchip is fed automatically into the boilers so the ESCo can control fuel used 

• The boilers are outside the buildings served and readily serviced and maintained by the ESCo 

• The boilers are sized to be the main source of heat for the buildings and clients can therefore 

meaningfully commit to a minimum use clause 

• The clients generally have large investments in the premises and no intention of moving within the 20yr 

lease period 

F.7. Financial modeling 

Two of the six business models have been selected for financial modelling. 1c (no RHI, fuel supply only) 
has been selected because it is considered that this is the most immediately plausible model for the 
establishment of a social enterprise without the need for major policy change or insuperable contractual 
or legal barriers. 2b (RHI certified log fuel) has been chosen as the most promising option for extension 
of the RHI in the future. 
These models are very similar apart from the opportunity to set the RHI value for option 2b and can both 
use the same spreadsheet so that assumptions can be shared and changed as research continues. 
The structure used is that of a community co-operative (Industrial and Provident Society) financed by 
share capital from members of the public. This is not the only model that could be used for either but is 
considered to be one of the most likely ways in which capital could be raised in the absence of 
significant capital grants.  
The spreadsheet can be used to solve for a given return to co-op members although as this is not likely 
to be a capital intensive project it is more relevant to make sure cashflow is positive and time to profit is 
minimised. 
 
 

 


