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Domestic Wood-burning stoves – Layman’s 
Version 

 Is wood a renewable fuel? 

 Emissions from burning wood 

This report is concerned with domestic wood burning stoves, rather than the use of wood biomass 

for larger scale heating or electricity generation purposes. However, much of what is discussed 

below does apply to all scales of wood burning. 

Is wood a renewable fuel? 

1. Definitions 

It is important to define what is meant by a “renewable” fuel. Solar radiation, wind and tides, for 

example, are clearly immediately “renewable” but wood, and biomass in general, requires a period 

of time for new wood to grow in place of harvested wood.  The literature has varying definitions of 

“renewable” and “sustainable”, and the two words appear to be becoming almost interchangeable. 

For the purposes of this note wood is considered to be a “renewable” fuel if it is not depleted over a 

period of five years and can thus be considered to produce “renewable” energy. As it becomes 

increasingly important to reduce greenhouse gas emissions over a few years, rather than a few 

decades, then using a resource that will be replenished in, say, 25 years is not immediately helpful, 

and is therefore not considered to be renewable here. 

The Encyclopaedia Britannica defines “renewable” energy as “usable energy derived from 

replenishable sources such as the Sun (solar energy), wind (wind power), rivers (hydroelectric 

power), hot springs (geothermal energy), tides (tidal power), and biomass (biofuels)”. 

In recent years the UK government has classified the burning of wood to produce energy as a 

renewable energy source, just like wind, hydro and solar. This has been controversial, particularly in 

https://www.britannica.com/science/energy
https://www.britannica.com/place/Sun
https://www.britannica.com/topic/solar-energy
https://www.britannica.com/science/wind
https://www.britannica.com/science/wind-power
https://www.britannica.com/science/hydroelectric-power
https://www.britannica.com/science/hydroelectric-power
https://www.britannica.com/science/geothermal-energy
https://www.britannica.com/science/tidal-power
https://www.britannica.com/science/biomass
https://www.britannica.com/technology/biofuel
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the consideration of burning on an industrial scale, as at Drax power station. There is no doubt that 

eventually timber regrowth can replace the burnt timber and absorb an amount of carbon dioxide 

equivalent to that that was emitted during burning. The critical factor, though, is the timeframe over 

which this occurs; hence the above definition of the use of the word “renewable”. 

2. Carbon emissions 

Harvesting any living timber to burn, even if renewable in the required short timeframe, is releasing 

carbon into the atmosphere in the same way as burning a fossil fuel. If the timber was left to grow 

then the carbon would remain out of the atmosphere for longer, and indeed the tree would absorb 

more carbon as it grows. Eventually, though, when the tree dies and decays the carbon will return to 

the atmosphere anyway. So it is impossible to get away from the fact that burning wood increases 

atmospheric carbon dioxide. However, if we organise our harvesting and planting such that the net 

amount of carbon held in the source of growing wood does not reduce within our five year 

timeframe, then we can say that it is a renewable energy source. Of course, if we planted at the 

same rate and did not harvest, then atmospheric carbon dioxide would be reduced. 

For almost any energy source there are additional sources of emissions to consider. For timber there 

is harvesting, processing and transport. This can include kiln drying the timber, which is particularly 

energy intensive. For other nominally renewable sources there are construction emissions, 

sometimes very significant, as in barrages or dams. But generally, after construction, emissions are 

negligible. 

3. Renewable sources 

Given the above, what sources of wood can be defined as being renewable energy sources?  

One source definitely appears to fit the bill. Because timber has uses other than burning, trees are 

harvested for construction, furniture, telegraph poles and numerous other uses. Most of these uses 

result in waste wood. If this waste cannot usefully remain in its timber form then it will either rot or 

be burnt, and either way its carbon is released to the atmosphere; so it is probably best, therefore, 

to burn it in a way that provides energy for our use. This means though that the carbon release 

occurs far more quickly than if it were left to rot. 

Another possible source is the dead wood in a woodland. Left on the ground this would rot naturally 

and release its carbon to the atmosphere, and so, as with waste, it would seem logical to burn it for 

our use. However, dead wood is part of a woodland ecosystem, and some must be left as a resource 

for invertebrates and soil enrichment, amongst other benefits. 

The above sources are wood that is already no longer growing. 

Another source, though not large, is the result of conservation work. Organisations such as the 

Hampshire and Isle of Wight Wildlife Trust sometimes remove trees, as has been done over recent 

years in Winchester in the extended Winnall Moors Reserve and St Faith’s Meadow near St Cross 

Hospital. The logic for using this timber is the same as for the waste mentioned above, if there is not 

a practical use that prolongs it in its wood form. 

In a similar vein, timber plantations are often thinned in order to allow the stronger trees to grow 

larger. As with conservation tree removal, these trees are really being cut for another reason, so 

they might as well be burnt helpfully. 
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However, it may be that a plantation is being managed purely as a source of fuel. The renewability of 

such a scheme needs consideration. Whether harvesting live timber produces a renewable fuel 

depends on how ‘renewable’ is defined. It may be decided that a woodland can be harvested in such 

a way that, say, from one year to the next the volume of growing timber (and therefore embedded 

carbon) remains constant. This volume can be calculated, and it would seem reasonable to define 

this as being a renewable fuel source, as defined at the start. 

Somewhere in between the last two described scenarios is the management of native broadleaved 

woodland, of which there are approximately 8000 ha in Winchester District, according to the 

Forestry Commission. These could be managed in such a way that the same volume of wood is 

extracted as grows, as described in the preceding paragraph. It is important that this is done in a way 

that does not impact negatively on the ecology of the woodland. It can indeed have a very positive 

impact on biodiversity. 

4. Sustainable forestry 

Sustainable forest management is not quite the same as our definition of renewable. The Forestry 

Commission uses the following definition (after the Brundtland Commission’s definition, 1987):- 

“Practising sustainable forestry means managing our forests in a way that meets our needs at 

present but that does not compromise the ability of future generations to meet their needs. They will 

rightly expect that their forests and woodlands offer at least the same benefits and opportunities as 

we enjoy today.” 

This would appear to be similar to the above defined renewable system, but over a much longer 

timeframe than five years.  

One sustainable forestry model describes an area of land planted with seedlings to replace an area 

of mature trees just felled. On their own, these two areas could not be described as a renewable 

resource, because of the time lag between felling and equivalent re-growth. However, if the 

woodland contains areas of different ages between seedlings and mature trees, such that the 

volume of timber in the growing trees replaces the felled timber volume within our timescale then 

this would be renewable for our purposes. If this is then worked on a regular cycle, as some 

commercial woodlands are, then we have a renewable system, as well as a sustainable forest. 

An additional complication is consideration of the possibility of using much of the wood from these 

various sources for a purpose that locks in the carbon for decades, such as chipboard or sawn 

timber. The way that this may or may not impact on the renewability of a source has not been 

considered here. 

According to the Forestry Commission 12% of the UK is forested, compared with 37% of the EU as a 

whole. If a significant amount of planting were to be carried out in the UK, then this would not only 

absorb carbon, but would allow there to be more “waste” that could be burnt. 

5. Wood burner demand 

According to Ofgem, the “medium” Typical Domestic Consumption Value for gas, for heating and/or 

cooking, was 12,500 kWh in 2015. This is very approximately equivalent to burning some 2.5 to 3 

tonnes (3.5 – 6 cubic metres) of wood. According to the National Energy Foundation, this amount of 

wood could be produced by planting about a third of a hectare (about 58m by 58m) of poplar which, 
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after the third year, would produce sufficient logs each year. Using these very approximate figures 

one can get an idea of the size of woodland that would be required to produce logs for a single 

household in a renewable way. Clearly the area required would depend on the use and frequency to 

which the log burning is put (heating one room, or the whole house, or cooking and/or hot water 

also), as well as the type of timber planted.  

6. Conclusion 

There seems to be no standard definition of wood as a renewable fuel. It would appear therefore 

to be extremely difficult for a consumer to know how renewable a source of bought wood really 

is, and for anyone to know what proportion of wood burnt in the home in the UK is from truly 

renewable sources. 

Brian Shorter, May 2017 

 

Emissions from burning wood 

7. Introduction 

Wood is part of the natural carbon cycle. Carbon absorbed during photosynthesis is released 

in equal measure when the wood is burnt (or rots) in situ so that there is no net gain of 

carbon dioxide (CO2) to the atmosphere. However if the wood supply involves 

deforestation, especially ‘slash and burn’, and land disturbance there can be a net gain in 

CO2.  In many cases carbon emissions from cutting down trees with a chain saw, extracting 

and transporting the timber, cutting and splitting it into logs, further transport and even 

artificially drying the wood, are almost unavoidable. It is always better to fell trees close to 

where they will be burnt, cut and split the logs by hand, and dry them naturally out of doors 

for 1-2 years. Re-cycled waste wood, other than offcuts from a sawmill, should be avoided 

as a fuel because it can contain toxic chemicals.  

For the purpose of this discussion a wood stove is defined as a heating device with an 

enclosed firebox, usually of cast iron or steel, with a means of introducing the fuel (logs or 

pellets), some means of restricting the air flow and a flue that takes away the exhaust gases. 

Wood stoves may include a grate and a trap for ash. The best designs of stove allow for two 

air intakes, one below and one above the solid fuel; the latter assists the complete 

combustion of gases which reduces air pollution. Pellet stoves operate on this principle and 

can also control the fuel supply. Some stoves have catalysts or an electrostatic filter, which 

can even be retrofitted, built into the flue, which also reduce atmospheric pollution. 

8. Emissions 

In general, wood stoves are more polluting, per unit of heat generated, than larger 

commercial installations that burn pellets or woodchips for heat and power. Open fires, 

which share some of the typical emissions of stoves, are generally even more polluting 
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because they may allow smoke to escape into the home, they are not as efficient at 

generating heat and they cause no fewer emissions than stoves. Open fires are not 

considered further here. 

When wood is burned in a correctly fitted stove various gases are emitted which include 

nitrogen oxides (usually lumped together as NOx), methane, volatile organic compounds 

(VOCs), toxic dioxins, as well as particulate matter (PM; both PM10 and PM2.5
1) and the 

greenhouse gas CO2. Soot, another product, is formed by the incomplete combustion of 

organic material. It contains black carbon (BC), which means it is highly light-absorbing, and 

is one component of PM2.5 particulate matter. At ground level, the gas ozone is an air 

pollutant harmful to human health and ecosystems and is also a significant greenhouse gas. 

Ozone is not emitted directly from stoves, but may be generated subsequently from 

reactions between other emitted gases, such as methane and carbon monoxide (from badly 

installed or poorly operated stoves). 

Emissions from a stove depend on the species of wood, the type of stove and the operating 

conditions. The age and design of the stove is another factor. A Danish study found that 

PM2.5 emissions per unit of heat generated varied by a factor of six between a pre-1990 

stove and a new eco-label post-2015 stove. Others have emphasised the contribution of 

combustion conditions, the burn rate, combustion temperature and moisture content of the 

wood. Burning damp or unseasoned wood, burning wood at too low a temperature or 

allowing fires to smoulder with an insufficient supply of air causes a big increase in air 

pollution. Less pure sources, that contain bark and foliage, can cause more PM emissions 

than wood alone. It is clear therefore that emissions from wood burning stoves can be 

highly variable and it is seemingly impossible to agree on typical figures. 

In the UK, Defra2 have noted that pollution from domestic wood burning is increasing; it 

caused 17% of PM2.5 emissions in 2013, similar to that from road transport. Since 1990 there 

has been a steady reduction in emissions of many polluting gases (NOx, non-methane VOCs, 

PM2.5, PM10, sulphur dioxide) although PMs have levelled out since 2010. However Defra 

note that the contribution from the category covering combustion in the residential, public, 

commercial and agricultural sectors has increased over recent years and peaked in 2013. 

Because PM2.5 is a sub-set of PM10 these figures suggest that almost all pollution comes 

from particles less than 2.5 microns in diameter.3 79% of the emissions from residential, 

public and commercial combustion in 2013-2015 were from the use of wood as a domestic 

fuel, presumably both in wood stoves and open fires. 

Wood burning is said not to emit harmful-to-health nitrogen dioxide (NO2) directly. Only 

nitric oxide is normally emitted however subsequently this oxide of nitrogen may react 

chemically with ozone to produce secondary NO2 and oxygen. 

                                                           
1 PM10 and PM2.5 are defined as all particulates less than 10 and 2.5 microns in diameter (size), respectively. 
2 The Department for Environment, Food and Rural Affairs 
3 A micron is a thousandth of millimetre. A human hair is about 100 microns thick. 
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The effects of wood burning stoves on human health and climate are now discussed 

separately. Note that although the adverse impacts of several emissions products are well 

known there seems to be little information on the quantity of emissions produced and how 

these impacts depend on the actual quantity of emitted material. 

9. Health impacts 

The health impact of air pollution from stoves is well known. It occurs indoors and out of 

doors and affects everyone. Children are particularly affected because of their small bodies 

and growing organs. 

 

Here just the impacts on human health of wood burning stoves are considered. The impacts 

of cooking stoves, widely used in developing countries, are not included. 

 

The health impact of a domestic wood burning stove, relative to other forms of heating, 

depends on how it is used. If the stove is used to provide heat in place of a central heating 

boiler then we must compare the stove’s emissions to the boiler’s emissions (see later). If 

the stove is simply used to provide a cosy atmosphere or to provide heat, in addition to 

central heating, then we must consider the impact of the additional emissions from the 

stove. 

 

The products of wood burning which are potentially unhealthy include nitrogen dioxide 

(NO2), VOCs (benzene), dioxins, other organic compounds, and PM10 and PM2.5. Highly 

dangerous carbon monoxide may be emitted if the stove is not installed or operated 

correctly, allowing incomplete combustion, but this is not considered further here. 

 

Evidence of the damage done by PM2.5, including black carbon and soot, when inhaled is 

clear. For example, in the USA exposure to PM2.5 was positively associated with increased 

costs of childhood asthma hospitalizations. A World Health Organisation (WHO) report, 

published in 2013, stated that flue gases include particles that are small enough when 

inhaled to penetrate parts of the respiratory system. The health effects of inhalable PM are 

well documented, whether exposure lasts for hours or days, or even for months or more. 

For example, PMs may aggravate asthma and respiratory complaints and cause an increase 

in hospital admissions and increased deaths from heart and lung diseases and from lung 

cancer. The greatest impact comes from the smaller particles (PM2.5). The WHO report 

concludes that there is no evidence of a safe level of exposure to PM or a threshold below 

which no adverse health effects occur. 

 

The WHO report also says that the evidence for particulate matter from fires and stoves 

being hazardous to health is more consistent than that for PM from other sources such as 

dust and soil. Many components of particulate matter, which are attached to black carbon, 

are seen to be responsible for causing ill-health; for instance, some organic compounds are 
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known to cause cancer and are directly toxic to the cells, as well as metals and inorganic 

salts. 

 

NO2 acts mainly as an irritant that affects the mucous lining of the eyes, nose, throat and 

respiratory tract. Low level NO2 exposure may cause increased lung reactions in some 

asthmatics, decreased lung function in patients with chronic obstructive pulmonary disease 

and an increased risk of lung infections, especially in young children. The accumulation of 

fluid in the lungs has been observed in humans after short-term exposure to quite small 

concentrations. It has also been found that NO2 effects tend to occur many hours after 

exposures have ceased, so that persons exposed to NO2 are often unaware of the severity of 

their exposure until some time after it has happened. 

 

VOCs include a wide range of compounds that usually have no colour, taste or smell. Some 

cause direct health effects, while others contribute to smog. 

 

On the basis of the above evidence it is clear that wood burning stoves pose a serious 

health risk from their emissions of PM2.5 and NO2 and their use, particularly in more 

densely populated areas, should be minimised. For example, a wood burning stove might 

be used as a back-up, emergency or short-term replacement source of heat when the main 

heating system, for whatever reason, is not available. 

10. Climate impacts 

Wood stoves emit a variety of products into the atmosphere which can demonstrably affect 

climate. These include the greenhouse gas carbon dioxide (CO2) and black carbon, a form of 

soot. The climate impact of a domestic wood burning stove, relative to other forms of 

heating, depends on how it is used. If the stove is used to provide heat in place of a central 

heating boiler burning a fossil fuel then it is genuinely saving CO2 emissions but if it is simply 

used to provide a cosy atmosphere or heat, in addition to central heating, then there is no 

net climate benefit. 

One source suggests that a wood stove burning logs emits 36 times less CO2 than a boiler 

burning natural gas (for comparison, the UK government suggests the figure is 14 times 

less).  In other words a wood stove is said to have at least 14 times less effect on global 

warming from its emissions of CO2 than a gas boiler. This surprising statement conflicts with 

information from Forestry Research who point out that CO2 emissions per unit of heat from 

burning wood fuels are relatively high because of the relatively low calorific value of wood 

compared to fossil fuels. Elsewhere Defra suggests that the emissions from burning logs 

should be calculated using a factor almost twice that for gas boilers. The explanation for 

these discrepancies appears to be that the low figures for wood assume that it comes from 

a renewable low-carbon source. This means that the CO2 released when such wood is burnt 

is simply being returned to the atmosphere as part of the contemporary natural carbon 

cycle and will ‘soon’ be re-absorbed by fresh biomass growth so that there is no net increase 
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of CO2 in the atmosphere. The low figures alluded to at the start of this paragraph refer to 

the additional CO2 emissions noted earlier for wood processing, transport etc. 

Black carbon (BC) contributes to global warming. BC warms the Earth by absorbing sunlight 

and heating the atmosphere and by reducing the reflectivity of the surface, when it is 

deposited on snow and ice, and by interaction with clouds. Working Group 1 of the 

Intergovernmental Panel on Climate Change (IPCC) showed that since 1750 the contribution 

from all forms of black carbon have had a combined global warming effect only exceeded by 

carbon dioxide and methane (and its derivative gases, principally ozone). However, Working 

Group 1, and another international study, estimate that the global warming effect of black 

carbon on snow or sea-ice alone is relatively small. On average the effect is smaller than 

almost any other type of BC that these authors tabulate. 

BC does not become thoroughly mixed in the atmosphere because of its short lifetime. It 

stays in the atmosphere for only a few days to weeks, before it is removed by the 

precipitation of rain or snow. In comparison, carbon dioxide (CO2) has an atmospheric 

lifetime of more than 100 years. 

 

Nevertheless, the authors of the second international study estimate that BC has a greater 

global warming impact than CO2, when all associated forcing mechanisms4 (including cloud 

effects) are included, which is 920 and 3,200 times worse over 100 and 20 years, 

respectively. These figures have large uncertainties and can vary by ±30% depending on 

where the BC is emitted. Nevertheless, this explains why BC is considered to have such a 

potentially important impact on climate change. 

 

Computer modelling suggests that in the UK the contribution of heating stoves and 

fireplaces to global warming will increase by 23% between 2010 and 2030 with BC being 

responsible for more than three-quarters of this. The models predict that, on current trends, 

by 2030 burning biomass will have a larger warming impact than fossil fuel combustion. 

It is interesting to consider whether black carbon emitted in Winchester can have any 

impact on Arctic snow or ice. It has been said by the co-author of one study that "High-

latitude sources are especially important. Even though China [which lies almost entirely at a 

lower latitude than Winchester], for example, releases much more black carbon than Arctic 

regions, reductions there have less impact per kilogram than reductions in the Arctic." The 

closest land to Winchester on the Arctic Circle is around 1900 km away. Most Arctic ice or 

snow, on land or sea, is much further away from Winchester and so it seems unlikely that 

black carbon released in Winchester is going to affect Arctic snow or ice although it could 

conceivably affect closer mountain glaciers in Scandinavia or the Alps. It seems reasonable 

to conclude that black carbon emitted in Winchester will have only a minimal effect on 

Arctic snow and ice. 

                                                           
4 A global warming forcing mechanism is any effect that causes the atmosphere to warm up.  
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11. Wood burning stoves and central heating 

Having considered the absolute emissions from wood stoves it is interesting to consider in 

more detail the relative emissions from stoves and gas or oil central heating boilers. This is 

because in many instances a stove will be used to provide heat in place of a boiler. A stove 

may also consume less fuel than a boiler simply because it is used to heat a smaller space, 

even a single room, and not a whole home or a large part of a home. It is useful to know 

whether or not stoves are an improvement from the health and climate change 

perspectives. 

Defra, the National Atmospheric Emissions Inventory and an Austrian source quote 

emissions factors for PM10 from domestic boilers. Even the Austrian estimate for a gas boiler 

is almost eight times less than the figure for the best Danish wood stove. The author of the 

Danish study quotes astonishing but unattributed figures that suggest that a ‘new eco-label 

stove’ emits 3,100 times more PM2.5 than a gas boiler and is 28 times worse than an oil-

burning boiler. Older wood stoves are even worse. 

There are also concerns that ultrafine particles, those less than 0.1 microns in diameter 

(PM0.1), may be even more hazardous to health than larger particles, especially since the 

number of smaller particles in the air increases very rapidly as particle size decreases. 

However most ultrafine particles come from road vehicles and the evidence regarding 

emissions from biofuels and boilers is limited. 

The second international study mentioned above concludes that conventional wood stoves 

offer little or no potential for reducing global climate forcing by targeting their BC emissions 

alone. 

The conclusion must be that, with current evidence, the PM emissions from a wood 

burning stove are considerably greater than from a gas boiler even if the precise figures 

are in doubt. 

Regarding CO2, emissions figures that were presented earlier make it clear that a wood 

stove which burns logs from a sustainable supply has at least 14 times less effect on global 

warming from its emissions of CO2 than a gas boiler. 

One source of the greenhouse gas nitrous oxide is incomplete combustion of biomass. Gas 

and oil burning boilers emit very small quantities of nitrous oxide and methane. Defra states 

that the emissions of nitrous oxide and methane from a wood stove burning wood pellets 

are presently unknown. 

Similarly NO2, which is a health hazard, appears to be emitted in small quantities from wood 

stoves. A study that compared emissions of NOx from different types of boiler found that, 
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under steady state conditions, wood pellet boilers emitted more NOx than oil boilers which 

emitted more than gas boilers. 

12. Conclusions 

Wood stoves used for heating in Winchester, which burn wood from a renewable source, 

are likely to have a minimal detrimental impact on climate change.  

Wood burning stoves emit probably small, but unknown, amounts of the greenhouse gas 

nitrous oxide but if they use a renewable and low-carbon supply of wood and are operated 

correctly their carbon dioxide emissions per unit of heat are less than from gas boilers. 

Therefore wood stoves can be less damaging than gas boilers from the climate change 

perspective. 

On the other hand, particulate matter from wood burning stoves, especially that less than 

2.5 microns in diameter, appears to present a serious risk to human health at all pollution 

levels. Nitrogen dioxide is similarly implicated in causing health problems. 

Wood burning stoves emit both more nitrogen dioxide and more particulate matter than 

gas boilers and therefore are not a good substitute for the latter from the health 

perspective. 

 

 

 

 

 

 

Bob Whitmarsh, May 2017 
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From a climate change perspective wood burning stoves are usually better than 

central heating boilers burning a fossil fuel (natural gas or oil), but this depends 

on how renewable the source of wood is. On the other hand, wood burning 

stoves contribute to emissions of particulate matter and nitrogen dioxide, which 

are harmful to human health, and therefore should only be used where their 

numbers and mode of use are unlikely to make a significant contribution to air 

pollution. This is more likely to be the case outside more densely populated 

areas. 

 


