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Due to increasing government support for renewable energy in combination with high fossil fuel prices
and environmental concerns, demand for wood pellet heating is rising all over Europe. Despite the rapid
growth in wood pellet heating, the suitability and usability of wood pellet boilers in domestic settings
has received relatively little attention compared with either alternative renewable heating technologies
or with commercial applications of biomass heating. This article brings together the fragmented
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literature on wood pellet heating, and the application of this heating type in domestic settings, with a
particular focus on assessing the suitability of wood pellet heating for low-income households who are
not connected to the natural gas network.

The main advantages that have been identified include avoidance of significant levels of CO,
emissions, a potential reduction in heating costs, and increased comfort. However, it is clear that a
number of potential risks exist at all stages of the supply chain, and that wood pellet heating has a heavy
reliance on perfection of design and maintenance for optimal performance and safety, both in terms of
pellets and boilers. Furthermore, the capital cost associated with wood pellet heating is found to be a
key deterrent to uptake. It is acknowledged that - for some specific households who are able to
accommodate the regular maintenance and manual labour associated with a wood pellet boiler -
domestic wood pellet heating can be a viable alternative to fossil fuel systems. At the present time,
however, it is concluded that wood pellet boiler systems are not especially suited to application in
domestic settings due to the range of end-user problems that can occur, concerns about pellet supply
and pricing, and maintenance requirements. There is, however, considerable potential for wood pellet
fuel to be utilised in district heating networks.

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Countries across Europe are obligated to take measures to
increase their national share of renewable energy sources in order
to meet the EU-wide target of 20% renewable energy usage by
2020, as laid out in the EU Directive 2009/28/EC concerning
renewable energy [1]. Decreasing reliance on fossil fuels for
domestic heating, in favour of renewable heating sources, is an
area in which substantial gains can be made to meet national
targets, whilst also helping to reduce the significant environmen-
tal damage caused by fossil fuel combustion, including acid rain
and urban smog [2].

One area of renewable heating that shows early promise is
biomass heating. Biomass is the general term given to any organic
matter derived from plants, including wood from forests, and
material left over from forestry processes [2]. Heating with wood
is not a new concept for many households; most common is the
burning of wood in log form in an open fire, often in conjunction
with a back boiler to provide central heating and hot water [3].
However, open log fires are very inefficient, thus modern closed
system heating appliances have been developed, which utilise a
variety of forms of biomass, such as wood pellets, which are made
from sawdust, shavings, bark or chips [3], and are produced by
using high pressure and temperature to compress biomass wood
material into small pellets that are cylindrical in shape [4].

As an alternative to oil, wood pellet systems have many
advantages for low-income off-gas grid households. Aside from
being a lower-carbon technology, they can be more affordable on a
limited budget, and can be purchased in small quantities that limit
the strain on low incomes. Householders can purchase several
bags of pellets at any one time, at a cost approximating a single
201 drum of oil. Case studies from Northern Ireland indicate that
wood pellet systems have customer appeal in many low-income
households, and can halve heating bills of low-income households
living in energy inefficient homes [5]. Although wood pellet
markets first emerged in lumber-producing countries such as
Sweden, Denmark, Austria and the United States [6], government
support for renewable energy in combination with high fossil fuel
prices has driven a demand for wood pellets all over Europe [4-8].
In 2012, EU27 countries consumed an estimated 15.1 million
tonnes of wood pellets [9], with almost six million tonnes used
for residential heating [9].

Despite the rapid growth in wood pellet heating, the suitability
and usability of wood pellet heating in domestic settings has
received relatively little attention compared with the three alter-
native renewable heating technologies, namely ground source
heat pumps, air source heat pumps and solar thermal systems,
or compared with commercial use of wood pellet heating. This
article aims to address this gap in literature by combining the
existing fragmented literature concerning wood pellets and wood
pellet boilers, and assessing the opportunities and barriers asso-
ciated with domestic wood pellet heating, with a specific focus
on wood pellet boilers rather than stoves. Wood pellet boilers, and
the distributed heating systems attached to them, offer whole-
house solutions to households, whilst stoves are more often
used as an adjunct to central heating fired by other means.

Consequently wood pellet boilers are likely to be a more wide-
ranging heating solution than are stoves.

The review is particularly interested in assessing the suitability
of wood pellet heating for low-income households who are not
connected to the natural gas network, where possible, as these
households are likely to be the most vulnerable and least resilient
to rising prices for more traditional sources of fossil fuel.

2. Materials and methods

This study is based on a narrative literature review, which was
conducted in several phases in May 2014:

® A list of key terms relating to wood pellet heating and domestic
households was drawn up (n=15), as outlined in Table 1.

® These 15 search terms were then entered into four electronic
research databases (ScienceDirect, Web of Science, IngentaCon-
nect and Zetoc), using various combinations and the Boolean
operators ‘AND’ as well as ‘OR’. The timespan used for the
database searches was all years.

® Of the retrieved articles, approximately 50 relevant articles
from the literature search were selected and assessed manually
after scanning the title and abstract. Whilst sufficient to justify
a narrative literature review, research and evaluation remain
scarce when compared with studies concerned with either
other renewables or wood pellet boiler systems in commercial
sectors.

® The review was further supplemented with ‘grey’ sources of
literature and information, obtained through general internet
searches using the aforementioned search terms. Relevant
resources, including newsletters and case studies, were down-
loaded and used in the narrative literature review. This latter
step was taken as there is limited academic literature that
specifically addresses the domestic use of wood pellet boilers.

In total, almost 40 articles were assessed and used in this
narrative literature review. Table 2 summarises the main char-
acteristics of the cited articles in terms of their methods, focus and
country/countries of interest.

Given the broad geographic scope of the cited papers, and the
variations in national definitions of poverty, we have chosen to use
a basic conceptualisation of a ‘low income household’ as one that
earns a low income (relative to national contexts).

Table 1
Review search terms.

e Willingness to pay e Household e Pellet boiler

e Attitudes e Socioeconomic e Wood pellet heating
e Adoption e SES e Biomass heating

e Uptake e Renewable energy e Wood fuel

e Domestic e Wood pellet boiler e Wood-based energy
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Table 2
Summary of cited articles.
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Source

Country/countries studied

Methods and focus

[1] Directive 2009/28/EC

[2] Saidur et al., 2011

[3] Sustainable Energy
Authority of Ireland, 2012

[4] Karkania et al., 2012

[5] Liddell, 2011
[6] Olsson et al., 2011

[7] Sikkema et al., 2011

[8] Mola-Yudego et al., 2014

[9] European Biomass
Association, 2013

[10] Sopha et al., 2011

[11] Lillemo et al., 2013
[12] Michelsen and Madlener,

2012
[13] Sutherland Tables, 2014

[14] Gray, Thomson and Liddell,

2014

[15] Wood Energy Solutions,
2012

[16] Wrapson and Devine-
Wright, 2014

[17] Alakangas and Paju, 2002

[18] Devine-Wright et al., 2014

[19] The Consumer Council,
2014
[20] Tremborg et al., 2013

[21] Fiedler et al., 2006
[22] Fiedler, 2004

[23] Stahl and Wikstrém, 2009
[24] Skjevrak and Sopha, 2012

[25] Mahapatra and Gustavsson,

2008
[26] Carroll and Finnan, 2012

[27] Limousy et al., 2013

[28] European Pellet Council,
2013

[29] Element Energy, 2008

[30] Roy et al., 2008

[31] Claudy et al., 2011

[32] Renewable Heat Incentive

Ltd, 2014

[33] Department of Energy and

Climate Change, 2014
[34] Stelte, 2012

[35] Gauthier et al., 2012
[36] Melin, 2010

[37] Belling et al., 2009
[38] Olsson et al., 2003

[39] Cook et al., 2013

European Union
Global

Ireland

Greece

Northern Ireland
Austria, Germany and
Sweden

Europe

Europe

Europe

Norway

Norway

Germany

UK

Northern Ireland
Northern Ireland

England

Finland

UK

Northern Ireland
Finland, Germany, Norway,
Sweden and the US
Sweden

Sweden, Austria and
Germany

Sweden

Norway

Sweden

Ireland

France

Europe

Great Britain
UK

Ireland

Great Britain

Great Britain

Denmark

Germany and Switzerland
Canada

Global
Sweden

Australia

Pan-EU policy document concerning renewable energy sources
Review of burning biomass in boilers
Grey literature, expert consumer guide to biomass fuels and boilers

A review of the agricultural residues pellets’ market in Greece, based on published literature and official
market statistics

Grey literature, an evaluation of a hard to treat housing project that installed energy efficiency and
renewable energy measures, including wood pellet boilers

Secondary analysis of time series wood pellet price data to determine whether the residential wood
pellet markets of Austria, Germany and Sweden are integrated

A review of European wood pellet markets, based on published literature and official market statistics
Spatial analysis of the distribution of wood pellet production plants in Europe

Grey literature, a review of biomass market trends and policy, based on secondary data analysis of
numerous datasets, and policy analysis

A postal survey of adopters and non-adopters of wood pellet heating, to understand the differences
between the two groups

An online survey of households to determine how attitudes, motives, residence characteristics and
socioeconomic factors relate to households’ investments in various types of heating equipment,
including pellet stoves

A postal survey and discrete choice analysis of homeowners to establish the determinants of adopting
innovative heating systems

Comparative heating costs data for various domestic fuels, including wood pellets

Feasibility study of wood pellet boilers and low income households. Utilises multiple methodologies,
including a narrative literature review, statistical modelling, focus groups, case studies, and a household
survey.

Grey literature, newsletter from a wood pellet boiler manufacturer that was involved with a wood pellet
boiler trial across social housing properties in Northern Ireland

Semi-structured interviews with older person households that have low carbon and conventional
thermal technologies installed, to understand the factors that influence uptake, and how low carbon
heating is integrated within the home

Grey literature, a review of the wood pellet market, based on published literature, official market
statistics and case studies

In-depth semi-structured interviews with older person private households and care home staff and
residents that use some form of low carbon thermal technology. Aims to understand the relationships
between older people, thermal comfort and low carbon technologies

Grey literature, provides information on home heating oil prices

Modelling of economic sustainability for wood pellet production plants, based on market statistics

Optimisation study of combined solar and pellet heating systems

Policy and technology analysis of wood pellet heating in the three study countries, based on policy
documents and published literature

A literature review of academic and grey sources, including blog articles, to determine the problems
that householders experience using wood fuel pellets as a source of heat

A postal survey and regression analysis of early adopters of wood pellet heating to establish factors that
influence overall satisfaction

Analysis of two household surveys to explore factors that influence householder's decision to adopt a
new heating system, including pellet boilers.

Tested the physical and chemical properties of biomass pellets based on wood, willow, miscanthus,
wheat, barley and rape straws,

Tested the physical and chemical properties of pellets produced from spent coffee grounds, and coffee
grounds pellets blended with pine sawdust

Grey literature, handbook on the certification process for wood pellets for heating

Economic modelling of the growth potential for microgeneration technology and a consumer survey
Large survey of households who were considering or buying microgeneration heat technologies to
determine their experiences and motivations

Field survey of home owners to determine willingness to pay for microgeneration technologies and the
relative influence of subjective consumer perceptions

Grey literature, provides information on the level of financial support provided by the government for
installing renewable heat technologies

Statistical data concerning the number of accredited installations of renewable heat systems through
two government funding schemes

Grey literature, guidelines that provide recommendations for the safe handling of wood pellets and
wood chips

Review of literature, two case studies and a series of experiments to measure CO production by wood
pellets to investigate lethal carbon monoxide poisoning in wood pellet storerooms

Grey literature, report from an industry association on off-gassing from wood pellets, with safety
recommendations

Review of knowledge concerning the physicochemical properties of wood smoke particles

A series of experiments to investigate the chimney emissions and biofuel characteristics of domestic
softwood pellets

Case study research to explore attachments to home and opposition to residential policy
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3. Findings
3.1. Advantages

Across the literature, a number of key advantages of domestic
wood pellet boilers have been identified, namely: environmental
benefits, reduced heating costs and increased comfort, accessibil-
ity, and versatility. Each of these advantages will be discussed in
turn, before moving on to the main barriers and risks associated
with wood pellet heating.

3.1.1. Environmental benefits

There are key environmental benefits associated with wood
pellet boilers. This is because if the biomass fuel is fully com-
busted, the amount of carbon dioxide produced is equal to the
amount which was taken from the atmosphere during the growing
stage, and so there is no net addition of CO, [2]. Furthermore,
wood fuel can be CO, neutral if the rate of harvest equals the rate
of re-growth [2]. One study has estimated that in 2008, 12.6
million tonnes of CO, emissions were avoided in EU27 countries
plus Norway and Switzerland, based on the substitution of coal
and heating oil for 8.2 million tonnes of wood pellets [7]. Further
environmental gains arise in contexts where wood pellets are
produced locally as transport related emissions are reduced.
Localised production of wood pellets has the added advantage of
supporting local economies by providing new employment oppor-
tunities [3]. A survey of 669 adopters of wood pellet heating in
Norway found that the main motivation for choosing wood pellet
heating was that it is an environmentally friendly option [10], a
finding that is reaffirmed by Lillema et al. [11]. Similarly, German
research found that independence of fossil fuels is an important
factor for deciding to adopt wood pellet heating [12].

3.1.2. Reduced heating costs and increased comfort

A key advantage of wood pellet heating is that it can signifi-
cantly reduce domestic heating costs as pellets are usually cheaper
than oil, particularly as wood fuels have higher energy content
than heating oil. Indeed, comparative heating costs data from
January 2014 shows that wood pellet heating is one of the
cheapest methods of space and water heating for an average three
bedroom house in the United Kingdom [13]. Wood pellet heating
is consistently found to be cheaper than heating oil, liquefied
petroleum gas and electric powered systems, as well as older
natural gas fired systems [13]. Furthermore, as wood pellets are
not subject to the same volatile global energy markets, prices are
likely to remain relatively stable in the short term, although in
some parts of the world (e.g. Northern Ireland) they can be both
more volatile and more expensive than other sources of heating
fuel [14]. For low-income households an additional benefit is that
small 10kg bags of pellets can be purchased at an affordable price
in a ‘pay as you go’ manner, which can be particularly useful for
weekly budgeting, as found in case studies from the installation of
approximately forty biomass boilers in social housing properties
across Northern Ireland [15].

Concern about high energy costs is likely to be a key driver for
the uptake of wood pellet heating, indeed, a study of older
households who live off-grid in England reported that the increas-
ing price of oil, and the discourse of ‘peak oil’, was a trigger for
households to investigate low carbon thermal technologies [16].
Similarly, Sopha et al. [10] found that the combination of low
operation costs and an anticipated increase in electricity prices
was an additional motivation for uptake of wood pellet heating in
Norway. Similar processes occurred earlier in Finland, following a
sharp increase in oil prices at the end of the 1990s [17].

As well as reducing heating costs, wood pellet heating systems
can also increase comfort levels. Unlike solar thermal systems
which are likely to operate intermittently, wood pellet systems can
run continuously, and will continue to operate in sub-zero
temperatures [15]. Wood pellet boilers are a natural replacement
to oil fired systems as they are able to achieve operating tempera-
tures of 80 °C for water [15], which other renewable heating
technologies may struggle to achieve. Furthermore, if wood pellet
boilers are used in conjunction with underfloor heating, the
system can achieve a comfortable, uniform thermal environment
[18], which is beneficial for health and wellbeing.

3.1.3. Accessibility

In countries that lack a widespread natural gas network and are
particularly rural, such as Northern Ireland where around 68% of
households rely on oil for heating [19], wood pellet heating may be
a good option as it does not depend on a fixed physical distribu-
tion network, as with natural gas. In addition, compared to other
forms of wood biomass, pellets are suited for domestic use as they
can be transported and stored easily because of the form and their
size, and as they have a higher energy density [4,20,8]. An
additional benefit of pellet boilers in terms of accessibility is that
some models can fit through a standard house door, thus they can
be installed in properties where access is a problem [15]. In
addition, issues of theft, which are common with oil tanks, can
be reduced with some pellet boiler models as the fuel can be
stored in an integral hopper and locked [15].

3.14. Versatility

The final key advantage of wood pellet boilers is the versatility
of the technology. For instance, wood pellet boilers can often be
integrated relatively easily into existing properties with little or no
change required to the existing radiator heating system [15].
Furthermore, they can be optimised in a number of ways, such
as by using them in combination with a solar thermal system [21],
or by using wood pellet boilers to heat multiple properties in a
district heating set up, as is common in Sweden [6]. As SEAI [3]
highlight, some boilers are available which offer a “dual fuel”
burning option, for example wood logs and wood pellets, which
may make the technology more desirable for consumers, and as
will be highlighted later, in the future consumers may not be
limited to just pellets composed of wood, but may be able to
purchase pellets made from coffee grounds and fast growing
sustainable crops such as wheat and barley straws.

3.2. Issues and barriers

However, for as many advantages which can be identified,
nearly twice as many issues and barriers can be distinguished.
Across the scientific and grey literature the main issues that
emerged were: end-user problems, environmental risks, supply
chain risks, high domestic equipment costs, storage, health risks,
and conflict with existing home-making practices.

3.2.1. End-user problems

At the household level, a key issue for wood pellet boilers is
they are labour-intensive for users, and in general will require
more maintenance compared to conventional boilers, namely:
refilling of pellets, cleaning the burner of ashes and slag, cleaning
the flue gas passages, ash pan emptying, and cleaning the
windows of stoves if used [22]. Whilst a half yearly or annual
service is normally sufficient to prevent efficiency losses as a result
of build-up of soot in oil and gas systems, wood fired boilers
require more regular cleaning, sometimes weekly, to prevent
efficiency losses [3,23] as well as an increase in carbon monoxide
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levels as a result of reduced air supply [22]. Furthermore, if poor
quality pellets are used or if the boiler is incorrectly adjusted
causing imperfect combustion, higher amounts of ashes will be
produced [23] which will increase cleaning and maintenance
needs. For households accustomed to open fires, the maintenance
is not too dissimilar to existing practices, and some higher
specification burners are self-cleaning which eliminates all but
the need for periodic ash removal from the ash pan [3], however,
the manual handling of pellets is likely to be an inconvenience [23]
and may be beyond some people's capabilities.

Additional end-user problems reported by respondents to a
Norwegian study [24] included igniter failure, issues with the
control system, noise, more work than expected, and complicated
user guidance. Similarly, an earlier Swedish study reported unin-
tentional shutdown of wood pellet heating systems was a problem
[23], with issues of stoppages in the feeding system (meaning that
no pellets are fed to the boiler), the feeding system running empty
and backfiring. Excessive pellet fines, and pellets that are longer
than standards allow were listed as the main causes for the
feeding system to run empty or stop [23], whereas backfiring,
which describes everything from the spreading of smoke into the
boiler room, to a fire in the feeding system or fuel storage, is said
to be mainly caused by insufficient chimney draught due to a bad
chimney flue design or the accumulations of soot and ashes due to
inadequate maintenance [23]. Whilst the introduction of quality
standards for wood pellets across Europe in 2010 is likely to have
alleviated many of the issues associated with excessive pellet fines
and pellet length, wood pellet boilers are clearly complex systems
that are susceptible to end-user problems, particularly if the boiler
is not regularly maintained.

Whereas the innovators and early adopters of wood pellet
heating were likely to have been very tolerant towards operational
disturbances and were prepared to work hard to make their
systems operate efficiently [23], similar levels of patience are
unlikely to be found in a broader roll-out of wood pellet heating.
There is very limited research that explores consumer awareness
of wood pellet boilers, however, a Swedish study from 2008 found
that compared to other heating systems, such as heat pumps,
knowledge about pellet boilers was low, with around one-third of
respondents stating they did not know even one aspect of pellet
boilers [25]. Given the potentially low levels of consumer aware-
ness and that the satisfaction of current users towards wood pellet
heating will affect the willingness to recommend to others, it is
important that adequate advice and support is provided to con-
sumers and that high quality standards are upheld for the
manufacture of pellets and boilers and at the point of installation
to enable the diffusion of wood pellet heating technology.

3.2.2. Environmental risks

There are a number of environmental risks associated with the
production, transportation and combustion of wood pellets. If
wood is unsustainably extracted from environmentally sensitive
areas, this can cause adverse environmental impacts, including
degradation of watershed and catchment areas, and loss of
biodiversity and habitat [2]. In terms of transport, if pellets are
produced elsewhere and transported long distances by freight
train, lorries, and/or cargo ship, the environmental impact of the
transportation may negate some of the environmental gains,
particularly as countries that are some distance away geographi-
cally, such as Russia, are among the main exporters of pellets [7].

The final element of environmental risk concerns emissions. As
Fiedler [22] comprehensively argues, the method of combustion
for domestic pellet burners is important for ensuring complete
pellet combustion and subsequently low emissions and low
slagging (sticking together of ash). There is an environmental

trade off to be considered in the design of the pellet burner. For
instance, too little air in the combustion chamber will result in
increased emissions of carbon monoxide and unburnt hydrocar-
bons, but will keep the amount of nitrogen oxides in the flue gas
small [22]. Whereas greater air levels will result in the release of
more nitrogen oxides, but less carbon monoxide and unburnt
hydrocarbons [22].

3.2.3. Supply chain risks

The key supply chains risks are the reliability of supply, in
terms of cost and geographical coverage, and the quality of pellets
supplied. Compared with other renewable technologies such as
solar thermal which is perceived to provide ‘free’ energy [16],
some households have expressed concern about being at the
mercy of wood pellet manufacturers and suppliers with regard
to pricing [16]. This is a legitimate observation, especially as wood
pellets are not immune to sharp increases in price, particularly if
the supply chain cannot respond to rising demand. For example, in
early 2007 consumers in Austria and Germany were faced with
exceptionally high pellet prices as a result of a cold winter the year
before and a fast increase in Italian pellet demand [7]. Indeed, it
has been estimated that the forestry in European Union countries
can only supply around 45% of the predicted increased demand for
pellets [7], necessitating imports from other countries, such as the
USA, Canada and Russia, who are presently among the largest
pellet producers [20]. This is not an ideal scenario in terms of
energy security and potential supply chain faults.

An additional concern is that at present, dry residues from
sawnwood production have been the main feedstock for wood
pellet production; however, rising demand for pellets in conjunc-
tion with declining activity in the sawnwood industry means that
future pellet production will to a larger extent be based on wet
feedstock, such as wood chips, roundwood and wet sawdust [20].
This will result in close competition with wood-based industries,
such as pulp and paper, and wood-based energy generation [20],
which is likely to cause pellet prices to increase. Given the
potential energy security and supply chain risks associated with
increased European wood pellet demand, the viability of emerging
alternative biomass pellets should be explored further to increase
future diversity of supply. These include pellets made from willow
and fast growing crops such as miscanthus, wheat and barley
straws [26], as well as pellets made from waste food products such
as spent coffee grounds [27]. Although pellets made from these
materials are not yet achieving the same standards as traditional
wood pellets, it is a promising market.

The supply of inferior quality pellets for domestic (and non-
domestic) use is problematic as the chemical properties of pellets
significantly influences the quality of the combustion, emissions
and efficiency [22,23]. Consumers should be seeking to use pellets
with low water content, for better heating value, and a low ash
content to avoid slagging, whereby the ash sticks together in the
passages of the burner. Given the importance of quality, a
European certification system, the ENplus, has been operating
since 2010 to ensure a consistent supply of high quality pellets
that meet requirements for production, quality, labelling, logistics
and storage [28]. The coverage of the ENplus scheme is growing,
with ENplus certified companies across 23 countries, including the
US and Canada, amounting to more than four million tonnes of
ENplus certified pellets worldwide [9]. Consumers need to be
educated on the importance of buying ENplus certified pellets,
particularly as certified pellets should not cost significantly more
than unregulated pellets as the associated costs for ENplus
certification are estimated to be relatively low at around €0.10
per tonne [7].
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3.2.4. High domestic equipment costs

As wood pellets cannot fuel existing fossil fuel burners, their
use requires the installation of a new heating system, which has
high associated capital costs [2]. For instance, in Ireland it is
estimated that the typical costs range from €5,000 (£4,049) to
€15,000 (£12,149) depending on the size of the house, heat
demand, boiler type, boiler functionality and fuel store type [3],
whilst in the UK, Element Energy [29] estimated that in 2008 an
11 kW biomass boiler would have cost £10,801 to install as a
retrofit measure, but they predicted that this would reduce to
£8,594 by 2020. A related issue is the difficulties associated with
retrofitting a house for a wood pellet boiler [10,30]. In a survey of
over 900 UK households who were considering or buying renew-
able heat technologies, it was found that most people installing
wood pellet heating needed to make unexpected modifications to
their buildings and experienced more disruption than expected
[30]. Karkania et al. [4] argue that high capital costs and risk
perception may hamper the growth of the biomass heating market
in Europe. Indeed, research from Norway found that high installa-
tion costs were a key barrier for 291 households that chose not to
install wood pellet heating [10], and for lower income households,
the capital cost will certainly be a barrier unless grants or low
interest loans are available to cover all capital costs.

Work by Roy et al. [30] in 2008 found that the upper threshold
that people would pay for wood-fuelled boiler systems (excluding
radiators) was £8,000. By comparison, later research from Ireland
on homeowners’ willingness to pay (WTP) for microgeneration
technologies [31] found that the median WTP for wood pellet
boilers was €3,476 (~£2,826), which is significantly below the
market price for installing a wood pellet boiler. Their research
further found that homeowners’ WTP is not entirely based on
rational cost-benefits evaluations, and is likely to be influenced by
subjective perceptions of the technology, people's personal back-
ground and social environment [31]. These findings highlight the
importance of educating consumers on the benefits of wood pellet
boilers, as well as the importance of providing sufficient marked
based instruments, such as subsidies or tax exemptions, to
incentivise households to install pellet heating over established
fossil fuel systems.

Important lessons can be drawn from countries that have
already deployed market based instruments for wood pellet boilers.
For instance, between August 2011 and March 2014, domestic
customers in Great Britain installing biomass boilers were able to
apply for a grant of £950 (pre-May 2013) or £2,000 (post-May 2013)
towards the cost of installing the system through the Renewable
Heat Premium Payment scheme [32]. However, by the end of the
scheme in March 2014, biomass boilers accounted for just 15% of all
vouchers issued for renewable heat technologies, with 3,201
vouchers issued, compared to air source heat pumps which
accounted for 38% of vouchers, and solar thermal, which accounted
for a further 32% [33]. It may be that even with a grant of £2,000,
wood pellet technology remains too expensive to purchase and
install for many households, particularly in light of the earlier
findings on willingness to pay, or is considered risky compared
with air source heat pumps and solar thermal technology.

With regard to the influence of socioeconomic characteristics on
the uptake of renewables, established research shows that certain
consumer segments are more likely to adopt renewable energy or
energy efficiency measures [31]. For instance middle-class home-
owners who are not connected to a natural gas network tend to be
early adopters [30], whilst older homeowners are less likely to
install a new heating technology, especially if they do not expect to
recoup their investment during their occupancy of the house [25].
Furthermore, Sopha et al. [10] found that significant differences
existed between a group that adopted wood pellet heating, and the
non-adopter group, with the adopter group dominated by middle-

income households, who were relatively young compared with the
non-adopter group.

3.2.5. Storage

Whilst the size and density of wood pellets makes them easier
to transport and store than other forms of wood biomass, there are
nevertheless a range of potential storage issues. For households,
space for storing bulk purchases may be an issue, particularly as
SEAI estimate that for a typical house to take advantage of bulk
pellet purchasing they would need a minimum storage capacity of
four tonnes, which is approximately 7-8 m>3, whilst for bagged
pellets, they suggest it would be sensible to have storage available
for ten to twenty 15 kg bags [3]. Furthermore, the design of storage
for wood pellets needs careful consideration to avoid the following
issues: damp, self-heating and self-ignition, off-gas formation and
oxygen depletion, and dust formation. In terms of damp, if pellets
become damp and swell up, they are no longer usable [7], with
potentially high spoilage costs. However, of greater concern is that
a number of serious incidents have been reported across Europe in
connection with incorrect handling of wood pellets, some of which
have resulted in injury or even death [34]. Stelte argues that most
people consider wood materials as harmless, natural products thus
underestimating the risk potential [34]. One such risk is the self-
heating and self-ignition of pellets, which can occur either by
chemical oxidation reactions and/or microbiological decay [34],
although this risk is associated with large storage silos rather than
domestic storage scenarios. By comparison, off-gas formation and
oxygen depletion is a serious risk for households; without ade-
quate ventilation, poisonous carbon monoxide gases can build up,
creating a reduction in oxygen levels which causes suffocation
[35]. In certain conditions, the dispersed dust from wood pellets
can combust [7], this is due to the flammable nature of wood dust
which has a very large surface area compared to its mass [34].

3.2.6. Health risks

As already highlighted, a key health risk for users of wood
pellets is that without adequate ventilation, a build-up of carbon
monoxide and subsequent depletion of oxygen can occur in pellet
storage areas; this has already caused several deaths in domestic
homes across Europe [35,36]. The inhalation of pellet dust is also
associated with health risks [23]. As Stelte [34] outlines, exposure
to and inhalation of excessive quantities of dust particles can cause
irritation of the lungs, nasal and respiratory system, as well as
allergic reactions, and irritation of the eyes. Similarly, wood pellets
can decay due to fungal infections, resulting in airborne fungal
spores and toxins which can cause irritations and allergic reactions
along the respiratory system [34]. The final key potential health
risk concerns exposure to wood smoke particles [37,38], which is
associated with a range of negative health effects, including
increased morbidity and mortality from pulmonary and cardio-
vascular diseases [37]. However, the advanced technology and
design of modern wood pellet boilers mean that emission of
particulate matter is low in well maintained boilers; however, as
discussed earlier, if a boiler is not correctly maintained, emissions
will increase, compounding the risk of exposure to particulate
matter.

3.2.7. Conflict with existing home-making practices

The final issue for wood pellet heating is that it is likely to
conflict with existing home-making practices and daily routines
and habits [31], in addition to introducing new practices. Research
by Claudy et al. [31] found that wood pellet boilers were perceived
as being difficult to operate, which may be considered a fair
assessment given the maintenance associated with wood pellet
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boilers. Although, for households accustomed to open fires, the
maintenance is not too dissimilar to existing practices, and some
higher specification burners are self-cleaning which eliminates all
but the need for periodic ash removal from the ash pan.

Wood pellet boilers may also come into conflict with existing
home-making practices due to their lack of ‘flame’ effect, which is
important for contributing to feelings of cosiness. Devine-Wright
et al. [18] and Wrapson and Devine-Wright [16] have produced
important findings on the value of cosiness and glow to older adults
in the UK. They found that home-making practices may lead to the
supplementing of renewable heating systems with stoves and fire-
places to provide comfort, cosiness and sociability [18], leading to
many households in rural off-gas grid areas using a blend of several
different technologies and fuels [16]. Wrapson and Devine-Wright
[16] argue that such strong attachments to particular thermal
comfort features and concepts of cosiness demonstrate how renew-
able heat technologies must not only replicate the satisfactory
temperature levels of conventional heating systems, but also con-
tribute to the cosiness of the home. These findings also demonstrate
the importance of keeping in the mind the distinction between
housing and the home. Whereas housing refers to the material
structures and institutional components of the stock, home is a
multidimensional concept that refers to the meanings and materials
of everyday practices of dwelling [39], and decisions concerning the
home are not always rational in energy efficiency or financial terms.

4. Concluding discussion

The purpose of this study was to assess the suitability and
usability of wood pellet heating in domestic households. This
synthesis of evidence has explored the main advantages, issues
and barriers associated with domestic wood pellet boilers, as well
as attitudes towards wood pellet heating, and the main drivers for
consumers choosing renewable heat over established fossil fuel
systems. The main advantages that have been identified for using
wood pellet boilers in domestic settings include avoidance of
significant levels of CO, emissions compared with fossil fuel
combustion, which has been an important driver for early uptake
of wood pellet heating in Norway, a reduction in heating costs,
increased comfort, ability to budget by buying small bags of pellets
as required, and the versatility of the technology. However, it is
clear that a number of potential risks exist at all stages of the
supply chain, including environmental damage, inability to meet
predicated future demand of pellets, potential price increases and
supply of inferior quality pellets. In addition, the evidence indi-
cates that wood pellet heating has a heavy reliance on perfection
of design for optimal performance and safety, both in terms of
pellets and boilers but also regarding the design of storage areas.
Numerous end-user problems have been identified, such as unin-
tentional system shut down, noise, excessive maintenance and
difficulties handling the pellets; some of these end-user problems
are likely to increase the maintenance costs of wood pellet heating
compared with established heating systems, particularly if certain
parts are prone to frequent replacement. This can significantly
offset the savings that may be obtainable through pellets being
cheaper than oil or other fuels at point of purchase.

The capital cost associated with wood pellet heating is found to be
a key deterrent to uptake, as well as the need to make modifications to
the property. Research demonstrates that the amount people are
willing to pay for wood pellet heating is often significantly below the
market price, perhaps due to perceived risk. This indicates a need to
increase awareness of wood pellet heating as an option, as well as the
need for market based instruments. The latter will be particularly
important for low-income households in order to remove the capital
costs barrier.

Existing social practices and expectations may also be a key
constraint for the transition from established fossil fuel systems
towards renewable thermal technologies such as wood pellet
heating. It has been shown that considerable value is placed upon
having a focal point of heat or cosy ‘glow’ for social interactions in
the home, something which wood pellet boilers alone could not
provide. Research has demonstrated there is no ‘standard’ domes-
tic heating system in rural, off-gas grid households, with many
households using a blend of several different technologies and
fuels, which may be counterproductive to policy goals to reduce
carbon emissions. In this context, it is important to distinguish
between housing and the home, and to recognise that decision
making by households is not always rational in energy
efficiency terms.

Given the numerous potential risks and barriers that have been
identified, it is evident that wood pellet boiler systems are not
suited to every household, especially if the household members
would struggle with heavy lifting and cleaning, or if the property
lacks adequate space for the boiler and pellet storage. Compared
with established fossil fuel systems, a wide range of considerations
need to be borne in mind before any household opts for wood
pellet heating, and in promoting the uptake of renewable heating
technologies, national governments should ensure sufficient
advice and information is available to households during the
decision making process.

That said, in the right context, and with regular maintenance,
wood pellet heating does show some early promise for use in
domestic settings, and advances in technology are likely to
improve the suitability and usability of wood pellet heating in
domestic properties over time. Wood pellet heating also shows
great potential for use in a district heating set up, especially as
responsibility for maintenance and cleaning is removed from the
individual. Wood pellet heating appears relatively well suited to
regions that have a high dependency on oil, liquefied petroleum
gas and electricity for heating as wood pellet heating is a cheaper
and lower carbon option.

Based on the review of literature, a number of key recommen-
dations have emerged:

® High quality and safety standards for domestic wood pellet
boilers, their installation and professional maintenance are
essential.

® Good quality wood pellets are vital for the optimal perfor-
mance of wood pellet boilers. To this end, consumers should be
encouraged to only purchase ENplus certified pellets.

® Marked based instruments such as full or partial subsidies and
low-interest financing should be made available to remove
financial barriers and increase uptake.

® Consumers need to be provided with adequate advice and
support to increase knowledge of equipment management.
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