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We clarify how citizen users are able to invent in home heating systems.
We researched inventions that users did to heat pump and wood pellet burning systems.
During the years 2005–2012 there were 192 inventions by users in Finland alone.
Users were able to invent in practically all subsystems of these technologies.
Users’ ability merits policy attention and can lead to new types of policy action.
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The new millennium has marked an increasing interest in citizens as energy end-users. While much
hope has been placed on more active energy users, it has remained less clear what citizens can and are
willing to do. We charted user inventions in heat pump and wood pellet burning systems in Finland in
years 2005–2012. In total we found 192 inventions or modiﬁcations that improved either the efﬁciency,
suitability, usability, maintenance or price of the heat pump or pellet systems, as evaluated by domain
experts. Our analysis clariﬁes that users are able to successfully modify, improve and redesign next to
all subsystems in these technologies. It appears that supplier models do not cater sufﬁciently for the
variation in users’ homes, which leaves unexplored design space for users to focus on. The inventive
users can speed up the development and proliferation of distributed renewable energy technologies
both through their alternative designs as well as through the advanced peer support they provide in
popular user run Internet forums related to the purchase, use and maintenance of these technologies.
There are several implications for how such users can be of beneﬁt to energy and climate policy as well
as how to support them.
& 2012 Elsevier Ltd. All rights reserved.

Keywords:
Renewable energy
User-innovation
Small-scale energy technology

1. Introduction
The new millennium has marked an increasing interest in
citizens as energy end-users. Efforts at climate change mitigation
have led to public campaigns to curb citizen energy use and to
incentives for the uptake of renewable energy technologies. The
coming of two-way electricity metering and distributed energy
production have widened the traditionally passive array of roles
set for citizen users of centralized energy supply. While much
hope has been laid on more active citizen energy users, it has
remained less clear what they can and are willing to do.
Our research on user inventions in heat pump and wood pellet
technologies in Finland revealed next to 200 user inventions and
clariﬁes that citizens are both able and willing to invent
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improvements to renewable energy technologies. In the course
of this paper we seek to clarify what, where and how signiﬁcantly
users can modify and invent renewable energy technologies in
residential homes. This scrutiny helps to counteract the false
assumption that users can make only low-tech add-ons as well as
the equally untenable hope that citizen users could take over the
design of renewables all together if only given the chance and
incentivized properly. The ﬁndings position renewable energy
users amidst the high variation found in user inventiveness in
other ﬁelds, ranging from next to no invention to, for instance,
close to one ﬁfth of mountain bikers within a small region
reporting to have modiﬁed some of their equipment (von
Hippel, 2005, 20).
Our focus on Finland is motivated by three contextual issues
that render the country ‘‘a hard case’’, a neutral or even hostile a
context, for user innovation in the renewable home heating
technologies we examine. First, Finland has only a few small
manufacturers of heat pump and pellet burning technologies and
there are virtually no supplier ecologies that could spur user
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inventiveness. Second, wide availability of district heating systems and low energy and electricity price backed by recent pro
nuclear power decisions lessen economic incentives to invent in
renewable home heating systems.3 Third, there is little citizen
advocacy or renewable energy activism that could explain user
inventiveness (Ornetzeder and Rohracher, 2006).
Heat pumps and wood pellet systems are both relatively new
renewable home energy technologies in Finland as they have
proliferated only after the turn of the millennium. Air source heat
pumps have proliferated widely, and the current stock of 400,000
installations in 5,4 million people country contributes to lowering
the amount of electricity consumed in the over half of Finnish
housing stock that is heated with electricity. Ground source heat
pumps and Pellet burning systems have had more modest proliferation; by 2012 producers estimate 60,000 and 25,000 home
units, respectively. Signiﬁcance of ground source heat pumps and
pellet burning systems lies in offering an alternative for oil
heating, particularly through converting from old oil central
heating to renewable heating.
Our article is structured as follows. We ﬁrst present literature
review and method sections. We then examine what users are
inventing in sustainable energy technologies and examine where
in the technical systems users are able to invent and what issues
appear to channel or curb users inventive actions (Section 4).
We then focus on the potential in user inventions in expert
evaluation (Section 5). These analyses are followed by a discussion
and implications for energy and climate policy.

2. Active and inventive users of renewable energy
technologies
To date the dominant approach to citizen energy end users has
rested on the technology transfer view, which posits a linear ﬂow of
knowledge from research and development to everyday life. Technological improvements are seen to emanate from research laboratories
and ﬁnd their way to end consumers via suppliers, retailers, assemblers, maintenance providers and promotional agencies (Guy and
Shove, 2000). In this scheme of things consumer attitudes and
perceptions of technology act as predictors of users adoption
(Rogers, 1995; Faiers and Neame, 2006; Schweizer-Ries, 2008) and
the key issue becomes how to overcome the ‘social’ or ‘non-technical’
barriers, seen as the main obstacles to the ﬂow of adequate energy
technology and knowledge into practice (Shove, 1998; Garrett and
Koontz, 2008).
There is, however, accumulating evidence that complicates this
view. Since the late 1970s, sociological and demographic research on
residential energy use has consistently found great variations in
energy use among similar households (Lutzenhiser, 1993; Guerin
et al., 2000). These variations do not result from technological
differences (different heating systems, different insulation) but from
behavioral differences in using products and systems (thermostat
settings, number and length of showering, leaving lights on etc.).
However, rather than following straightforwardly from energy attitudes or diligence in adopting, many differences appear to follow
from how end users adopt and adapt the technologies to their local
conditions and the particularities of their houses and everyday
practices (Shove et al., 2007; Caird and Roy, 2008). The importance
3
There are three nuclear plant projects underway in Finland. The construction
of 1600 MW nuclear plant (Olkiluoto 3) started in 2005. Current estimate for
opening the plant is 2015. In 2010 Finnish government made a decision to allow
two new nuclear plants (Olkiluoto 4 and Fennovoima) to be built. The lower
energy and electricitly price expectation does not directly affect users’ incentives
to self-build cheaper renewable systems, but it does affect incentives to render
them more efﬁcient and economic incentives to invest in renewables in the ﬁrst
place.
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of skillful adoption and ﬁnding a well-suited blend of appropriate
technology options and energy practices has thus been raised to the
fore (Walker and Cass, 2007; Raven et al., 2008) as have activities and
skills in DIY house and energy efﬁciency renovations (Shove et al.,
2007). ‘‘Grassroots innovation’’ has recently been underscored as
means to capitalize on these ‘‘innovations-in-practice’’ and suggested
to contribute to their persistence and proliferation potential (Seyfang,
2009; Heiskanen and Lovio, 2010; Moloney et al., 2010). Varying
social and cultural conditions thus do not appear to be mere ‘barriers’
to diffusion, but citizen activities related to technological adaptation
and improvement as well as to market creation can become key
‘enablers’ of proliferation and more effective use of heating solutions.
An important line of research within the above avenue is to
examine users capacity and willingness to invent, design and
supply their own technical solutions. Contrary to the technology
transfer view users in many other walks of life have been
documented to develop technology on their own. There are
dramatic ﬁeld and timing speciﬁc variations. The proportion of
user innovations can vary from next to none to up to 80% found in
surgical instruments and be limited to pre-commercial stage of
innovation or include users growing into manufacturers or
continued development in longstanding user innovation communities (von Hippel, 2005; Baldwin et al., 2006). Inventions by users
tend to be highly concentrated on few user inventors, typically
representing less than 0.1% of total user population. However, a
greater number of users do some modiﬁcation to some of their
equipment, for instance surveys targeted at households in the UK
indicated that 6% of users have modiﬁed some technology they
use during the last three years (von Hippel et al., 2010).
Within research on renewable energy, user innovation has been
documented to occur in studies on modern biomass heating systems
and solar collectors in Austria (Ornetzeder and Rohracher, 2006),
wind turbine cooperatives in Denmark (Jørgensen and Karnøe,
1995; Karnøe, 1996), energy efﬁcient buildings in Germany
(Ornetzeder and Rohracher, 2006), and straw bale housing in the
US (Seyfang, 2009). These studies indicate the signiﬁcance of user
innovation in the contexts inspected, and imply that the issue may
deserve further attention. In particular a more detailed examination
of users’ inventions is interesting. The present inquiry thus seeks to
examine in-detail where in the technical system in question
inventive user modiﬁcations are accomplished and where not. This
provides indications to how capable the inventive users are at their
technical modiﬁcations of renewable home-heating technologies.
This should provide further cues of what role their advice and other
help they provide to other users may play in the market creation for
renewable heating technologies. This latter interest is motivated by
the popularity of Internet forums dedicated to renewable home
heating technologies, for instance, the Finnish ones related to the
three technologies we examine have been loaded 60–80 million
times during the last 5 years, and they are arguably among the key
enabling factors for the proliferation of these technologies.

3. Data and methods
Our data set consists of the analysis of Finnish heat-pump and
wood pellet Internet forums, where inventive users display their
projects, and 40 in-depth interviews. These user run Internet
forums have evolved into major communications medium
amongst the users of these heating technologies. The main
Finnish heat pump forum www.lampopumput.info features over
208,000 posts and 13,000 discussion threads by over 4100
registered discussants in its 6 years of its existence. By November
2012 its pages had been viewed 55,374,899 times, which is fairly
much for a language group of about 5.5 million Finnish speakers
and installed base of 400,000 units at the end of the 6 year period.
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The main forum dedicated to ground source heat pumps (GSHP)
www.maalampofoorumi.ﬁ features 47,000 posts and over 4200
discussion threads by 3700 registered discussants within 7 years
of its existence. The forum dedicated to wood pellets www.pellettikeskustelu.net features over 49,000 post, over 3600 discussion threads and 2200 registered discussants within 6 years of its
existence. The load ﬁgures of the two latter forums are not
available, but a conservative estimate based on lampopumput.info would be 5–20 million times each.
We sampled and stored typical postings in all those forum
sections, which we suspected could reveal user inventions, most
notably the ‘‘own modiﬁcations and improvements’’ and technical
questions sections (from here on ‘‘do-it-yourself (DIY) sections’’),
which featured 1206 discussion threads. We read through all these
threads in their entirety and coded them. Codes were derived from
the data based on the actual words or terms used by the interviewees
(‘‘in vivo’’ codes) or deﬁned by researchers (‘‘ex-vivo’’ codes). To gain a
better idea of the inventions and discussants, and their relationship to
those in the DIY sections, we used the general statistics of the forum
as well as manually checking the proﬁles of 115 discussants active in
DIY sections. We then conducted 30–120 min long semi-structured
interviews with 35 forum-active inventing users and 5 ﬁrms that had
collaborated with inventive users, focusing on the modiﬁcations these
users had made and the information sharing they had with other
users and manufacturers.
Our data analysis proceeded through categorizing all user
inventions and modiﬁcations in our sample. In total we found next
to 250 potential inventions or modiﬁcations that improved either
the efﬁciency, suitability, maintenance or price of the heat pump or
wood pellet systems. We clustered these ﬁndings further into types
of projects and then placed these under more general categories
typical to user inventions and alterations of technology, following
the naming conventions prevalent in the research literature
(Botero et al., 2010). We further coded for the thread topics related
to these forms of user inventiveness, what kinds of reactions, help,
and other contributions other users volunteered to these postings/
projects and the reasons users had for their inventive actions. After
this we used external experts to assess the inventions, which led to
discarding some projects as not clearly and signiﬁcantly improving
the technology, its ease of use, purpose of use or energy efﬁciency,
leaving 192 projects veriﬁed as inventive.

renovation, which would boil down to technically simple additions such as placing a sledge under an air source heat pump
(ASHP) outdoors unit to remove ice in the winter or building a
housing for it to make it esthetically more appealing or making a
burning basket to ease pellet burning at home stoves (Fig. 1). Such
simple add-ons should not be belittled as they do ease the use and
uptake of new technology. Similarly important is DIY renovation
of homes using power tools with the help of DIY videos found in
the Internet (Shove et al., 2007).
However, the user inventions in these technologies also
include commercialized products and technically very sophisticated rebuilding of machinery (Fig. 2), in fact they span a whole
range of additions, adaptations, reinventions and new designs,
which we discuss in detail below.

4. Where and what can energy users invent in technical
systems?

4.1.2. Example user modiﬁcation and repurposing: Adding a resistor
to ASHP to make it maintain 8 1C temperature
Several users fooled the indoor temp sensors of their ASHPs (in
various technical ways) to achieve lower sought indoor temperature. In cold winter countries, garages and summer cabins and

The activity of citizen end-users in energy related adaptations
is predominantly thought of being limited to add-ons and DIY

4.1. User inventions in air source heat pumps
In our search on ASHP we found 79 user inventions. Thirty
of these were ‘‘system level designs’’ that spanned several subsystems of the technology. We identiﬁed 25 ‘‘user modiﬁcations’’,
technical redesigns that were limited to one subsystem. As
important were 24 cases where user inventiveness was best
described as ‘‘user add-ons, repurposing, hacks, relocating or
working around’’. Let us ﬁrst give short examples to characterize
user inventions in these categories. We then present a more
encompassing view of these inventions in Table 1 that classiﬁes
the inventions according to subsystems of the ASHP technology.
Fig. 3 then visualizes the range and extent of these inventive user
projects within ASHP technology.
4.1.1. Example user design: Turning air-to-air heat pump (ASHP)
into air-to-water heat pump (ASWHP)
Several users turned several ASHP models into ASWHPs by
removing ASHP indoor convector unit and connecting the outdoors air source collector into a liquid circuit in the water central
heating of the house. The design required reconﬁguring the
coolant circuit, building the indoor circuit heat exchanger, adding
in new sensors and control logic for both indoor and outdoor
units, creating reference data for successful control etc. While the
energy saving is not usually on par with commercial ASWHP, the
cost is only 10% of the off-the-shelf ASWHP.

Fig. 1. Examples of simple additions. Sledge for ice removal (left—http://lampopumput.info/foorumi/index.php?topic=1279.0), housing for air heat pump (middle—http://
lampopumput.info/foorumi/index.php?topic=7482.30) and wood pellet burning basket (right—http://kotisivu.dnainternet.net/juslaat2/innovaatio.html).
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Fig. 2. Example of advanced heat pump (left—http://lampopumput.info/foorumi/index.php?topic=2185.0) and wood pellet burning (right—http://www.pellettikeskus
telu.net/keskustelu/viewtopic.php?f=7&t=2618) user project.

Table 1
User inventions in air source heat pumps.
Part of the technical
system

Subsystem

ASHP
ASHP
ASHP
ASHP
ASHP
ASHP

outdoor
outdoor
outdoor
outdoor
outdoor
outdoor

Installation location
Installation conditions
Melting mechanism of bottom cover
Melting mechanism of collector outdoor coil
Add-on for the outdoor unit
Channeling of the water out of the unit

2
1
9
4
4
6

ASHP
ASHP
ASHP
ASHP

outdoor unit
refrigerant system
heat exchanger
system

Handling of water outside of the unit
Refrigerant ﬂuid
Hot water tank
Water circulation

4
1
4
1

unit
unit
unit
unit
unit
unit

ASHP Internal unit

N:o user
inventions

ASHP external unit
ASHP internal unit
ASWHP outdoor unit

Repurposing of air to air heat pump to
ASWHP
Repurposing of air to air heat pump to
geothermal heat pump
Repurposing of swimming pool heat pump
Repurposing of internal unit
Utilization of cooled air from outdoor unit

ASHP remote control

Add-on for internal unit

5

ASHP internal unit
ASHP internal unit

Mechanical structure
Sensors in the internal unit

1
4

ASHP system

Add-on for monitoring and controlling the
overall unit performance
System level design

10

Total

79

Repurposing of ASHP

ASHP system

15
1
1
1
1

4

other non-lived spaces are heated to non-freezing temperatures.
Heat pumps would cut this maintenance energy use signiﬁcantly,
but only if rigged to work below the minimum speciﬁcation
temperature, usually 16 1C. The latest commercially available
ASHPs support this type of functionality but at a considerably
higher price than rigged cheap models.

4.1.3. Example user add-on to ASHP
An IR-remote control is provided with several ASHP models to
control e.g., temperature and strength of air blow. When the
home includes several energy technologies, home automation

Example descriptor of user invention

Heat pump outdoor unit is installed empty space below roof or ﬂoor
Covering unit with roof or overall cover
Adding resistor parallel to sensor
Using IR-heater to prevent formulation of frost and ice on the coil
Air input from system that is built from plexiglass
Construction of inclines with hard to freeze material inside
the outdoor unit to prevent ice from blocking drainage
Placing plastic sledge below the unit to store accumulated ice
Adding propane to 410a refrigerant
Radiator hot water tank constructed from an old oil tank
Finding a way to install pipes closer to the ﬂoor surface than
in commercially available models
Removal of internal unit and replacing with water heat exchanger.
Changes to control logic required
Outdoor coil replaced with heat exchanger panel
Utilization of recycled material
Using unit as blow convector
Summer time cooled air can be tunneled back to apartment
for cooling purposes
PC soundcard based control to replace remote control
and increase control distance
Spraying ‘‘noise killer’’ to reduce noise of internal unit
Adding transistors and resistor to hack internal sensor
to achieve lower minimum temperature
Utilization of weather forecasts from Wunderground weather service
to optimize performance
DIY unit for industrial buildings

systems are often used to simplify the daily use of the systems.
The home automation can be PC-based, and monitor and control
several systems within the house. Users developed an add-on
USB-connected IR-box, which is used to replace the IR-remote
control of internal unit and control the heat pump via the
automation system.
Let us now shift perspective to the clustering of such inventions within the technological conﬁguration of this technology.
Table 1 discusses the extent and distribution of the found user
inventions within ASHP parts and technical subsystems.
Fig. 3 helps to further clarify these in regards to distribution and
range of user inventions in Finnish ASHPs. Most modiﬁcations have
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Fig. 3. Range and distribution of user inventions in air-to-air and air-to-water heat pumps according the categories on Table 1.

been dedicated to the outdoors unit’s freezing problems and to the
replacement of indoor convector unit with water circulation. What
is salient, however, is that users are able to invent in virtually all
parts of the technical system, including the coolant gas mixes,
control logics and system level design. Only three parts of the
conﬁguration have been left untouched by the inventing users: the
insides of compressor unit, reversing valve and expansion device.
These user activities with ASHPs make clear that some users’
capacity to improve their energy technology is considerable.
Alongside a few new-to-the-world inventions with commercial
potential, a fair amount of more limited improvements emerged.
This is noteworthy as heat pumps are not the easiest or most
likely sites for user invention because of their technical complexity,
mass production, low conﬁgurability, manufacturer disinterest in
niche development, equipment integrating several technology
areas (coolant systems, electronics, mechanics, software, and in
ASWHPs also plumbing), and the loss of warranty and insurance
coverage upon making modiﬁcations.
In user forum discussions and in our interviews with the
inventors, three major issues appear to stand out as having
spurred inventions (1) inadequacies of most commercial models
in dealing with cold climates and the ensuing room for improving
in their energy efﬁciency and usability, (2) the emergence of user
run Internet forums where heat pump owners exchange experience, ideas and help (in Finland alone, pages have been viewed
over 60 million times), and (3) the relatively cheap price of
particularly lower-end of AHP models, which encourages experimentation with them.

4.2. User inventions in ground source heat pumps
In GSHPs we found 4 system level designs, 8 user modiﬁcations and 14 user add-ons, repurposing, hacks, relocating or workarounds. Let us again ﬁrst present short examples to characterize
user inventions in these categories, and then clarify their range
and extent (Table 2 and Fig. 4) according to subsystems of the
GSHP technology.

4.2.1. Example of user design
ASHP with ground source outdoor circuit. The typical GSHP is
connected to central heating system, which many older houses do
not have. An air heat pump convector unit with ground source
outdoor circuit enables a cost competitive GSHP solution that
suits this building stock. The outdoors unit of heat pump as well
as the control logic and connections between inside and outside
units are modiﬁed. The ground source to air heat pump user
innovation is commercialized by Jääsähkö Oy in Finland.
4.2.2. Example of user modiﬁcation to GSHP
Some GSHP models utilize so called superheater solutions, in
which the domestic hot water is heated to higher temperature
with one additional heat exchanger. The user changed piping in
the unit to circumvent a lower temperature water tank through
which the unit circulated the water. He channeled the piping
outside of the unit, and installed a temperature changer to the
piping to keep the water temperature as constant as possible,
regardless of the status of the heat pump.
4.2.3. Example of user add-on to GSHP
A practice innovation to improve ground source heat pump
efﬁciency is to insulate its outdoor coil with snow. The outdoor
coil of the GHSP is typically installed either vertically in a deep
rock well or horizontally in the yard or in a ﬁeld. In the latter
installation method coil is 1-meter deep in ground. In the Nordic
environment snow can be used as insulation during the wintertime. When snow is accumulated in a heap above the installed
ﬁeld it prevents the ground from cooling from outdoor air and the
coil stays in a warmer environment.
Fig. 4 helps to further clarify the distribution and range of user
inventions in Finnish GSHPs. The overall amount of inventions is
smaller than in ASHPs, but on a slightly higher level (0.02%/0.04%)
when compared to number of units installed in Finland. As with
ASHPs users have invented in most parts of the system, yet with
GSHPs it appears that the core unit with compressor, evaporator,
condenser and coolant liquids has been subject to alteration in only
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Table 2
User inventions in ground source heat pumps.
Part of the technical
system

Subsystem

GSHP

Add-on for monitoring and controlling the
overall unit performance
Add-on for monitoring ground heat exchanger

4

GSHP outdoor coil
GSHP/ Geothermal heat
to air pump
GSHP superheating
buffer tank
GSHP outdoor unit
GSHP add-on
GSHP add-on

Coil location or modiﬁed use of coil and well
System level design

5
1

Using Linux USB drive for storing automation data. Low power consumption
compared to constantly powered PC
Using extra temperature sensors for measurements with ground heat
exchanger
Coil is embedded in wastewater inﬁltration ground
Air heat pump with underground air/liquid pipe

Water piping

2

Changing valve to thermostat valve to gain improved performance

Well
Add-on for control logic
External hot water tank as add-on

2
1
2

Radiators

Heat distribution system

1

Use of plastic drain pipe to build maintenance well
Transfer of exhaust heat to GHP source ﬁeld
The system is designed to work with small domestic hot water tank.
A separate lower temperature tank installed for circulating water
Increasing heat distribution with fan with radiators

GSHP

Total

N:o user
inventions
8

Example descriptor of user invention

26

Fig. 4. Range and distribution of user innovation in ground source heat pumps according the categories on Table 2.

two more encompassing designs. Based on the list discussions and
interviews, the reason appears to lie in the substantially higher price
of GSHP installation, up to 30,000h, which inhibits citizens’ behaviors
that may violate the integrity and warranty of the equipment. GSHP
equipment is also more targeted to cold climates and thus features
less obvious space for improvement—nonetheless, as with the ASHP
it appears local conditions feature variation that generic designs do
not fully cater and leave unexplored design space, on which some
users focus.
As with the ASHPs and wood pellet burner technology we discuss
below, most user inventors were active in the user-run Internet
forum dedicated to this technology. Similarly, cost reduction or
improvements in performance were the expressed motives and the
common pattern is that most modiﬁcations concern ﬁtting the
technology to local particularities, be those particular opportunities
such as the possibility to easily use snow to insulate the horizontal
collector ﬁeld, or constraints, such as lack of water central heating.

4.3. User inventions in pellet wood burning systems
In wood pellet systems we found 12 system level designs, 51 user
modiﬁcations and 24 user add-ons, repurposing, hacks, relocating or
work-arounds. Let us again ﬁrst present short examples to characterize the user inventions in these categories, and then clarify their range
and extent (Table 3 and Fig. 5) according to the subsystems of the
wood pellet burning technology.

4.3.1. Example user design: Building a wood pellet burner and
control logics from scratch
Several users built either their own burners or control logics.
For instance a father–son pair ﬁrst redesigned an old oil burner to
a pellet burner. The father used his welding skills to build the
hardware, and the son built the needed control logics with his
software programming and electronics skills. The resulting design
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Table 3
User inventions in wood pellet systems.
Part of the technical
system

Subsystem

Pellet Boiler
Pellet Boiler system
Pellet Boiler
Pellet transfer
Pellet transfer
Pellet storage
Pellet storage
Pellet system
Pellet system
Pellet boiler
Heat system
Other systems
Other

Burner
11
Pellet Boiler system
11
Burner control
2
Pellet Auger
3
Cyclon
5
Indoor silo
5
Outdoor silo
9
Measurement
5
Automation
9
Exhaust gas vacuum
1
Hot water tank
1
Other pellet burning systems 23
Pellet Production
1

Total

N:o user
inventions

Example descriptor of user invention

Building own burner design from metal
Welding a whole new boiler unit
Programming the software logics and wiring the electronics for own burner
Pellet auger from a single piece of rust-resistant metal
100-litre barrel, attached to a recycled efﬁcient vacuum cleaner with a rubber chain
Using an old big metal cucumber container for building a daily pellet storage
Building a separate outhouse for pellet storage
Monitoring burner temperature and failure alarm
A graphical temperature monitoring system with I- wire sensors
Old oil tank turned into an exhaust gas vacuum
Building a 4000 l hot water tank out of rust-resistant metal
Building a burner basket that enables the ﬂow of air in the burning process
Building a transferrable pellet mill on top of a pick-up car

87

Fig. 5. Range and distribution of user inventions in wood pellet burning systems according to the categories on Table 3.

lights up faster than alternatives and minimizes burning gases.
Several other users already use this new design.
4.3.2. Example user modiﬁcation and repurposing: Turning an old
oil-burner to a pellet burner
Several users modiﬁed and repurposed their old oil burners to
better suit pellet burning. These modiﬁcations differed depending on
the oil burner brand. The problem with most oil burners is that the
ﬁre hearth and the ash compartment are too small. Modiﬁcation and
repurposing required extending the burner cavity of the oil boiler
lengthwise to enable a larger ﬂame and hence cleaner burning.
Cleaner burning is seen as a prerequisite of efﬁcient pellet burning.
4.3.3. Example user add-on to wood pellets: Building a burning
basket to add to burner or ﬁreplace
Several users made burner basket add-ons to be used either
inside old oil burners or in the ﬁreplace, because some old oil
burners lack a suitable ‘‘ﬁreplace’’ and ﬁreplaces lack a tray for
placing the pellets. Burner baskets can be made almost from any
metal thing, for instance bending three steel boards formed into
a square frame with one side open. Such add-on enabled the

controlling of air deﬂecting in the burning process, a quality that
was seen to be lacking in commercial products otherwise suited
for users particular conditions.
Examining the user inventions in wood pellet burners reveals
that also in this technology users have invented in all aspects of
the technology. In fact, Fig. 5 clariﬁes how only the radiators
inside the house received no alterations. The Finnish wood pellet
burning systems feature two new-to-the-world designs, while the
remaining 65 inventive user projects created systems or modiﬁcations that recreated existing types of equipment from metal
parts that happened to be available or modiﬁed extant equipment
(e.g., oil burning stoves) for wood pellet use.
Again we ﬁnd the user forum www.pelletikeskustelu.net
playing a major role in dissemination of ideas and peer assistance
as well as cost reduction appearing to play a role as self building
can produce a working pellet system with 10% of the price of
purchasing a commercial one. Again we also ﬁnd local conditions,
means and resources being utilized. In this latter aspect, however,
lies a difference between wood pellet and heat pump projects.
Most pellet systems rest on direct engagement with materials at
hand and on site (not mediated by accurate blueprints or design
tools and their distribution over the Internet) and they create
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the technology from available materials, not starting from or
improving on commercially available systems as was the case in
heat pump projects.
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5. Expert evaluations of user inventions
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Fig. 7. Ease of implementation of inventions by potential adopters, where low
value means difﬁcult to implement.
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To evaluate the signiﬁcance of inventive user projects we
subjected them to expert evaluation. Both in heat pump and in
wood pellet systems, we used three expert evaluators to assess
the projects on a scale from 1 to 5 in regards to their inventiveness (minor improvement – signiﬁcant and new to the world)
ease of implementation (low/difﬁcult – high/easy), diffusion
potential (marginally – to all equipment) and energy saving
potential (as percentage and as kW h per year in a typical Finnish
detached house having total consumption of 20,000 kW h in
which 16,000 kW h is consumed on heating). We chose the
experts so that one in three represented academia specialized in
the technology area, one ‘‘lead users’’ or user inventors and one
companies in the technology area. Both sets of three evaluators
provided well-aligned appraisals of the inventions: at most a
difference of one degree was found in cross-comparisons. We
thus could settle the value by majority vote following the value
given by two evaluators.
The ﬁrst item in evaluations, inventiveness (Fig. 6), shows that
most user modiﬁcations and add-ons were relatively incremental.
In heat pumps 81% and in pellet systems 75% of items fell onto
minor (5) or relatively incremental (4) categories. In heat pumps
17% were classiﬁed as moderately signiﬁcant (3), 1% as relatively
signiﬁcant and 1% as new to the world. In pellet systems 16% were
scored as moderately signiﬁcant (3) 6% as relatively signiﬁcant
and 3% as signiﬁcant and new to the world invention.
The second item in evaluations, ease of implementation by
potential adopters, interpreted as existing and potential users
within Finland (Fig. 7), tells of the above indicated technical
sophistication of particularly heat pump hacks and inventions.
Most heat pump modiﬁcations are moderately difﬁcult to difﬁcult
to implement, typically requiring fair technical sophistication.
While the experts considered them as difﬁcult to implement, they
acknowledged that many users who actively followed the Internet forums would have the requisite know-how to realize these
designs. The implementing users would also be greatly augmented by the kind of detailed instructions that inventing users
typically provide of their work as well as by the personal
instructions and problem solving help the inventive users are
equally prone to provide Fig. 8.

30.0%

20.0%

10.0%

0.0%
1 (Marginally)
80.0%

Technology
Air Heat Pump
Ground Source Heat Pump
Wood Pellet

Percent

60.0%

40.0%

20.0%

0.0%
1(Minor
2
Improvement)

3

4 5(New to the
world)

Fig. 6. Expert evaluation of inventiveness.

2

3

4

5 (To All
Equipment)

Fig. 8. Diffusion potential of inventions.

The different nature of wood pellet systems and their user
inventions is visible in their ease of implementation. Only less
than 20% belong to the difﬁcult-to-implement-categories provided that the person has common metal working skills as
his/her competences.
The third item in the evaluations was the diffusion potential of
the inventions to the total Finnish user-base: to how large a
proportion of the Finnish user base would the invention be
potentially beneﬁcial and applicable? Here the results on heat
pumps and wood pellets are largely convergent. The majority of
the inventions concern and/or arise from local contingencies,
which sets requirements that limit their realistic diffusion potential. Another limiting factor is the type of technology model
in question. The Finnish market for both heat pumps and wood
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Technology
Air Heat Pump
Ground Source Heat
Pump

80.0%

Percent

60.0%

resulted in higher energy savings were also more difﬁcult to
implement and had less diffusion potential. Not much can be
inferred from these correlations apart from that inventiveness
and energy saving ambition should not be dismissed by e.g.,
incorrectly presuming that easy to implement incremental modiﬁcations could be more desirable in terms of diffusion potential
and energy saving.

40.0%

6. Discussion: What can inventive users do and why they
do it?
20.0%

0.0%
>15% / >2400KWh

12-15% / 1920-2399KWh

9-12% / 1440-1919KWh

6-9% / 960-1439KWh

3-6% / 480-959KWh

<3% / <479 KWh

<1% / <160KWh

No savings / Not relevant

Fig. 9. Expert evaluations of the energy saving potential of user inventions.

pellet systems is divided among several brands and tens of
models. Many modiﬁcations concern only a speciﬁc model,
population of which the experts took as the population into
which the modiﬁcation can proliferate rather than evaluating
e.g., the sales potential of so improved model.
The ﬁnal item in our evaluations was the energy saving
potential (Fig. 9). Here the expert evaluations proved less helpful
than in other categories. In wood burning pellets it became
simply too hard to assess reliably the energy saving achieved
without ﬁeld trials. In heat pumps this was easier, as there in
most cases was already a model on which the invention or
modiﬁcation was built onto. However, over 40% of the user
inventions were in fact improvements to the usability and
monitoring of the systems. In some such cases our evaluators
did provide estimates of indirect energy saving, which were
mostly higher than the mean direct energy saving of the evaluated inventions. However, we have discarded all but estimates of
indisputable direct savings to err on the conservative side of the
potential. Out of these, the median energy saving was around 3%,
whilst relatively few reached beyond 6% savings.
The energy saving potential is also debated amongst the users
in Internet forums and for many of the inventions assessed also
higher public estimates exist, some backed by monitoring data.
Our expert evaluators admitted that it was hard to quickly and
reliably determine the saving, and that they were likely to
underplay it, just as many user inventors could overplay the
saving or not be able to differentiate it from other possible
changes to their energy consumption.
Finally we tested correlations between the four evaluation
areas. The ratings were on measurement scales having limited
possible scores, and we used both Spearman’s Rho and Keldall’s
tau-b that are suited for this. Their results were in alignment and
the signiﬁcant correlations (p o0.01) were as follows (numbers
from spearman’s rho). Inventiveness correlated negatively with
ease of implementation (  0.281) and positively with diffusion
potential (0.324). Inventive modiﬁcations were thus evaluated as
more difﬁcult to implement, but had higher diffusion potential
than incrementally inventive solutions. Energy saving potential
had negative correlation between both ease of implementation
(  0.423) and diffusion potential (  0.404). The inventions that

The present study reports a systematic study on citizen users
ability to modify and invent in sustainable home energy technologies. We focused on three sustainable energy technologies that
are relatively widespread in Finland. In total 192 user inventions,
designs, modiﬁcations and add-ons were found in air and ground
source heat pumps and wood pellets. These featured new-to-theworld designs even as the majority of the inventive user projects
were more modest in scope or in novelty. Our analyses show that
in all three technologies users are able to invent in practically all
parts and subsystems of the technology. Those subsystems that
do not feature user modiﬁcations such as compressors and
radiators appeared to be such parts that users did not ﬁnd a need
to tinker with rather than being too difﬁcult to modify.
Our expert evaluations showed that the most advanced
designs aside most user inventors built solutions that had one
or several facets that would have rendered them unsuitable for
mass producers of the systems. The inventions were either useful
for relatively speciﬁc locales, compromised the durability or
reliability of the system in a manner that could be locally
compensated for but would not suit all users, or combined
different technologies in a manner that commercial manufacturers would not ﬁnd appealing even when local beneﬁts were
obvious. In this capacity, user inventiveness presents a complementary direction for the advancement of technology to research
or manufacturer driven R&D. The inventors were aware of the
risks their experimental projects could entail, and judging from
the forum discussions, had created well working local arrangements to handle them.
Taken together these ﬁndings indicate that some citizen
energy users have signiﬁcant competence and will to take a deep
and active relation to their energy technologies. The rise, spread
and visibility of sophisticated DIY competences and projects has
been facilitated by user run Internet forums, that allow helping
and thus the mixing of professional competences that is often
requisite for user inventors to achieve their designs. As with most
other technologies, the making of inventive modiﬁcations is
concentrated on few individuals. The inventions we found represent 0.02% of ASHP, 0.04% of GSHP and 0.3% of pellet burner stock
in Finland. The number of people who display their own modiﬁcation projects on the Internet but abort them is roughly equal
to successful ones. The number of people who copy modiﬁcations
is greater, but hard to assess as is the amount of users who do not
display their modiﬁcation projects publicly or in peer networks.
The rough magnitude of the number of people affected by the
advice and help given by inventive users to all kinds of technology
questions in the Internet forums can be estimated as at least
several thousands for each of the three technologies. Most of the
inventive users post extensively (up to 10,000 post by one
individual), provide ‘‘top end help’’(help when others no longer
can) and their advice is frequently referred to by others in forums
that have been viewed at least 60 million and most likely over 80
million times. The inventive users and their projects thus appear
to play a role in both the technical evolution as well as market
creation for these technologies.
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7. Implications for energy and climate policy
Users capacity to make inventions and modiﬁcations, and its
public availability, can speed up the development and proliferation of distributed renewable energy technologies.
In the ﬁrst instance user inventions point at what is missing in
the market: these advanced people are aware of the limitations of
the technology and try to solve them by inventing (cf. von Hippel,
1986). Hence, manufacturers, installers, standards setters and
policy makers might examine the inventions from the perspective
of what needs to be done, especially when bringing products into
new local markets. Two areas stand out in the current data set:
lowering cost and modiﬁcation to users’ particular circumstances
(e.g., cold climate, speciﬁc mix of energy technologies in the
house). If policy makers (and so it seems) are engaging more
closely with technologies again, they might ﬁnd ways to support
the latter line of development e.g., via requiring some level of
modularity and adaptability. The lower cost solutions could, in
turn, be capitalized on by local entrepreneurs who could do
further designs based on user prototypes that are typically freely
revealed. This could be stimulated through an industrial/innovation policy targeted at startup SMEs. The expert evaluation
conducted here (in a somewhat modiﬁed form) could serve as a
template for reviewing user inventions and seeking ones that are
worth supporting. Furthermore, corporate and policy actors could
beneﬁt from identifying and inviting the ‘lead-users’ into ideation
workshops to chart the future development (Churchill et al.,
2009), a format that has been shown effective in many ﬁelds
and is already trialed by German energy companies.
A related implication is that citizen user inventions complement and offer alternative routes for the proliferation and design
of the technologies in question. As with most other technologies,
the proportion of users who have the will and capacity to do
inventions and inventive modiﬁcations is relatively small, less
than a 0.5%. However, users in the small country of Finland alone
have made several improvements per technology model in the
market. These have spread as new start-ups, incorporated into
producer offerings as well as spread as common hacks among the
user population. It is worth remembering that the accumulation
of minor improvements is responsible for a major part of
technological progress (Rosenberg, 1976). The alternative proliferation paths and their signiﬁcance is an area that merits further
research, also in regards to management of risks, resale value of
modiﬁed equipment as well as in regards to determining with
more accuracy how they could be best supported.
The capabilities of inventive users appear to be relevant also for
market creation for new renewable technologies. The Internet
forums for these three technologies have been viewed 60–80 million
times to ﬁnd information on purchase, running, maintenance,
monitoring, adjusting and optimizing these energy technologies in
citizens’ homes. Most inventive users are among the core participants in these forums. Their projects and competence appear to
provide assurance, inspiration and increased awareness of energy
technologies’ behavior among the non-inventing users that read
Internet forums. This holds value, as studies on e.g., heat pump
usage in Finland shows that these technologies are grossly underused compared to their potential (Degefa, 2010). Potential policy
support related to the inventive users in market creation could
target the running costs or small compensation to moderators and
key users for the voluntary helping behaviors these users already do.
Policy actors could equally provide support for attempts to set up
new forums that bridge different renewable technologies (forums
are now technology speciﬁc even as many houses have a hybrid
systems of multiple heating forms). Highly capable inventive users
could also be enticed to join into more structured help-line set-up
for potential adopters.
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Another implication for energy and climate policy is the
possibility to invite inventive users into the ideation of innovation
support mechanisms and in identifying barriers to proliferation of
local renewable energy and electricity generation. Trials in these
areas are underway in Finland with tens of problem areas and
ideas recorded and recognized as potentially valuable by the
policy makers involved in these processes. A potential further
action route could be setting up concrete tasks and pilots where
such expressed future requirements and ideas can be iterated,
and where leading users could potentially lead local and concrete
development efforts.
Let us end with consideration of how generalizable the ﬁndings and implications may be beyond the speciﬁc Finnish contexts. In regards to ﬁnancial incentives inventive user activities
are more likely elsewhere. Both current and expected energy
prices in Finland are among the lowest in the EU and the average
income is high even as the cold annual average temperature (6 1C
at the south of Finland) does add to the heating bill. As regards to
cultural facets, the sparsely populated Finnish countryside has
retained some do-it-yourself culture, yet this may not differ from
rural areas elsewhere. Finland is at the top in UN education index
and this may feature in Finnish citizen users’ capacity and willingness to invent and set up extensive communication forums on
how to handle technical novelties. Hence, whilst economic
incentives to do-it-yourself projects and inventing are higher in
some developing countries, the capability to modify could remain
less or at least formed differently.
Finally, in regards to generalization about technology, the
three technologies we examined provide some variation to consider this. Out of the trio examined in this paper, ASHPs are at the
extreme of their design speciﬁcation in the Finnish mid winter,
which could arguably explain some of the user inventiveness
therein. Pellet Burners featured the greatest proportion of user
modiﬁcation, and this could be argued to follow from their
earliest technology development phase out of the three. However,
users modiﬁed also GSHPs to suit their local particularities, even
though this technology is climate wise well adjusted to Finland
and also technologically relatively more mature by now. All the
above considered, we expect user invention in home heating
systems beyond these particular technologies, national boundaries, extreme markets or early technology development phases,
even as the most invented on technologies might vary from
location and industry lifecycle to another.
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