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Abstract: Experimentation is critical for the deployment of low-carbon technologies. New solutions
need to be selected and adapted to their contexts of use, and users need to learn new skills. Society as a
whole needs to create new modes of production, consumption and governance. We investigated how
local pilot projects, demonstrations and trials of low-carbon technologies promote learning in Finnish
society, where the government has made a commitment to a culture of experimentation. We drew on
a database of 100 pilot projects and experiments and 15 detailed case studies. We identified several
types of learning, beyond the formal evaluation of “what works where and when”: pilot projects
served to inspire, to create commitment and to develop networks. We also investigated how lessons
learned are transferred to other sites and into societal knowledge. We contribute by conceptualizing
different forms of learning and transfer—particularly situated and embodied forms—alongside more
techno-scientific ones. While highlighting this form of learning, we also note that it is not particularly
strong in acknowledging challenges faced in experimentation. We argue that there is scope for more
systematic evaluation, alongside more situated forms of learning and sharing. We also pinpoint
tensions between these two forms of learning that need to be addressed.

Keywords: low-carbon technologies; pilot projects; demonstrations; experiments; learning

1. Introduction

Ambitious climate targets will require the widespread adoption of cleaner energy sources and
more efficient energy use patterns and solutions. Before adoption on a large scale, however, low-carbon
solutions need to be tested and experimented [1–4]. Decision makers need to discover how technologies
work in real life conditions. Users and technology developers need to anticipate cost-effectiveness
and reliability. However, other kinds of lessons might also be drawn from demonstrations and pilot
projects. We can see what skills are needed to deploy the new technologies, what supportive systems
are lacking, what problems users encounter when using them, and what unanticipated consequences
new technologies may have [4]. However, it is still unclear what kinds of learning occur across a wide
range of low-carbon pilot projects and demonstrations at a given time, how purposively and relevantly
lessons learned are transferred across individual sites, and how pilot projects contribute to learning in
society at large.

Local learning through small-scale experimentation plays a recognized role in the process through
which new technologies are mainstreamed. For example, the current European demands for nearly
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zero-energy buildings would not likely be possible without the early experimentation which has
occurred since the 1980s–1990s with passive houses, for example by the Passive House Institute [5].
Similarly, several scholars have pointed to the important role of local learning, for example through
the 1000 Roofs and 100,000 Roofs Programmes, in the development of the legitimacy and necessary
technological capabilities for the German solar power rollout [6,7].

The notion of strategic experimentation for low-carbon transitions takes a more purposive and
society-wide approach to learning [8]. This line of thought builds, on the one hand, on the research
tradition of strategic niche management (SNM), where experiments in protected local niches serve
as means for variation, selection and retention in the evolutionary development trajectories of new
socio-technical innovations [1,9]. On the other hand, it draws on notions of experimental governance
and the idea of devolving the search for solutions to policy problems to local actors [10]. This line
of thought has gained traction in recent years among policy makers searching for radical renewal
of governance processes and acceleration of innovative capacity [11]. Among such governments is
the 2015 Cabinet of Finland, with a government programme which pledges to introduce a culture of
experimentation [12].

Our paper focuses on the role of experimentation by users of new low-carbon technologies and
related organizational solutions. Experimentation here refers to the acquisition of early experience in
field trials, pilot projects, demonstrations and experiments (in the following, referred to interchangeably
as pilot projects or local experiments). By low-carbon technologies and solutions, we refer to
combinations of technical and/or organizational means for the deployment and management of
low-energy solutions and renewable, intermittent energy in the built environment and transport.
By users, we refer to companies, public sector or non-profit organizations, and households involved in
the deployment of new technologies. By deployment, we refer to processes of combining and adapting
technologies, integrating them into existing structures, as well as processes of giving these technologies
meaning [13,14].

We investigate the role of pilot projects, demonstrations and publicly funded trials of low-carbon
solutions in learning and in the identification of potential “points of friction” between new technologies,
their intended users and wider society. Our research questions are:

(1) What types of learning can be identified in these low-carbon technology trials?
(2) To what extent are lessons about adoption, adaptation and use shared between individual pilots

and demonstrations or aggregated across several pilots and demonstrations?
(3) To what extent are experiences and lessons learned about difficulties in adoption, adaptation and

use documented, analysed, evaluated and used for improvements?

In the following section, we conceptualize the types of learning related to these highly diverse
goals and aims of local low-carbon experimentation. We then present our data and methods.
Subsequently, we investigate, illustrate and elaborate on different types of learning observed in
contemporary Finnish experimentation with cleaner energy sources and more energy efficient solutions.
Given that local experimentation can give rise to very different types of learning, we also explore
different ways in which such lessons are rendered mobile and useful for a broader group of users
beyond the immediate circle of participants. Our results also consider the types of lessons to be
derived concerning necessary and missing competences when deploying low-carbon technologies.
Our contribution is to develop an empirically and theoretically grounded framework of two major
categories of learning observed in the field, as well as to identify potential tensions between these two
categories that need to be resolved if both types of learning are to be promoted.

2. Conceptual Approaches to Learning in Pilot Projects and Demonstrations

Pilot projects, demonstrations, field trials and local experimentation with new technologies have
been said to serve several purposes. Drawing on Schot and Geels [1], Fevolden et al. [4], Berg et al. [8],
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Heiskanen et al. [3], Rose [15], Lovell [16], and Chini et al. [17], the following aims and purposes can
be identified:

• testing the technical, market and environmental feasibility of new solutions
• the development of feedback and technocratic knowledge of “what works where and why”
• the development of users’ and producers’ skills and capacities in using new technologies
• the development of new networks and communities supporting the new solutions
• reflective learning on what is desirable and acceptable
• the communication and promotion of particular solutions via “real-life stories”
• the inspiration of participants and policy makers
• the challenging of existing structures and practices
• the development of improved and more sustainable living environments and infrastructures

for participants

Correspondingly, there is no dominant theory of learning that covers all relevant learning
processes in local experimentation with low-carbon applications [4]. Two lines of research are
particularly pertinent to our research problem. The first line of research, that on strategic
experimentation, investigates the role of experiments in broader processes of social learning for
societal transitions, and it highlights the role of learning as the development of new cognitive rules
and the aggregation of lessons learned [9,18]. The second line of research highlights the importance
of tacit knowledge obtained through learning by using, doing and interacting, and has recently been
applied in particular to the deployment of distributed energy technologies [4,14]. This aspect of
learning has not been conceptualized very clearly in the otherwise vibrant literature on learning from
experimentation [19–21].

The perspective of strategic niche management highlights the learning that occurs in local niches
when new technologies are experimentally deployed in real-life settings [1]. Learning relates to the
development of technical solutions and capabilities, but also to the explorative development and joint
knowledge creation in relevant supply chains and value networks [3]. Learning is also needed to
adapt new technologies to existing regulations and infrastructures and to explore the societal and
environmental impacts of new technical solutions. New technologies also need to be adapted to
markets and user needs, and local niches offer opportunities for technology proponents to learn about
users and early markets [1]. Finally, in order to find a place in society, cultural meaning and identity
need to develop around new technologies, and niches offer a place for this kind of learning as well [12].

The notion of strategic experimentation has also been applied to the governance of low-carbon
technologies [11]. This perspective encapsulates the view of those undertaking local experimentation,
including non-scientists, as a new form of societal knowledge production, emphasizing a feedback
cycle of development, testing, evaluation and informing best practice management [16], or foresight,
experimentation and learning in the management of societal transitions [22,23]. Experiments in this
line of thought support learning about the possibilities and problems of new governance structures, or
new technologies from a governance perspective. The main aim of such experimentation is thus to
obtain information: an experiment is a failure only if it does not provide new information for broader
societal decision-making processes [24].

While recognizing the socio-political aspects of experimentation, the strategic experimentation
literature foregrounds the techno-scientific and cognitive dimensions of learning, for example
highlighting the need for aggregation of lessons learned in local experiments in order to support
the emerging niche trajectories [9,17]. In contrast, the perspective of learning by doing, using
and interacting (DUI) highlights the importance of tacit, embodied and local knowledge and skills
developed in interaction [4,25]. It draws on notions of learning elaborated on within situated learning
theory [26], which perceives of learning as emergent, involving opportunities to participate in the
practices of the community as well as the development of an identity which provides a sense of
belonging and commitment [27].
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From this perspective, learning can also entail the development of participants’ tacit and
embodied skills and confidence through participation, even if cognitive lessons remain unarticulated.
Participation in a pilot can also entail “experimentation with potential selves” [28], i.e., the development
of new identities and the reshaping of roles and professional profiles. In a similar vein, both the DUI
and situated learning perspectives highlight the importance of interaction [25] and networks of
practice [29]. Learning can thus pertain to the development of commitment and shared language
and practice within new networks, such as supply chains, value chains or communities of interest or
practice. In addition to formal aggregation, learning can also accrue locally via knowledge spillovers:
face-to-face transfer of tacit knowledge, buzz (i.e., spread of awareness via ad hoc discussions) and
pooled resources (e.g., shared contractors) [13,30]. This type of learning can pertain to embodied
skills or the coordination of work, but it can also pertain to a reshaping of personal and professional
orientations and valuations [31].

As a further point that stresses other than cognitive aspects of learning, Berg et al. [8] suggest
that field experiments can serve to disrupt existing practice by creating a temporary space where new
and different (rather than conventional) rules apply. This aspect of learning has been elaborated by
Polley and van de Ven [32] when discussing the types of discovery-oriented learning processes that
precede learning by trial-and-error. This type of learning as trail-blazing [32] refers to processes where
new paths are created, and sometimes displayed in dramatic ways in order to change judgement
criteria, i.e., introduce new values and feelings about the technology [33]. This category of learning
corresponds roughly to notions of demonstrations as “exemplification”, but also recognizes that such
exemplification can relate to broader institutional embedding of new solutions for societal change [4].

While the two streams of literature introduced above engage with similar topics, such as the
development of networks, they highlight different dimensions of learning. Table 1 summarizes the
conceptual framework we used to investigate learning in our case studies. Column 1 summarizes the
more cognitive and techno-scientific aspects of learning foregrounded by the strategic experimentation
literature, while column 2 summarizes types of learning highlighted when focusing on the situated,
tacit and affective dimensions.

Table 1. Conceptual categorization of types of learning.

Techno-Scientific, Cognitive Learning Situated Learning: New Identities and Practices

Testing functionality and market demand Enhancing skills and confidence—new identities
Improving solutions in context Reshaping roles and professional profiles
Transfer to other sites, systematic improvement Building new networks and communities
New form of societal knowledge production: What
works where, when, how and why (or why not)? Inspiration and trailblazing

3. Materials and Methods

We draw on a database of 100 Finnish demonstrations, pilot projects and field trials. We have
focused on four types of pilot project that are today visible in Finnish society and to which
significant public funding has also been devoted: (1) regional or urban pilot projects combining
several kinds of low-carbon technologies and practices, e.g., low-energy buildings, renewable energy,
progressive spatial planning and new services for residents in entire residential or industrial districts;
(2) demonstration buildings or installations: in these, new technologies such as nearly-zero energy
construction and heating, ventilation and air conditioning solutions are combined with technologies
like e.g., solar power and heat pumps in (new or renovated) residential or office buildings with
different forms of tenure; (3) experimentation with new business models (e.g., energy services) or new
organizational models for the purchasing, management or use of low-carbon technologies, such as
joint procurement of solar panels, crowdsourcing or crowdfunding; as well as (4) experimentation
with new transport systems, e.g., electric vehicles and their charging solutions, often combined with
novel service solutions such as mobility as a service.
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The database was collected on the basis of an internet search and a press release inviting relevant
pilots to get in touch. Moreover, we have used snowballing, asking our interviewees to identify other
relevant field experiments and pilot projects. The full list of cases in the database is presented in
Appendix A.

We zoom in to our research questions through 15 more detailed case studies (Table 2). The cases
were selected to include each category of pilot projects, with an emphasis on the diverse and complex
urban pilot projects, since they often include several aspects of the other categories as well (buildings
and installations, new business models, new organization models, transport pilots). Moreover, attempts
were made to select cases that were ambitious and involved a diversity of actors, as well as cases
from different parts of the country. A list of the case reports used as material for the present article is
presented in Appendix B.

Table 2. Case studies selected for closer analysis.

1. Regional/Urban Pilot Projects Summary of Context and Focus

Smart Kalasatama, Helsinki
New build urban living lab area in central Helsinki experimenting with smart city solutions,
including smart controls, solar, storage and digital applications. Intensive co-creation and rapid
prototyping of energy and transport solutions with start-ups, established companies and users.

Skaftkärr, Porvoo New build suburban residential area piloting energy spatial planning, support and incentives for
builders and developers, smart metering and controls and exploring solar thermal district heating.

Climate Street, Helsinki Promoting renewable energy and sustainable lifestyles and business in existing built
environments using rapid prototyping of energy and transport solutions.

ECO2 programme, Tampere Strategic programme to reach city carbon reduction targets via energy efficiency and renewable
energy pilot projects in both newly built and existing city districts.

Public procurement for smart energy,
Lappeenranta

Municipal efforts to use public purchasing (municipally-owned vehicles) as a leverage to promote
a local smart energy ecosystem, including a pilot power-to-gas facility.

HINKU carbon-neutral municipalities
Programme in which municipalities commit to reduce greenhouse gas emissions by 80% by 2030,
receiving tailored support from coordinators at the Finnish Environment Institute. Measures focus
mainly on existing built environment (energy efficiency, renewable energy sources).

2. Buildings and Installations

Adjutantti smart low-energy house Owner-occupied low-energy apartment building with solar power and smart building automation
and controls, electric vehicle (EV) charging, and shared EV for the first year.

Viikki Environment House Low-energy office building with solar and wind power, ground-source cooling and advanced
automation, smart EV charging and battery power storage.

Mestariasunnot care facility, Järvenpää Low-energy building (municipal care facility) with solar heat and power, including heat supplied
for neighbouring buildings.

3. New Business and Organization Models

Joint purchasing of solar panels
Series of a total of 14 joint purchases of solar panels organized at different sites, for households,
farmers and municipalities, aiming to reduce the cost and inconvenience of obtaining solar panels
by customers joining forces.

Farm Power Service by Oulun Energia Service to sell distributed renewable power directly from small producers to customers.

St1 Deep Heat Pilots project to drill deep geothermal well up to 7 km in order to supply 120 ◦C hot water to an
existing district heating network.

4. Transport Pilots

Crowdfunding for shared EVs New model for funding shared electric vehicles (Ekorent) via crowdfunding (Joukon Voima), thus
allowing customers to decide through their funding the location of pickup points for car.

Finnish Electric Mobility Group pilots Launching electric mobility in Finland (EVs, charging systems and related infrastructure and
services) as well as promoting and supporting the development of business.

Jyväskylä Bus Leap
Experiment to increase the share of public transport and to reduce emissions from private cars
through campaigns, a public transport experiment (6 months of free public transport for people
who give up their car) and smart commuting.

The case studies are based on at least three interviews with the main pilot manager and key
participants, but in most cases, on extensive interview data (up to 24 interviews) with funding bodies,
residents, local politicians and civil servants. Interviews were based on an interview guide focusing
on the aims of the pilot and perceptions of success and failure and lessons learned in the pilot,
as well as questions concerning documentation, evaluation and sharing of lessons. The interviews
were complemented with extensive document material (project reports, feasibility studies and media
coverage) as well as results from a compendium report by Motiva [34]. Additional data were collected
in two workshops for national-level officials and experts in charge of experimentation with new energy
solutions in Finland.
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Some of this work is still in progress: this paper outlines our preliminary findings and
conceptualizes them through the lenses of the local learning and strategic experimentation literature.
Through this, we aim to identify the types of learning visible in the cases as well as consider how the
local experiments contribute to societal learning.

4. Results

4.1. Overview of Learning Processes and Outcomes

In the following, we outline and illustrate different types of learning observed in the pilot projects,
starting with the more cognitive learning categories and then moving on to reflect on situated learning.
Table 3 indicates the types of learning observed in each case.

Testing functionality, market demand and user acceptance is one of the most widely observed
forms of learning among the case studies. It is one of the most obvious ways in which local
experimentation can contribute to learning, offering a contemporary alternative to a linear and much
slower model of product development [35] where solutions are refined before they are brought to
the market. This is one of the most fundamental types of learning highlighted in the strategic niche
management literature [1].

Beyond what can be found in previous case studies [1,20], we observed some interesting ways
to accelerate such learning and support the rapid introduction of low-carbon solutions into real-life
environments for testing and feedback. For example, the Smart Kalasatama living lab environment
in central Helsinki has pioneered a programme for “agile piloting”. This is a twice-yearly call for
3–5 concepts for more sustainable, digital solutions to be piloted for functionality and user feedback.
Ideas can derive from user communities or start-ups, but they need to be mature enough to be tested
within 6 months at a cost of €1000–8000 [36]. Examples of concepts tested include ride-sharing for
goods, smart charging of electric vehicles with solar power, a service enabling housing associations
to produce and share solar power, and the development of climate-smart practices and incentives
for residents. As these climate-related experiments are currently being tested, it is impossible to tell
their impacts as yet. Nevertheless, the concept of agile piloting initiated in Smart Kalasatama has
spread within the city of Helsinki to another experimental location, Climate Street. A project, Resource
Efficient Existing Buildings (Reeb), within the Programme for Agile Piloting in Climate Street tested
the functionality of software that could estimate how many building users were in the building in
real-time so that the owner could better follow up the energy consumption of the building and the
degree of its utilization [37]. The pilot project produced important information for the improvement of
the functionality of the software and it is further tested in other sites in Helsinki.

Improving solutions is another relatively obvious way to learn from pilot projects, and all our
case studies involved some measures to improve initial designs. However, such improvement is critical
when several smart energy technologies (even mature ones) are combined in a real-life environment.

One example of the effort required to improve technologies and make them work together
even in one site is the Adjutantti smart pilot building [38], which has attempted to combine smart
energy monitoring and control technologies in an advanced building automation system deployed
in a new-built owner-occupied multifamily house, including solar power and electric vehicle (EV)
charging, and initially also a shared EV. In this type of case, ownership and responsibility for the
building is transferred to residents, represented by a residents’ board. Since they are dealing with a
combination of technologies, it often takes several months or even years to get building systems to
work together with each other, and to find the right ways to manage and adapt the novel systems.
For example, the residents’ board, together with the companies Skanska and ABB who designed the
building, made significant efforts to make the heating system automation work as planned. While the
system has not been transferred as such to other sites, the learning processes in adjusting the system in
real-life conditions were important for the companies involved for subsequent system redesign.
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Table 3. Types of learning observed in each case.

Cases

Types of Learning Techno-Scientific, Cognitive Situated

Testing Functionality
and Market Demand

Improving Solutions
in Context

Transfer and
Improvement

Societal Knowledge
Production

Enhancing Skills,
Confidence, Identity Reshaping Roles New Networks and

Communities
Inspiration and

Trailblazing

Smart Kalasatama 3 3 3 (3) 3 3 3 3

Skaftkärr Porvoo 3 3 3 (3) 3 3 3

Climate Street 3 3 3 (3) 3

ECO2 programme 3 3 3 (3) 3 3 3 3

Public procurement for smart energy 3 3 3 3 3

HINKU carbon-neutral municipalities 3 3 3 3 3 3 3

Adjutantti smart low-energy house 3 3 (3) 3

Viikki Environment House 3 3 3 3 3

Mestariasunnot care facility 3 3 3 3 3

Joint purchasing of solar panels 3 3 3 3 3 3 3

Farm Power service by Oulun Energia 3 3 3 3 3

St1 Deep Heat 3 3 3 3

Crowdfunding for shared EVs 3 3 3 3 3

Finnish electric mobility group pilots 3 3 3 (3) 3 3 3 3

Jyväskylä Bus Leap 3 3 (3) 3 3 3

3 indicates that this type of learning was observed clearly; (3) indicates the type of learning was implicit.
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Transfer to other sites, systematic improvement and scaling up is a more advanced form of
learning, where lessons learned at one site are transferred to other sites, and potentially larger scales.
We observed some form of this kind of learning in most cases, though improvement and scaling up
were often sporadic. This is partly due to difficulties in funding subsequent pilot projects, often also
because funding bodies may lose interest after a novel concept has been tested once. Some concepts
might require more long-term support in order to develop into viable solutions. If the time-lag between
pilot projects becomes too long, conditions may change so much that the solutions originally tested
might not correspond to technically improved, new solutions available on the market. This was
observed in many of the urban pilots, where the time-lag from zoning plans and feasibility studies to
construction may take several years.

Solutions that require limited infrastructure appeared to be easier to transfer and scale up rapidly.
One example of systematic transfer, improvement and scaling is the case of joint purchasing of solar
panels. This is an initiative to bring together customers (consumers, farms, municipalities) to jointly
invite and evaluate tenders for solar panel systems in order to reduce costs, gain information support
and wield consumer power. Originally initiated by a private person, the Finnish Environment Institute
took up the idea and has multiplied and scaled it up. These initiators, as well as several municipalities,
have organised a total of 14 joint purchasing initiatives since 2012 [39,40]. Based on lessons learned
from previous initiatives, these have grown in scale and level of professionalism, and most recently
extended to other low-carbon technologies alongside solar panels.

Experimentation as societal knowledge production was a widely recognized aim and most of
the cases received public funding in one form or another. However, only part of our case studies
engaged in systematic documentation and evaluation, and even public funding bodies have quite
variable expectations concerning how and what should be documented and evaluated. We did observe
some systematic evaluations by or for individual cases: For example, the ECO2 project in Tampere
has conducted several evaluations of different parts of the programme (some of them quite critical)
and drawn some more general conclusions across the entire programme [41]. These evaluations have
given rise to an identification of problems to be solved locally (for example, lack of skills and care in
installing and combining new low-carbon solutions in buildings), but little of this information has
percolated to national-level debates on competence needs [42].

Moreover, we found limited evaluation across the case studies or across projects of similar types,
which would allow for investigating the relationship between solutions tested, contextual features
and outcomes [20,43]. This is partly because some of the local experiments featured in our database
are still ongoing. However, we did find one example of a funding body (The Housing Finance and
Development Centre of Finland, Ara) contracting a cross-pilot evaluation of 16 low-energy housing
pilots (including ones in our database) which rendered relevant observations and recommendations
concerning the most promising and important lines of further development [44].

We next turn to consider forms of situated learning. This type of learning deals with the creation
of new identities and practices rather than cognitive, explicit and techno-scientific forms of learning.

Enhancing skills and confidence and the creation of new identities is quite naturally present
in all kinds of experimentation—given that it delivers some form of successful outcomes. While a
failed experiment can be quite helpful for cognitive learning, it does not necessarily give participants
confidence and enhance their identities as practitioners of low-carbon technologies. Conversely,
cognitive learning can be quite scattered, but local experiments can still make a difference for
participants’ skills and confidence.

This was highlighted in the case of HINKU, a carbon-neutral municipalities’ programme currently
engaging 33 small and medium-sized municipalities. While there has been limited systematic
testing of any particular technologies or concepts across these municipalities, and evaluation of
the programme has focused on carbon reductions (with until now, limited analysis of why they
occur), the programme has been extremely successful in enhancing the skills of local participants
(municipalities, businesses and citizens). By producing small wins and inspiring success stories, it has
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also served to give participants confidence and enhance positive local identities. Interviews with local
politicians highlighted the importance of these small wins—before they became evident, commitment
was limited [3].

Another example of the creation of local skills and identities in the Bus Leap experiment. Since the
aim was to increase the share of public transport, the experiment served to raise the profile of public
transportation in Jyväskylä, which has been a relatively car-dependent town. The local transport
planners have adopted a new way of testing and experimenting with new services, such as free
transport for people with baby prams, or complementing existing route-based public transport with
personalized, on-demand services. Decisions about whether to start a new permanent service are
made on the basis of experimentation and development, rather than assumptions. Local planners thus
gained new skills and ways of working.

Skills and confidence were also developed in the case of the Finnish Electric Mobility pilot projects,
which aimed to accelerate the diffusion of electric transport and related business in Finland, New skills
and capabilities were created as a result of the interaction and collaboration between the relevant
partners by combining the expertise of several different companies. One example of this kind of
creative learning process was the design and deployment of a public EV charging system and related
services, as well as the creation of business lines for charging services [45].

Engagement with new, low-carbon concepts can also serve to reshape roles, which is likely to
be necessary for a broader shift toward a low-carbon society. For example, consumers might need to
become prosumers, and new ways of funding renewable energy investments might need to be found
(as highlighted, for example, by our EV crowdfunding case). However, the need to reshape roles might
also be more fine-grained.

One of the problematic role divisions observed in our cases was the division of labour between
different municipal administrations, which makes it difficult to integrate energy and climate issues
into decision-making at all levels. The development of the Porvoo Skaftkärr low-carbon district serves
as a good example of such reshaping of roles initiated by local experimentation. In Skaftkärr, the
planning of the low-carbon district served to initiate a new model of concurrent town planning, where
different administrations and utilities worked side by side from the start. Moreover, in this case, the
pilot also led to the integration of energy and climate concerns into building permitting and land
allocation policy. In this way, a large part of the municipal administration found their professional
roles fundamentally transformed.

Building new networks can be an important learning outcome of smart energy pilots, which can
also allow players which would not usually collaborate to find mutual interests in new collaborations.
For example, in Smart Kalasatama case, the project coordinator experimented with a so-called
“Innovators’ Club”, which adjourns four times a year to plan, follow and discuss the developments
in the smart city district. The Innovators’ Club brings together actors that otherwise might not come
together such as start-ups, incumbent companies, developers, city representatives, smart technology
providers, researchers and residents, that can also be user innovators and initiators of new service
concepts. These new constellations of networks are actively co-operating and even occasionally
changing the rules of the market and its balance. They are also expected to spread learning within
their networks.

Inspiration and trailblazing is a type of learning that is present—to a greater or lesser extent—in
all of the pilot projects. Municipal pilots served to disrupt existing modes of urban planning and
development, attract forerunner companies to the pilot sites, and in general to generate pride
and confidence in the capabilities of the city or town. New organization and business models
served to influence development lines within companies and civil society, and to provide credibility
to new solutions. Demonstration buildings are physical embodiments of combinations of new
technologies—such as the Viikki Environment House, which serves as an exemplar for nearly
zero-energy public buildings within Helsinki and beyond. However, serving as an example and
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inspiration requires a certain way of presenting and talking about pilot projects, where successful
outcomes often overshadow the efforts and difficulties in reaching them.

4.2. Sharing and Transfer of Lessons Learned

Sharing of lessons learned is critical for speeding up the process of societal knowledge
development [9]. It would take very long time for society to learn about low-carbon technologies if
everyone needed to “reinvent the wheel”. Among the fifteen case studies analysed, we found a large
diversity in the ways in which lessons were shared. One of the natural division lines is that between
experimentation by local governments (public projects aimed for learning in the public domain) and
individual buildings (private projects aimed to support in-house learning which is not so frequently
shared) [4].

Most of the literature on transfer of lessons has focused on formal and professional transfer of
techno-scientific knowledge [9]. However, our case studies revealed that the notion of situated learning
can also be extended to forms of lesson-sharing that are more informal and situated than formal
evaluations. Informal ways of sharing lessons draw on natural processes of knowledge spillover,
where people move about and discuss their experiences [30]. In our cases, lessons were often rendered
mobile though such personal, face-to-face means: ambassadors, study visits, demonstrations, meetings
and mobility of people between jobs. Table 4 indicates the prevalence of various forms of knowledge
transfer found in the cases.

Table 4. Forms of sharing and transfer of lessons observed in the cases.

Cases

Forms of Sharing Lessons Informal, Personal Semi-Formal Formal

Study
Visits

Forums
and

Meetings

Mobility
of People

Exemplary
Cases

Parallel Pilot
Projects in

Different Sites

Training from
Previous Pilot

Projects

Documentation,
Research

Dissemination

Smart Kalasatama 3 3 3 (3) 3 3

Skaftkärr Porvoo 3 3 3 3 3 3

Climate Street 3 (3) 3 3 3

ECO2 programme 3 3 3 3 3 (3) 3

Public procurement for smart energy 3 3 3 3

HINKU carbon-neutral
municipalities 3 3 3 3 3 3 3

Ajdutantti smart low-energy house 3 3

Viikki Environment House 3 3 3 3

Mestariasunnot care facility 3 3 3 3 3 3

Joint purchasing of solar panels 3 3 3 3 3 3

Farm Power service by Oulun
Energia 3

St1 Deep Heat 3 3

Crowdfunding for shared EVs 3

Finnish electric mobility group pilots 3 3 3 3 3 3 (3)

Jyväskylä Bus Leap 3 (3) 3 3 3

3 indicates that the form was observed clearly; (3) indicates the form was implicit.

HINKU is one of the projects that has involved intensive informal lessons-sharing [46], partly
due to the diverse and bottom-up nature of the project itself. Since the aim is to reduce greenhouse
gas emissions, most of the formal evaluation (conducted by the project coordinator, the Finnish
Environment Institute) has focused on greenhouse gas emission reductions, which has been quite
significant [47]. In HINKU, knowledge transfer was originally rather piecemeal, with Finnish
Environment Institute representatives transmitting best practice by travelling from one municipality
to another to convene diverse locals (civil servants, residents, local businesses). Later, a HINKU Forum
was established, where municipal civil servants and other local activists meet regularly to exchange
experiences. Additionally, a scheme called the “HINKU deed of the month” was established, where
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best practices were awarded and showcased in order to facilitate the transfer of ideas. Forum events
organized for participants, study visits, face-to-face meetings and site visits by the coordinators have
been important forms of disseminating and sharing lessons among the participating municipalities,
as have been the website, media coverage and regular awarding of best practices.

Dissemination of exemplary cases refers to the development of iconic cases and intensive media
publicity for the successes encountered. This type of dissemination is not necessarily based on formal
evaluation, though some level of documentation and e.g., calculation of achievements is necessary to
make an impression in public. Among our examples, the Skaftkärr case, where the small city of Porvoo
employed state-of-the art planning tools to plan a low-carbon new residential area was identified as
one of these iconic cases. Some commentators argued that it was not particularly outstanding in terms
of technical content (compared to some similar efforts by larger cities). However, other cities have
been encouraged to apply these planning principles due to the cost savings in urban infrastructure
that it renders. Our interviewees reported that politicians and planning authorities for several Finnish
municipalities have visited Skaftkärr. Representatives of Sitra and the City of Porvoo have presented
the project results at events for municipal decision-makers, and the project has been presented at
international conferences as a local success story. According to Vehviläinen et al. [13], the results of the
Skaftkärr project have been used and further developed, in several other towns in Finland and have
gained widespread attention elsewhere.

We also identified another semi-formal form of lesson-sharing by running trials in parallel in
different sites and training by participants from previous pilots. The Mestariasunnot nZEB elderly
care building, constructed by a local social housing company, was built in parallel with another similar
building (student housing Kuopas constructed by the City of Kuopio). Together, these two building
developers obtained expert support from a research institute, VTT, and from qualified suppliers, e.g.,
in building automation. Finances for covering the extra 15% needed for the zero-energy development
were gained from three public funding bodies: Tekes, Sitra and ARA, the Housing Finance and
Development Centre of Finland. Furthermore, some lessons were carried over from previous similar
development projects, for example, the maintenance staff from an older building demonstration site
came to train the staff of this building [48]. The practice of running parallel pilot projects in different
sites was also common in those of our cases that were (often only partly) part of a European research
or demonstration project, where similar measures were taken in several European cities or towns.

Not all cases were well documented or widely disseminated in a formal sense. However, for
example, one of the small experiments leading up to Bus Leap was evaluated along with several other
trials in Jyväskylä in a research report [49], which focused on environmental, social and economic
effects and the potential for scaling up, and one part of the trial has been extensively analysed in a
dissertation [50]. Some of the other urban/regional pilots have also been studied extensively, such
as HINKU [41,51–54], and others are the subject of ongoing research. The large variety is naturally
also based on the nature of the cases: pilot business models are not as widely covered as large
municipal projects.

4.3. Learning from Challenges: Identification of Missing Competences

A critical question for societal knowledge development is whether we learn from the challenges
encountered in local experimentation [11]. Our case studies delved into the challenges encountered
when conducting the pilot projects, and sought to identify the kinds of missing competences that
were identified in the course of the pilot project. This was something that few of the pilot projects
had systematically communicated during the course of the pilot project or in its documentation
or evaluation. However, such observations might be important, if we view the pilot projects as
representing “critical niches” [55], where the problems encountered serve to reveal ways in which
current competences and institutions are misaligned to the needs of a low-carbon society.

Table 5 shows the main categories and the prevalence of missing competences brought to light by
our case studies. These were competence gaps experienced as barrier to the implementation or scaling
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up of the pilot (at least initially), or issues where special efforts had been made to find or develop these
competences. For example, we have identified the competence as missing if external experts from
national research institutes were needed for a purpose in which they do not usually participate (e.g.,
assessment of heating systems for a building or residential area).

Evaluation of low-carbon technologies was often a problem, due to the lack of standardized
criteria, for example for comparing low-carbon decentralized heating and power production solutions
with existing centralized ones. However, problems of evaluation could be even more complex,
when decision makers need to compare prospective low-carbon solutions with each other and make
judgments on which system will be the future “winner”.

This was highlighted in the case of Public Procurement for Smart Energy, in which the City of
Lappeenranta attempts to develop a smart energy ecosystem by aligning its public procurement efforts
to create sufficient demand for a new, renewable, decentralized local energy system. A particular
problem in this case has been the choice between gas and electric vehicles. If all of the around 200
vehicles owned by the city were converted to gas, this would allow for the development of a local
combination of power-to-gas (electrolysis station) and a biogas plant. However, there are concerns that
electric vehicles might be the standard solution of the future, and thus concerns that an investment
in gas vehicles might be an investment in an obsolete technology. This example shows that issues of
evaluation can be quite complex.

Combination of low-carbon technologies in the built environment: Several of the cases focus
on combining diverse technologies (e.g., solar thermal systems, solar power, and heat pumps) and
integrating them in the built environment. This can be supported by urban planning, but is strongly
influenced by building design and ultimately, the installation and operation of building systems. This
was one of the most critical areas where missing competences were identified: even though designers
have ambitious ideas, these are often undermined by poor installation.

In the Tampere ECO2 project, several such problems were identified in an evaluation of a number
of nearly zero-energy buildings (nZEBs) designed for a housing fair as part of the project. These were
highly ambitious designs, but builders and installers paid very little attention to making sure systems
operated as planned [56]. In an extreme case, one of the ground-source heat pumps was not turned on
for a year.

Usability and system interfaces are a particular challenge for energy monitoring and control
systems (i.e., building automation), which are critical for demand response, i.e., the adjustment of
energy consumption according to the production of intermittent energy sources like wind and solar.
There are several technologies available for this, but in several of our cases, problems were identified
in the usability and system interfaces of such systems.

Particular attention has been paid to open system interfaces in the Smart Kalasatama project,
which aims to develop systems that are applicable in both new and retrofitted buildings. Moreover,
the aim has been to open up energy consumption data for a variety of start-ups and even user groups
to develop their own applications. This is still somewhat problematic since the smart automation
installed is based on wired systems (which could be prohibitively expensive to retrofit) and data are
proprietary to the energy company and users. Hence, the creation of convenient ways for users to
share their energy data is a key development task in the project. Since open digital interfaces for the
built environment are a topical R&D subject in Finland, real-world struggles to create open energy
data can offer valuable information for scaling up digital solutions.

Integration of new practices in mainstream business is an important aim of organizing
pilots and field trials of ambitious low-carbon solutions. However, as long as new solutions are
more expensive and require more care in deployment than existing ones, mainstream players like
construction companies are not keen to invest in them, particularly if they cannot shift the price of the
new solutions to consumers when selling apartments. Customers, on the other hand, place a priority
on location.
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Table 5. Missing competences identified in the cases.

Cases

Type of Competence Evaluation of
Low-Carbon
Technologies

Integrating Low-Carbon
Technologies in Built

Environment

Usability and System
Interfaces

Integrating New
Practices in

Mainstream Business

Integrating New
Practices in Public

Administration

Communications, Marketing
and Service Design

Smart Kalasatama 3 3 3
Skaftkärr Porvoo 3 3 3 3 3 3
Climate Street 3 3 3 3
ECO2 programme 3 3 3 3 3 3
Smart energy via public procument 3 3 3
HINKU carbon-neutral municipalities 3 3 3 3
Ajdutantti smart low-energy house 3 3 3
Viikki Environment House 3 3 3
Mestariasunnot care facility 3 3
Joint purchasing of solar panels 3 3 3
Farm Power service by Oulun Energia 3
St1 Deep Heat 3 3 3
Crowdfunding for shared EVs 3 3
Finnish electric mobility group pilots 3 3 3
Jyväskylä Bus Leap 3 3 3
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Three of our cases (Smart Kalasatama, ECO2 Tampere and Skaftkärr) include examples
where municipal officials have been somewhat frustrated by the difficulty of mainstreaming
beyond-compliance low-energy and renewable energy applications in buildings, despite innovative
urban planning and the availability of exemplary demonstration buildings. This observation suggests
that at some point, attention needs to shift from demonstrating solutions to aligning market players’
incentives to adopt those solutions across the board.

Integration of new practices in public administration is highlighted as a challenge in several
cases. The deployment of new technologies requires new competences in planning, permitting and
collaboration between different branches of the public administration. For example, projects could
be severely delayed by permitting processes where standard procedures are missing or fall between
administrative silos. Often, when combining technologies, several administrations need to collaborate,
which also requires new procedures. In general, the support of novelties requires new more flexible
ways of working and thinking within public administration, since there are no established ways of
dealing with innovation and experimentation within local administrative bodies. Lessons learning
in pilots and experiments can contribute, for example, to administrative reforms, such as Finland’s
efforts to develop more flexible regulation.

We found several cases where civil servants lacked established procedures to deal with new
technology. One example is a pilot by St1 Deep Heat to bore a 7-km-deep geothermal well in the
middle of a university campus, enabling the provision of 10% of the local district heat demand [57].
Since there were no precedents in Finland, there were no established permitting procedures for such
projects. Similarly, installation of battery storage in the Viikki Environment House was delayed due to
lack of fire safety standards for large batteries inside buildings.

Communications, marketing and service design required particular efforts in several cases.
They could pertain to engaging the public in the pilot, finding out about user needs, or packaging
low-carbon technologies into easily understandable and usable services.

We highlight here the case where other competences, such as evaluation of technologies, were
present, but this particular competence was relatively scarce. The Farm Power service launched by
Oulun Energia [58], an energy company in northern Finland, is an example of a new practice that
attempts to support distributed, small-scale electricity production by allowing customers to purchase
electricity from a particular provider (often a farm, using small-scale hydropower or micro-combined
heat and power production). In this case study, most of the technical issues were already solved by the
time the pilot study started, and the issue was to create a marketplace for locally produced, small-scale
renewable energy. While the electricity contracts offered by Oulun Energia are actually relatively
cost-effective for e.g., apartment building dwellers (since there is no basic charge, but only a charge per
kilowatt hour consumed), the marketing and communication of the concept has not been as successful
as expected. The case thus highlights a particular area in need of development. In a low-carbon and
more distributed energy system, energy companies are likely to turn more into service providers, and
hence their traditional technical competence needs to be complemented with additional competence in
marketing, customer care and service design.

5. Discussion and Conclusions

Our findings highlight that several kinds of learning, both cognitive and situated, occur in Finnish
low-carbon technology field trials. We found that aggregation of lessons learned in local experiments,
which Geels and Deuten [7] and Raven et al. [9] deem necessary in order to support the emerging
low-carbon technology trajectories, was rather limited and in most cases only pertained to particular
aspects (such as cost-effectiveness and carbon dioxide reductions). Cross-case aggregation of lessons
concerning other aspects deemed important in strategic experimentation such as issues of user and
market acceptance, adaptability to regulations and existing infrastructures, relevant supply chains and
societal impacts [1] occurred on an ad hoc basis.
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However, if we only focus on formal aggregation of lessons, our conclusions concerning learning
from local experimentation in Finland would be too pessimistic. We did find vibrant development
of participant capabilities through learning by doing, interacting and using [4,25]. This kind of
situated learning also includes and feeds into the development of embodied competence, commitment,
confidence and new identities [4].

The paucity of systematic transfer and aggregation of lessons learned through cross-case
evaluations might suggest that lessons are not shared or collected. Yet, our cases show that there is
significant informal and embodied sharing of lessons at study visits, events, meetings and through
the mobility of people. We also found some innovative ways in which developers shared lessons and
external expertise on an ongoing basis by running similar pilots in parallel. This is a good practice that
could be more systematically utilized. The HINKU forum meetings serve a similar function, where
participating municipalities meet to share best practices and discuss successes and problems, and they
have also provided inspiration for other networks, such as a network of Finland’s largest cities. Indeed,
formal evaluation cannot replace the tacit knowledge and inspiration shared in face-to-face meetings
and collaboration among ongoing projects—rather, it should complement it.

While these positive roles of experimentation are important, we would still argue that there is
scope for more systematic sharing and aggregation of lessons learned. The speed at which such lessons
diffuse can have significant impacts of how rapidly the costs of deployment of new technologies
decline [13]. We did not really find systematic formats or schemes for aggregating lessons concerning
problems and missing competences, which some of the national authorities attending our workshop
felt was a distinct gap in the national “culture of experimentation” [4].

Yet we also observed that there are potential tensions between cognitive and situated types of
learning. From the perspective of societal knowledge development, it can be highly illuminating to
learn “what does not work”, yet such observations are likely to undermine commitment, confidence
and the development of positive identities. Our examples of situated learning showed that local
experimentation is not only about the creation of new knowledge, it is also performative and political
through its creation of practical skills, participant identities, new roles, communities of practice and
positive narratives about the possibility of a transition toward a low-carbon society.

Given these conditions, evaluation of local sustainability experiments needs to be done with care
and sensitivity. On the one hand, local experimentation for low-carbon solutions requires evaluation,
if the results are to contribute to societal knowledge development. Yet “what works when and where”
might not be the main question local sustainability experiments aim to address. Other questions,
like distributed learning, inspiration and development of commitment and confidence might be
equally valuable. Experimentation also serves to disrupt established ways of doing things and inspire
companies and other actors to pursue innovative solutions.

Our observations are based on an analysis of current pilot studies in one country—a country which
is particularly enthusiastic about new technology and has recently officially introduced “a culture of
experimentation”. This might initially give rise to a more enthusiastic but fragmented experimentation
scene than in countries where experimentation has a clearer profile in policy development [24].
Moreover, our close analysis pertains to only 15 of the 100 cases, so a quantitative study of the
prevalence of different types of learning, transfer of lessons, and challenges encountered still remains
to be made.

However, our study provides and illustrates an analytical framework for further research on
learning from pilot studies and field trials. It remains a task for further research to discover whether
learning from pilot studies and field experimentation has a different profile in other countries, at other
times and in other contexts than energy-related low-carbon solutions. In particular, the role of situated,
local learning deserves more attention in other country contexts [59]. Moreover, we hope to challenge
and inspire further research aiming to better understand and perhaps ultimately manage the tensions
between cognitive and situated learning.
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Appendix A

Table A1. Cases in the Database of 100 Finnish Low-Carbon Technology Trials.

Local Government
Experimentation

Pilot Studies in the
Built Environment

Mobility Pilot Studies and
Field Trials

New Purchasing and
Business Models

Pilot Studies by
Traditional Companies

Smart Kalasatama Kempele Eco-village eBUS and Linkker Energy Radar of Sitra Sundom Smart Grid

Porvoo Skaftskärr
low-carbon district

St1’s geothermal heating
project HSL electric bus Crowdfunding of EVs

and renewable energy
Fingrid, Helen and

There: demand response

HINKU carbon-neutral
municipalities

Järvenpää
Mestaritorppa nZEB

Electric transport trials in
Tampere

Solar panel joint
purchasing Fortum: INTESEM

Jyväskylä, resource
smart experiments Kuopio Kuopas nZEB Turku and Föli electric bus Snowball

crowdsourcing Ruukki: Solar Roof

Turku Skanssi open
district heat network

Viikki environmental
house

Sustainable transport in Turku
(biogas)

Senaatti real estate
competitive bidding for

renewable energy

Woikoski: hydrogen
filling station

Jyväskylä Kangas,
Kytkin project

Adjutantti smart solar
apartment building

Optibio-biofuels in Helsinki
buses VTT SmartCityKey Oulu Energy:

“Farmivirta”

Lappeenranta Green
Campus Wasa Station MaaS Finland BioSampo Training and

Research Centre

Demand response for
district heat (Fortnum

and Leanheat)

Forssa industrial
symbiosis Vaasa Suvilahti Hämeenlinna MaaS/growth

area
Helen, Energy
Hackatholon

Virpa: (S Group demand
response)

Tampere Co-ZED
Härmälänranta

Helen Sakarinmäki
School MaaS trial Imatra PLEEC local energy

planning
Fortum: Charge and

Drive

Espoo Finnoo Pilots for solar business MaaS trial Seinäjoki Lappeenranta solar
town plan Gasum: Biogas

Tampere Vuores SenCity smart lighting
pilot network MaaS trial Ylläs Competitive bidding for

offshore wind
Granlund rapid
experimentation

Eco-suburb Tampere Hämeenpuisto
21 Transport laboratory Sykli, EENavi energy

renovation training

Helen: Suvilahti solar
power station and

battery

Riihimäki Peltosaari House 2020 EVE projects
Public procurement for

smart energy,
Lappeenranta

Fortum: Home Display

Pitkäniemi heat pump
system ABC, Citymarket Liikennevirta, EV charging

stations
Tampere, Vuores PV

purchasing
Helen: indirect load

control

Kolmenkulma
Eco-Industrial Park AthLEDics project Support for electric vehicles

(TEM)
Jyväskylä, LED

purchasing
Lappeenranta Energy
local energy service

RESCA Oulu pilot area
for renewable energy

Solar power in housing
co-operatives Experimental Finland Salo LED lighting as a

service Wärtsilä: fuel cells

Östersundom Smart and
Clean, Helsinki BuildUp Skills Autonomous vehicle trials nZEB-project

capabilities, Tampere Oulu energy: solar pilot

Sybimar industrial
symbiosis Villa Isover Hyvinkää EkoRent Jyväskylä Energy

low-carbon house

Oulu Hiukkavaara
Arctic Smart City

Teemu Varpainen, smart
solar house Green Riders Lammais energy: SUN

solar service

Mikkeli Satamalahti
digital city

YIT Elderly home
Onnelanpolku

Joint transport system
Helsinki-Tallinn

Fortum/Helen: solar
packages

Lappeenranta Green
Campus PiggyBaggy distribution service

HSL environmental bonus
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Appendix B : Case Reports Presenting Detailed Empirical Research Results and More Detailed
References for Each Case (All Reports, Apart from 15, in Finnish) Used as Material for the Present
Article. All Drafts Will Be Published in the Aalto University Working Papers Series by
September 2017

1. Matschoss, K.; Korhonen, K. WP4 Case: Fiksu Kalasatama (Smart Kalasatama). Aalto University
Working Papers. 2016, CROSSOVER 13/2016.

2. Heiskanen, E. WP4 Case: Porvoon Skaftkärr (Skaftkärr, Porvoo) Aalto University Working Papers.
2017, CROSSOVER 5/2017.

3. Korhonen, K.; Matschoss, K. WP4 Case: Helsingin Ilmastokatu (Climate Street), in press.
4. Heiskanen, E. Tampereen ECO2 ja kestävän yhdyskunnan pilotit (Tampere ECO2 programme and

sustainable community pilots), in press.
5. Heiskanen, E. Lappeenrannan kaupunki uusien energiaratkaisujen edistäjänä (Public procurement

for smart energy, Lappeenranta). Draft.
6. Heiskanen, E.; Jalas, M.; Rinkinen, J.; Tainio, P. The local community as a “low-carbon lab”:

Promises and perils. Environ. Innov. Soc. Transit. 2015, 14, 149–164. (reference for HINKU Carbon
Neutral municipalities case)

7. Huomo, T. WP4 Case: Mäkkylän Adjutanttitalo Espoossa (Adjutantti Smart Low-Energy House)
Aalto University Working Papers. 2016, CROSSOVER 9/2016.

8. Korhonen, K. Viikin ympäristötalo ja sähkövarasto (Viikki Environmental House), in press.
9. Heiskanen, E.; Nissilä, H.; Lovio, R. Demonstration buildings as protected spaces for clean energy

solutions–the case of solar building integration in Finland. J. Clean. Prod. 2015, 109, 347–356.
(reference for Mestariasunnot care facility case)

10. Seppälä, A. WP4 Case: Välke-hankeen aurinkosähköjärjestelmien yhteishankinta (Joint purchasing
of solar panels), in press.

11. Kallio, L. WP4 Case: Oulun Energian Farmivirta-palvelu (Farm Power service by Oulun Energia).
Aalto University Working Papers. 2017, CROSSOVER 1/2017.

12. Norberg, J.; Rask, M. WP4 Case St1 Deep Heat, in press.
13. Erkkilä, H.-K. WP4 Case: Joukon Voiman ja Ekorentin joukkorahoituskampanja (Crowdfunding

for shared EVs). Aalto University Working Papers. 2016, CROSSOVER 12/2016.
14. Hyvönen, K. Pääkaupunkiseudun sähköisen liikenteen kokeilut (Finnish electric mobility group

pilots). Draft.
15. Laakso, S. Bussiloikka, Jyväskylä (Jyväskylä Bus Leap), in press.
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