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Introduction

The escalating global energy crisis triggered by Russia’s invasion in Ukraine
(International Energy Agency, 2023) started an important debate regarding the
need to accelerate the elimination of fossil fuels, which are a significant share of
the heating sector. The need for energy transformation concerns large and small
companies as well as residential consumers. In the presentmonograph I focus on
the latter group of consumers, as they consume a third of total energy (Reuter et
al. , 2021). It contributes significantly to the impact on air quality, generating
environmental, economic and social consequences.

The decision made by household residents to change a fossil fuel-based
heating system for a renewable energy-based system is determined by several
factors, primarily those of economic and technical nature. Barriers to accessing
renewable energy sources include economic barriers such as the high cost of
installation, the uncertainty of recovering the costs over the lifetime of the in-
stallation, the lack of adequate subsidy programmes, as well as technical limi-
tations that include the construction constraints of existing buildings, techno-
logical sophistication of the installations requiring support of specialists, or
concerns about the operation of the installation, its failure rate. However, edu-
cational factors should be taken into account as an integral part of the decision-
making process, as the decision to invest in a renewable energy installation also
depends on the potential users’ level of knowledge about the energy technology,
its advantages and consequences of its use (Hampton & Eckermann, 2013).

Research indicates that a significant percentage of renewable energy in-
stallations are used by consumers with high level of education, particularly those
who by their professions are linked with the energy sector (Shakeel & Rajala,
2020). Awareness of the benefits of the implementation of renewable energy
solutions can be a catalyst for positive change in this area. Therefore, the policy
should cover educational aspects – focusing on efficiency, effectiveness and
forms of learning, including social learning, as it is an important part of pro-
moting local decarbonisation. More attention should therefore be paid to these
issues.



The necessity of examining the influence of social learning on the adoption of
renewable energy systems in greater depth has already been recognized, high-
lighting the importance of social interaction and educational behavioural in-
terventions in this process (Gillingham & Bollinger, 2021). However, many
studies are fragmented, focusing on individual components of social learning.
Viewing social learning as an interdisciplinary, dynamic, multi-level and com-
plex process is imperative for achieving environmental sustainability. This per-
spective not only integrates the latest research on the subject but also generates
novel approaches, particularly from the domain of modelling social phenomena,
including the under-recognised educational dimension. Furthermore, a sig-
nificant proportion of the research is tailored to the American market, consid-
ering the unique cultural, mental, and institutional contexts that apply to it. By
presenting to readers, I aim to provide a more comprehensive understanding of
social learning in the green transition process. This includes not only the edu-
cational and social aspects but also on the dimension related to themathematical
modelling of this phenomenon.

The importance of this scientific initiative stems from two considerations.
Firstly, the monograph can serve as a bridge between the disparate fields of
engineering sciences, natural sciences and social sciences, which are inextricably
linked in the context of energy transition. Over the years, I have worked at the
intersection of these fields -as a mathematician by training, as an environmental
engineer and as an educator. The experience I have gained in the environments
associated with these disciplines shows that representatives from each field read
and interpret given situations differently and have varying expectations of sci-
entific publications. I have repeatedly encountered situations where repre-
sentatives from engineering and natural sciences report difficulties in under-
standing scientific articles published in the social sciences. Conversely, re-
searchers in the social sciences often struggle to comprehend publications from
the sciences. These difficulties arise from the distinct conventions for writing
scientific articles that vary across disciplines due to their unique characteristics.
Despite these differences, it is essential for these diverse scientific communities to
collaborate on initiatives for a green transformation. This monograph, aims to
address the needs of various scientific groups interested in the energy transition
by presenting the process of social learning within this context.

I ask for the reader’s forbearance here, as the effort to address the needs of
specific groups of recipients may result in some simplification of the issues
discussed. My goal is to present these topics in a manner that is accessible to
individuals who work in different disciplines on a daily basis.

Secondly, the energy market has recently experienced a rapid geopolitical
transformation, altering the public’s perception of energy security issues. Con-
sequently, this monograph aims to facilitate an understanding of the complex
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and nuanced social phenomena, particularly social learning, that should be
considered when implementing local energy transition policies aimed at de-
carbonisation.

The energy transition presented here is driven by the proliferation of modern,
increasingly advanced technologies. Therefore, this study is based on diffusion of
innovation theory (DOI, Rogers, 1983). This theoretical framework integrates the
intersecting disciplines of education, sociology, environment, economics and
energy forming the basis for further mathematical modelling using a system
dynamics approach. The increasing adoption of solar-based solutions can be
explained by the principles of the diffusion of innovation theory. This theory
suggests that individuals aremore likely to adopt innovative solutions when their
friends and family also use them, generating interest and acceptance of the
solution (Li et al. , 2023). Consequently, the learning process spreads alongside
the socio-ecological transformation.

By applying the theory of diffusion of innovations as its research framework,
this study aims to determine how social learning can facilitate adoption of re-
newable energy solutions by individual households residents (Research Goal 1).
At the same time, this study also aims to show how social learning can restrict the
use of renewable energy solutions by individual households residents (Research
Goal 2). A systems dynamics modelling approach (Sterman, 2001) used in the
study enables a deeper understanding of the interactions between different types
of social learning accompanying introduction of renewable energy solutions in
individual households.

This monograph introduces readers to the concept of applying social learning
theory in the field of energy policy. It may interest not only for those seeking
integrated knowledge on the subject intending to introduce new or update ex-
isting social policies, but also researchers exploring the issue from educational,
sociological, energy or mathematical modelling perspectives.

The first chapter of the book focuses on presenting the theoretical framework
used in the research. Chapter one introduces the basics of Albert Bandura’s social
learning theory, outlining its definitional aspects and conceptual assumptions.
The theory was originally developed to explain children’s knowledge acquisition
processes. However, it has also been widely applied in adult education. The
second chapter of the monograph introduces a typology of peer effects drawn
from the categorisation proposed by Weihua An (2011). The subsequent chapter
explains the mechanisms underlying the formation of peer effects. Examples
provided in both chapters illustrate the process of adopting solutions to bolster
the green energy transition. The final chapter introduces modelling and ana-
lytical approaches to peer effects in the area of energy transition, with a primary
focus on European examples given the research context of this monograph. This
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is because it is part of a research project aimed at gradually phasing out of
individual fossil fuel boilers in Poland.

This monograph aims to emphasise the importance of social learning in
promoting green change. It is widely recognized that even the most innovative
solutions cannot succeed unless accepted by the public. Therefore, considering
social factors, especially multi-level learning, is essential in planning for genuine
social change, ensuring initiatives do not result in superficial transformations.
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Chapter 1.
Social Learning Theory

The chapter presented here starts with the topic of adult learning, as the decision
to adopt a specific household energy system is typically made by adults. Lifelong
learning is a resilient, dynamic and dominant theme across the field of pedagogy
particularly within the European perspective and, also in Poland. Within adult
learning, there are continual changes in both theoretical positions and practices.
What sets it apart is the high expectations that many organisations, entities, and
individuals have of it, promoting lifelong learning at various levels. The corporate
sector is actively promoting the lifelong learning development, resulting in its
rapid expansion. Given the breadth of this topic, the introduction to lifelong
learning presented in this chapter does not cover it comprehensively but focuses
on what I consider to be the most crucial aspects.

Lifelong learning,much like other concepts in the field of education, is defined
in various ways. It can be narrowly defined as “development after formal edu-
cation: the continuing development of knowledge and skills that people expe-
rience after formal education and throughout their lives” (London, 2011, p. 4). It
can also be considered much more broadly, as “all purposeful learning activity
undertaken on an ongoing basis with the aim of improving knowledge, skills and
competence” (Commission of the European Communities, 2000, p. 3). Lifelong
learning is increasingly viewed as a commercial product, attracting interest from
the business sector where adults are seen as potential customers. As a result the
educational offer is tailored to various categories of adults, including working
professionals, seniors, and those engaged in civic, professional, and cultural
education, promoting a pro-social agenda. Notably, the field is vibrant with the
development of significant theories and viewpoints (Belzer & Dashew, 2023).

Lifelong adults education serves as a realm for constructing theories and
perspectives on education and learning. The emergence of significant theoretical
positions is attributed to the adult education’s departure from traditional,
school-based child and adolescent education while still drawing from its foun-
dational heritage. It formulates theories specifically tailored to adults and es-
tablishes its own unique theoretical frameworks (Clark, 2021). Andragogues aim



to develop these theories to encompass the comprehensive growth of adult in-
dividuals in life education, civic education, cultural education and the en-
hancement of quality of life and well-being. As such, these evolving theories of
learning are inherently broad, addressing a wide range of issues and applicable
across various fields (Jarvis, 2004; Murtonen & Lehtinen, 2020).

The current generation faces challenges from changing legislation, economic
shifts, and evolving lifestyles driven by changes in the education market, the
labour market, technological advancements, and increasing environmental
concerns. Therefore, new theories of adult learning are emerging that in-
corporate these elements, often emphasising the component of change. Various
perspectives can be discussed to understand adult learning. Learning can be
understood in several ways. Firstly, as an effect it refers to the end result of
learning, essentially the knowledge acquired. Secondly, as a process it involves
individual mental operations and specific activities that lead to planned or un-
planned outcomes. Lastly, learning can be understood as a change that occurs
within a person based on their own actions or interactions with the social en-
vironment, including where they live and work (Fenwick & Tennant, 2020).

Numerous theories have been developed to explain human behaviour, many
of which aim to represent the process of learning. Researchers (Montrey &
Shultz, 2020) emphasise the evolution of social learning from perceiving and
imitating others to focusing on the outcomes of knowledge or specific skills. This
evolution also includes the social experience of the process over time, its mod-
elling and transmission, and the construction of social reality. The con-
ceptualisation of the multiple social contexts of learning underpins many an-
dragogical theoretical approaches. However, as Ewa Kurantowicz emphasises
“whichever social learning option we choose, its precondition is always the direct
or indirect presence of others” (Kurantowicz, 2012, pp. 13–14).

Albert Bandura’s Social Learning Theory

The origins of this approach lie in classical social learning theory introduced by
Canadian-American psychologist Albert Bandura (1977), which presents society,
the relationships within it as crucial learning environments. Bandura’s research
was embedded in social-cognitive psychology. According to social learning
theory, the acquisition of knowledge and new skills, whether intentional or in-
cidental, can be based on observing others and then imitating or adopting their
behaviour. The process of modelling learning occurs primarily through the in-
formational function. When observing actions taking place, spectators mainly
acquire symbolic representations of these actions, which they then use as guides.
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In Bandura’s conceptualisation, presented in Figure 1, four processes govern
observational learning (Bandura, 1977).

The initial factor guiding social learning pertains to attention, which facilitates
the precise comprehension of noteworthy aspects of the behaviour being mod-
elled. Therefore, the first step in the emerging social learning process is to
identify occurring motif. Among the significant determinants of attention, A.
Bandura distinguishes modelling stimuli, or associational patterns. The faster
assimilation of a given behaviouralmodel is possible if it is regularly linkedwith a
particular trigger. Another factor that enhances the ability to attract attention is
the prevalence or unique character of the assimilated behaviour, setting it apart
from others. Emotions are another factor that supports attention. We focus
attention more easily on behaviours that have a higher emotional charge. Ad-
ditionally, the characteristics of the behaviours being observed such as relevance
and complexity, also influence the rate and extent of observational learning. The
observer’s various individual characteristics significantly influence their level of
attention. Factors such as sensory capacities, level of arousal during observation,
perceptual set, and past reinforcement experiences are among such factors
(Bandura, 2021).

The next stage of social learning concerns thememorization process, where an
individual retains what they have observed. This mechanism for storing in-
formation comprises three distinct phases, each with varying durations and
encoding methods. The first phase involves the sensory register. The sensory
register functions as a filter by selecting and retaining only important in-
formation that arrives within a short timeframe for further processing. Each
sense (hearing, sight, touch, smell, taste) has a separate sensory register, re-
cording and storing different stimuli. The next phase involves the working
memory, which stores and manipulates information, overseeing and coordi-
nating the memorization process. After the sensory register receives certain
stimuli, the working memory processes the information by integrating pre-
viously acquired knowledge with continuously incoming sensory data. Working
memory serves as the primary component of the humanmental structure, acting
as the mediator and connector between the other two stages of memory, namely
sensory and long-termmemory. The system comprises the following subsystems:
the central executive, the phonological loop, the visuospatial sketchpad, and the
episodic buffer (Baddeley et al. , 2017).

The third stage of the social learning process occurs when an individual
replicates an action they have observed and remembered previously. It is un-
common for an individual to perfectly recall something they have previously
observed and remembered on their first attempt. Numerous hindrances to this
process encompass both individual predispositions and personal traits, and
physical capabilities. Secondly, the individual’s current skill set plays a decisive
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role, based on the accumulated component responses. A broad approach in-
creases one’s probability of properly acquiring a new skill or retaining new
knowledge. Conversely, if the requirements for acquiring particularly intricate
abilities or knowledge are insufficient, it becomes necessary to enhance them
through additional initial repetition, preferably with the support of informative
feedback (Bandura, 2021).

The fourth stage of the social learning process is driven bymotivational forces,
where the consequences of acquired behaviours determine whether they will be
repeated or discontinued. In the end, individuals do not incorporate the be-
haviours or knowledge they have acquired into their daily routine automatically.
They are inclined to employ what they have learned if it yields benefits or sat-
isfaction, however, they will refrain from using gained knowledge and skills that
are detrimental or uncomfortable to them. People prefer behaviours with ex-
pected positive outcomes are preferred over consequences they wish to avoid.
Due to the numerous factors influencing learning through observation or in-
teraction with others, not all models are imitated, even if they appear highly
effective (Bandura, 2021).

Following Bandura’s social learning theory, it is hypothesised that how people
mentally construct their experiences is crucial. The effectiveness of this learning
model is enhanced by associated factors such as incentive motivation, capacity
for forethought, outcome expectations (Bandura, 1999). People observe how
others behave in a given situation, but they also assess their own competence to
behave similarly in a similar setting and apply the adopted model to analogous
circumstances. Thus, analysing observed conditions and relating them to one’s
own experience increases the probability of imitation and expands the range of
situations in which a particular reaction is applicable. Observing others’ efforts
produce a desired outcome can increase the expectation that similar benefits will
be achieved by putting in comparable effort. The effectiveness of incentives
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depends on assessments of having comparable competencies; thus utilising a
corresponding behavioural model will be rewarded with similar benefits. Sim-
ilarly, observing actions that result in punishment may prompt one to avoid
emulating them in future (Bandura, 1999).

Another human characteristic relevant to social learning is the capacity for
forethought the foreseeable future events, likely consequences of actions taken.
This ability permits the formulation of strategies that can achieve intended
outcomes while circumventing adverse effects. This also involves implementing
and utilising actions that can lead to anticipated, specific outcomes. Individuals
not only from observing the successes and failures of their peers but also from
their personal experiences. People tend to adopt behaviours perceived as suc-
cessful while avoiding those that have led to failure. Nonetheless, modelled be-
haviour is not a product of expected outcomes, but of perceived similarities.
Individuals anticipate achieving similar, expected outcomes because they pos-
sess comparable predispositions towards it (Bandura, 1999).

Social Learning Theory Concepts

The classical concept of social learning theory, which relies on observing and
imitating others, has evolved over time, leading to numerous developments. As a
result, its parameters have broadened to encompass various aspects of human
interaction and interpersonal relations, not just those focusing on cognitive
processes. An analysis of selected existing models reveals various concepts of
social learning, which are briefly presented in Table 1.

Table 1. Conceptual models of social learning. Author’s own elaboration

Resource Concept Main premise

(Bandura, 1977) Observational
learning

– The significant functions of vicarious,
symbolic, and self-regulatory processes
in psychological functioning;

– Recognition that human thought, emo-
tions, and behaviour may be sig-
nificantly shaped by observation as well
as by direct experience, promoting the
establishment of observational para-
digms for investigating the impact of
socially mediated experience;

– Central role assigned to self-regulation
processes.

Social Learning Theory Concepts 15



Table 1 (Continued)

Resource Concept Main premise

(Wenger, 2000) Communities of
Practice

– Social learning in terms of personal ex-
perience and social competences;

– Participation through three modes of
belonging: Engagement, Imagination,
Alignment.

(Tippett et al. , 2005) Active participation Key factors supporting social learning:
– providing sufficient time,
– involving stakeholders early and
– careful attention to process manage-

ment.

(Collins & Ison,
2009)

Social Learning for
Adaptation

– Learning understood as active doing
rather than mere participation;

– Learning in a collective form.

(Reed et al. , 2010) Learning through
social interaction

Social learning involves:
– demonstrating that individuals have

undergone a shift in their under-
standing;

– embedding this change within larger
social units or communities of practice;

– occurring through social interactions
and processes between actors within a
given social network.

(Kristjanson et al. ,
2014)

Gathering evidence
on the impact of so-
cial learning

Six-step process:
– Taking stock;
– Assessing options;
– Getting it right;
– Gathering evidence;
– Analysing the evidence;
– Dissemination.

According to educational theorist Etienne Wenger, social learning is “an inter-
play between social competence and personal experience. It is a dynamic, two-
way relationship between people and the social learning system in which they
participate. It combines personal transformation with the evolution of social
structures” (Wenger, 2000, p. 227). Wenger distances himself from Bandura’s
theory by placing human experience – rooted in biological, linguistic, cultural
and historical development – at the centre. According to the presented approach,
the model’s foundation is social participation, predicated on three distinct forms
of belonging: engagement, imagination, and alignment. Engagement involves
joint participation, how people engage in common activities and shape shared
experiences. Imagination encompasses developing a sense of self, community,
and a comprehensive understanding of the world, which is essential for in-
dividuals to make informed decisions and navigate various situations; this in-
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volves exploring available options and determining one’s place in a given context.
Alignment ensures that one’s actions are compatible with other processes to
achieve effectiveness beyond one’s personal involvement.

On the other hand, Joanne Tippett and her team note that engaging in a
participatory process, aimed at informed decision-making, particularly pro-
environmental, does not guarantee the automatic occurrence of social learning.
They highlight numerous obstacles to successful learning. “Traditional institu-
tional structures and cultures unfavourable to participatory processes can make
it difficult to gain sufficient resources and support for an ongoing process of
interaction with stakeholders. Hierarchical decision-making processes can im-
pede interaction and communication between different sectors and levels of
scale. A technocratic culture, in which experts are not familiar with talking to
different stakeholders in terms that they can relate to, can impede constructive
communication with different stakeholders” (Tippett et al. , 2005, p. 297).
Therefore, effective community engagement to enhance social capital neces-
sitates precise coordination of the process, grounded in understanding the in-
terconnections within the social surroundings and implementing tailored pro-
cedures for management (see Figure 2).
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Figure 2. Conceptual framework for social learning according J. Tippett, B. Searle, C. Pahl-Wostl
and Y. Rees, (Tippett et al. , 2005)
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Kevin Collins and Ray Ison acknowledged the necessity to revise views of social
learning owing to the requirement for adaptation, which is comprehended as a
co-evolutionary course triggered by climate change. They propose a social
learning concept (see Figure 3) in which information, consultation, and partic-
ipation may be necessary but insufficient to enhance complex situations.
Therefore, advocate analysing it from a systems thinking perspective. The au-
thors define social learning as:
– “The convergence of goals (more usefully expressed as agreement about
purpose), criteria and knowledge leading to awareness of mutual expectations
and the building of relational capital (a dynamic form of capital that integrates
the other forms, viz artificial, natural, social and human).

– The process of co-creation of knowledge, which provides insight into the
causes of, and the means required to transform, a situation. Social learning is
thus an integral part of the make-up of concerted action.

– The change of behaviours and actions resulting from understanding some-
thing through action (‘knowing’) and leading to concerted action.

– Arising from these, social learning is thus an emergent property of the process
to transform a situation” (Collins & Ison, 2009, pp. 364–365).

In turn, Mark S. Reed and his team have proposed a concept based on their
research into the circumstances surrounding social learning and the associated
processes. They note that social learning occurs when certain conditions aremet,
specifically the process must: “(1) Demonstrate that a change in understanding
has taken place in the individuals involved. This may be at a surface level, e. g. , via
recall of new information, or deeper levels, e. g. , demonstrated by change in
attitudes, world views or epistemological beliefs; (2) Go beyond the individual to
become situated within wider social units or communities of practice within
society; and (3) Occur through social interactions and processes between actors

ConsultationInformation Participation Social
Learning

Figure 3. A conceptual framework of social learning according K. Collins and R. Ison, (Collins&
Ison, 2009, p. 369)
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within a social network, either through direct interaction, e. g. , conversation, or
through other media, e. g. , mass media, telephone, or Web 2.0 applications”
(Reed et al. , 2010).

In turn, Patti Kristjanson and her team, presented a concept based on a set of
practical tools and guidelines to effectively utilise the social learning process in
relation to available knowledge, information and implementation and mon-
itoring tools. The process involves six successive steps, as presented in Figure 4.
As a starting point, collecting foundational details allows for understanding of
the transformation procedure and assessing whether social learning is a suitable
strategy for the activity. In a second stage, feasible alternatives and solutions are
identified in collaboration with the research users who will implement them. In
step three, fieldworkers provide feedback to evaluate the effectiveness of the
techniques employed. In the fourth stage, evidence is gathered to confirm the
occurring changes, which are then analysed and interpreted by the concerned
personnel to devise fresh actions and solutions. In the final crucial phase, the
research data is stored and subsequently distributed for broader accessibility.

In addition to the natural trend of Bandura’s social learning theory being
developed by theoretical researchers, it is just as readily applied to explain
phenomena occurring in a variety of fields. It has therefore also naturally at-
tracted the attention of researchers investigating the adaptation of renewable
energy-based solutions. Eva Heiskanen and her team examined the extent to
which educational interventions that entail visits to residents’ homes facilitated
local decarbonisation efforts. Based on their qualitative study, the authors argue
that the ‘energy walks’ can serve as a means of social learning through imitation,
and identification, as proposed by A. Bandura. Additionally, they can enhance
the capacity of community members to explore, analyse, and negotiate the
challenges of green transformation (Heiskanen et al. , 2017).

Based on a case study, Victoria Pellicer-Sifres and her co-authors (2018) in-
vestigated the internal and external factors that prompt social learning on en-
ergy-related matters within Som Energia, Spain’s first renewable energy coop-
erative. The authors examined two levels of learning: first-order instrumental
learning (the acquisition of knowledge) and second-order critical learning (the
analysis, interpretation, evaluation and synthesis of information). They also
explored how micropolitical and macropolitical factors act as triggers and
shaping forces of social learning. The establishment of the energy cooperative has
facilitated local residents in acquiring expertise on energy system legislation and
market regulations (first-order learning), as well as enabling them to formulate
collaborative approaches for local decarbonisation (second-order learning)
(Pellicer-Sifres et al. , 2018).

The adoption of solar-based solutions has attracted the interest of scholars
worldwide. Based on a quantitative survey of 2,065 Canadian residents, Parkins et
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al. (2018) identified determinants influencing inclinations toward solar panel
adoption, including age, gender, level of energy-related involvement, exposure to
solar technology, marketing efforts, and educative initiatives, among others.
Local policies aimed at increasing public engagement and the visibility of solar
technology in communities can be more effectively planned with the support of
social learning theory. Diyi Liu et al. (2023) reported from a quantitative study
that active social communication on Photovoltaics (PV) installations is more
effective than mere observation alone. The adoption rate of a solar thermal
system is more likely to increase when influenced by social factors such as the
impact of neighbours, family, and friends. Similarly, recommendations from
local authorities prove more effective than passive methods such as leaflets.
Additionally, the impact of social learning surpasses that of government policy
(Liu et al. , 2023).

Figure 4. An evaluative framework of social learning impacts according P. Kristjanson, B. Harvey,
M. Van Epp and P. K. Thornton, (Kristjanson et al. , 2014, p. 7)
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Chapter 2.
Peer Effects

Each individual is part of multiple communities including family, neighbour-
hood, city residents, school community, co-workers, parish members, sports
teams, political organisations, friends and colleagues, as well as more temporary
groups like seminar or tourist trip participants, each of which can exert varying
degrees of influence on their behaviour. Additionally, individuals can influence
the behaviour of others, thereby altering the conditions or environment in which
they operate. Technological development and globalisation have increased the
influence of people who do not need to be known directly. For example, being a
member of social media groups dedicated to common hobbies, interests, or
political views is a clear illustration. The pandemic experience has demonstrated
how quickly physical isolation can be mitigated by a network facilitated by
technological advancements. Humans, as social beings, are naturally subject to
social interactions within various social networks, whether desired or not. In the
theory of diffusion of innovations, which will be discussed in detail in the next
chapter, peer groups are referred to as a social system, defined as “a set of
interrelated units that are engaged in joint problem-solving to accomplish a
common goal. The members or units of a social system may be individuals,
informal groups, organisations, and/or subsystems. A system has structure,
defined as the patterned arrangements of the units in a system, which gives
stability and regularity to individual behaviour in a system. The social and
communication structure of a system facilitates or impedes the diffusion of
innovations in the system” (Rogers, 1983, pp. 24, 37).

The typology of peer effects (Figure 5) presented below is based on the cate-
gorisation proposed by Weihua An (2011).



Endogenous and Exogenous Peer Effects

Peer effects refer to situations inwhich behaviours, attitudes, decisions shape and
are shaped by interactions within a peer group. This term extends beyond the
social sciences and encompasses a variety of complex situations. Endogenous
peer effects arise from mutual interactions and influences among individuals
within a social network. In contrast to exogenous peer effects, which stem from
external factors such as neighbourhood characteristics or random assignment to
a group, endogenous peer effects emerge from the dynamics of relationships and
ongoing social interactions. These effects may manifest in various forms, in-
cluding social contagion, social reinforcement, social comparisons, and social
learning, wherein individuals adjust their behaviours or attitudes in response to
observed behaviours or perceived norms within their social environment.

The identification and empirical measurement of peer effects can be meth-
odologically challenging due to the complex interdependencies among individ-
uals in social networks and potential confounding factors. The presence of a peer
effect is not obvious and often equates to a correlation between individual peer
behaviours. Charles F. Manski observes that comparable group behaviour is
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Figure 5. The typology of peer effects. Author’s own elaboration based on Weihua An (2011)
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encouraged under certain circumstances, making it difficult to clearly identify
peer effects:

“(a) endogenous effects, wherein the propensity of an individual to behave in some way
varies with the behaviour of the group;
(b) exogenous (contextual) effects, wherein the propensity of an individual to behave in
some way varies with the exogenous characteristics of the group, and
(c) correlated effects, wherein individuals in the same group tend to behave similarly
because they have similar individual characteristics or face similar institutional envi-
ronments” (Manski, 1993, pp. 532–533).

Endogenous peer effects operate through an intricate interplay of cognitive,
emotional, and social processes that shape individuals’ perceptions, motivations,
and decision-making. Social identity theory (Tajfel & Turner, 1979) posits that
individuals derive a sense of identity and belonging from membership in social
groups, leading them to conform to group norms and behaviours to maintain
cohesion and social acceptance. Social comparison theory (Festinger, 1954)
suggests that individuals evaluate their own abilities, attitudes, and behaviours in
relation to peers, thereby influencing their self-perception and behaviour ac-
cordingly. Additionally, social learning mechanisms such as imitation, emu-
lation, and observational learning enable individuals to acquire new skills,
knowledge, and behaviours from their peers, thereby facilitating the diffusion of
innovations and cultural practices within social networks.

In the context of energy transformation, these types can be illustrated through
the following examples. Endogenous effects, as defined by C.F. Mansky, occur
when an individual’s behaviour changes specifically due to the incidence of
similar behaviour among the peer group to which that individual belongs. This
refers to the direct influence on an individual of the behaviour or decisionsmade
by other groupmembers. Consider an educational intervention aimed at selected
residents of an apartment block to increase their knowledge of how to save
electricity. As a result of this intervention, the average monthly energy con-
sumption of the apartment block decreases. Consequently, in the following
month, the possibility of reducing energy consumption (based on overall average
statements) became apparent. As a result, other residents began to adopt similar
behaviours, indirectly influencing the entire community. Conversely, excessive
energy consumption by a select group can increase in the average consumption
for the entire block, which may reduce the willingness of other residents to save
energy. However, the presence of a correlation between the behavioural change of
people from both groups – those who participated in the educational inter-
vention and those who did not – does not necessarily indicate that the behav-
ioural change is the result of peer effects. To diagnose the presence of endogenous
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peer effects, researchers should understand from the outset how individuals form
their reference groups.

Toshi H. Arimura, Hajime Katayama, and Mari Sakudo (2016) conducted a
study on the impact of social norms among close friends on energy conservation
practices, exploring endogenous effects. The authors utilised data from a
household survey conducted in Japan for this study. Positive endogenous social
effects were found in both summer (0.185) and winter (0.556), but they were not
statistically significant. Therefore, the authors claim there is insufficient evidence
there is insufficient evidence that people are influenced by their peers in their
decision to save energy, the authors claim. However, the results may have been
affected by the survey instruments used in this study, which assessed social
norms through self-report. In fact, energy-saving behaviour may not be readily
observable by acquaintances. Therefore, individuals’ self-reported perceptions of
their friends’ home temperature preferences may reflect not only their friends’
actual behaviour but also their own expectations of how people should behave.
The authors suggest that omitted variables, which influence both an individual’s
behaviour and others’ perceptions of their behaviour, may actually be respon-
sible for the endogenous social effects identified (Arimura et al. , 2016).

Exogenous effects occur when an individual’s behaviour depends on the
characteristics of the peer group, i. e. the reference context. Different frames of
reference can be induced by external factors such as social norms, cultural in-
fluences, or institutional policies, which in turn influence the behaviour and
outcomes of individuals within peer groups. In contrast to endogenous peer
effects, which arise from interactions within the peer group itself, exogenous peer
effects stem from external factors relative to the immediate social context but still
impact individuals within that context. Social norms play a significant role as
individuals often conform to social expectations and standards within their peer
groups. Cultural influences, including values, beliefs, and traditions, shape in-
dividuals’ attitudes and behaviours through socialisation processes. Addition-
ally, institutional policies such as educational reforms or initiatives addressing
pollution control and environmental protection can influence peer groups by
shaping the broader social environment in which individuals interact. Similarly,
economic policies that affect income distribution, access to resources, subsidies,
or grants for technological innovations, can shape peer effects in terms of eco-
nomic behaviours and outcomes. Social policies aimed at reducing inequalities
or addressing social challenges such as discrimination or poverty, including
energy poverty, can also impact peer groups by altering the social environment in
which individuals interact (Primc & Slabe-Erker, 2020).

It is crucial to exclude subjective evaluations in assessing the presence of
exogenous effects, unless they are clearly marked as such. It is important to note
that these effects are not the result of peer influence but rather the result of the
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specific conditions in which individuals find themselves. For instance, if a group
of individuals reside in a housing estate constructed by the same developer using
a similar building design, the residents may be less likely to install photovoltaic
panels if the building design makes it challenging to do so. Conversely, if a
building’s design is well-suited for the installation of photovoltaic panels, resi-
dents may be more inclined to install them compared to residents in other areas.
Thus, although there are strong correlations between the observed behaviours,
they are not necessarily the result of a peer effect. When examining a case, it is
important to consider other factors that may influence the observed correlations
and be the actual cause of their occurrence. Identifying and disentangling
exogenous effects from endogenous ones can pose a methodological challenge,
requiring advanced research designs and data analysis techniques that account
for the complexity of social interactions and the diverse contexts in which they
occur.

A third type of circumstance that makes it difficult to observe the occurrence
of a peer effect, as pointed out by C.F. Mansky, are correlated effects, which result
from the similarity within the peer group itself. The selection of a residential
location by a specific group of peoplemay be influenced by certain features of the
area, such as a suburban neighbourhood with abundant greenery, which attracts
individuals with a similar appreciation for nature. Consequently, environmental
concern is a direct outcome of the characteristics of these individuals, rather than
a peer effect among a community residing in the same locality.

Research on peer effects among Xiamen University students regarding the
adoption of environmentally friendly behaviours related to energy conservation,
focusing on endogenous, exogenous, and correlated effects, was conducted by
Boqiang Lin and Huanyu Jia (2023). In their conducted research, the authors
tested the hypothesis that peer incentives constitute an environment for mutual
learning among students facilitating the development of an ecologically sus-
tainable lifestyle. They demonstrated that peers’ green behaviours have a positive
impact on the energy-saving behaviours of individual students. Specifically, with
an increase in energy-saving behaviours among peers by one standard deviation,
similar behaviours of the respondents improved by 0.132 standard deviations.
This finding provides valuable insight, particularly for individuals planning to
implement actions or educational campaigns. The authors also argue that in-
dividuals in different classes, with varying levels of depression, environmental
concerns, and peer composition, are subject to different levels of peer influence,
exogenous effects (Lin & Jia, 2023).
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Active and Passive Peer Effects

Another type of peer effects are those that engage individuals’ attention to
varying degrees and conditions. According to Weihua An (2011, p. 515), “active
peer effects come from connections that a person can explicitly recognize while
passive peer effects come from peers that a subject does not have an explicit tie
with. Friends’ effects are examples of the former. Transmission of infectious
diseases or market competition can serve as examples of the latter”. Active peer
effects, according to this definition, arise from conscious actions and may thus e
demonstrate the ability to induce motivation. Within peer environments, in-
dividuals often feel more motivated to act because they see their peers also
making efforts towards achieving their goals. For instance, participation in
health-promoting activities may stimulate motivation to take additional actions
to combat pollution in one’s living area, driven by the desire to achieve common
objectives.

Active peer effects also foster mutual support. When people with similar
interests or goals come together, they can share knowledge, experiences, and
strategies which increases the likelihood of making difficult decisions. For ex-
ample, through involvement in regular community meetings, residents may
collectively decide to invest in a local micro-power plant and mutually motivate
each other to reduce the building’ energy consumption. Active peer effects can
thus support pro-social activities and enhance engagement. When individuals
collaborate on common projects or social initiatives, they can achieve sig-
nificantly more than they would independently.

Tyler J. VanderWeele and Weihua An (2012) extend this framing by defining
passive peer effects as those that occur naturally and active peer effects as those
that are additionally supported by persuasive actions. The authors explore the
question of “whether to train or incentivize the change agents to actively advocate
for the proposed diffusion (namely, to utilize active peer effects). For example, in
a smoking prevention program, would training of the treated subjects and pro-
vidingmonetary incentives for them to actively advocate their peers not to smoke
make the interventionmore effective? This consideration is consequential for the
selection of central subjects. For example, to accelerate active peer effects using
training, it may be that indegree (the number of received ties) is the more im-
portant characteristics, while if the purpose is to accelerate passive peer effects
(namely, to utilize peer effects in their natural state, without training or extra
incentives), outdegree (the number of outgoing ties) may be more important”
(VanderWeele & An, 2013, pp. 359–360).

Passive peer effects refer to the subtle influence individuals exert on their
environment through their behaviour, attitudes, and personality. These effects
arise from daily interactions within peer groups. Even without direct interaction
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or manipulation, individuals can influence others through their presence, de-
meanour, or actions.

Varun Rai and Scott A Robinson later defined active and passive peer effects
concerning the adoption of energy technologies, with peers identified as
neighbours living within a five to ten block area. According to them “Passive peer
effects refer solely to the attitudinal and behavioral stimulus that seeing PV
systems in the neighborhood induces. It excludes the effect of contact with other
PV owners” (Rai & Robinson, 2013, p. 3), while active peer effects refer to “in-
fluence that accrues through peer-to-peer communication through contact with
neighbors” (Rai & Robinson, 2013, p. 7). The authors demonstrate that passive
peer effects occur when individuals observe PV installation of their neighbours.
This process builds trust in PV technology and increases the motivation to install
it on one’s own property. Active peer effects, on the other hand, operate through
direct, interpersonal contacts between neighbours, resulting in a 4.6-month re-
duction in the adoption time of a given technological solution. In contrast, when
both passive and active peer effects are absent, there is an increase in adoption
time by 6.67 months (Rai & Robinson, 2013).

Research by Alvar Palm (2017) suggests that active peer effects play a more
significant role than passive effects. However, the authors of the qualitative re-
search note that this finding may be influenced by the high awareness of the
respondents, who already possessed substantial knowledge about PV systems
before observing their neighbours’ installations. Additionally, it is important to
consider that the research methodology used might have influenced the study’s
findings. The interviews conducted relied on the subjective opinions of the
participants, potentially emphasising active peer effects more than passive ef-
fects. Passive effects may indeed play a significant role, as exposure to views of
operational photovoltaic systems could prompt attempts at direct contact with
their owners, potentially reducing adoption time for new technologies. The
adoption of renewable energy sources by neighbours can be seen as a positive
example. However, receiving feedback in a face-to-face conversation that a
neighbour is satisfied with such technology is more likely to encourage others to
make a similar choice. This effect could be particularly pronounced for tech-
nology solutions requiring substantial financial investment (Palm, 2017).

Research also indicates that the decision to adopt photovoltaics is influenced
by peer perception. According to survey research conducted by Fabiana Scheller,
Sören Graupner, James Edwards, Jann Weinand, and Thomas Bruckner, adop-
tion decisions occur more quickly when peers who have installed a photovoltaic
system are perceived as credible individuals. In such scenarios, efforts to initiate
peer interactions regarding photovoltaic systems are also more frequent. The
authors also suggest that as the size of the decision-maker’s peer group grows,
and as the decision-making process regarding the adoption of technological
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innovation progresses, the perceived credibility of peers as a source of recom-
mendation for photovoltaic systems also increases. Furthermore, decision-
makers often make critical decisions regarding energy issues without realising
that they have been influenced by peers or stakeholders. Thus, at various stages of
crucial decision-making, individuals may be influenced to varying degrees by
others without necessarily being aware of it (Scheller et al. , 2022).

Positive and Negative / Desirable and Undesirable Peer Effects

Another type of peer effect focuses on its direction. According to Daniel Noll,
Colleen Dawes and Varun Rai, “positive peer effects in the context of PV can be
understood to influence a consumer decision by providing information that
(a) demonstrates the relative advantages of solar, (b) proves the compatibility of
solar with a consumer’s existing beliefs and habits, (c) reduces perceptions of
solar technology’s complexity, and (d) shows the results of the trials of other
installations. Positive peer effects for PV can also increase the likelihood of
adoption and decrease the length of decision time” (Noll et al. , 2014, p. 3).
Building on this definition of peer effects in renewable energy technology, neg-
ative or undesirable peer effects occur when social interactions diminish the
likelihood of adopting technological solutions that promote energy system
transformation, prolong the decision-making time for such solutions, or result in
dysfunctional outcomes.

Research on positive and negative peer effects was conducted by Daniel A.
Brent, Joseph H. Cook and Allison Lassiter (2022). They focused on programmes
in the United States aimed at increasing the adoption of green stormwater in-
frastructure to capture rainwater. One such program was the voluntary RainWise
programme, which provided grants for rain gardens and water harvesting cis-
terns. The authors highlight the presence of positive peer effects among residents
in neighbourhoods where more individuals had installed rainwater harvesting
devices. These individuals, as part of the program’s requirements, also displayed
posters provided by the utility company (Brent et al. , 2022). Bryan Bollinger and
Kenneth Gillingham (2012) also highlight the role of positive neighbourhood
peer effects in green transformation through the placement of demonstration
plaques. Conversely, the negative peer effects observed by the authors of the
aforementioned study involved a group of residents of more expensive houses
who were required to use private green stormwater infrastructure. These in-
stallations were reported less functional and attractive compared to RainWise
(Brent et al. , 2022). Eric O’Shaughnessy and co-authors (O’Shaughnessy et al. ,
2020; Cook et al. , 2021) observe that sharing negative experiences of using an
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environmental installation, as well as about the installation process itself, can
lead to negative peer effects or at least counteract positive peer effects.

Contemporaneous and Lagged Peer Effects

Another type of peer effects are those that focus on the temporal aspect of their
impact. Situations where we can observe the effect of a social interaction im-
mediately are referred to as contemporaneous peer effects. An example of this
would be the abandonment of using plastic bags for group shopping in response
to the behaviour of fellow shoppers who use reusable cloth bags. Another ex-
ample could be employees demonstrating increased commitment when working
with more capable colleagues (Kato & Shu, 2009) or showing greater willingness
to collaborate with another branch when their teammates do so (Aschhoff &
Grimpe, 2014).

Tat Y. Chan, Jia Li and Lamar Pierce (2014a) analysed workplace interactions
to investigate how peer-based learning can enhance salesperson skills. The study
focused on contemporaneous peer effects by comparing worker productivity. It
considered the selection of coworkers, including stars of the week and less skilled
workers, in relation to shift assignment policies. They proposed a new approach
to estimate this learning effect by considering the accumulation of con-
temporaneous peer effect as ‘human capital’ that will influence future sales.
According to the authors’ research, workingwith high-skill peers has a significant
impact on the long-term productivity growth of new salespeople (Chan et al. ,
2014a).

Situations where the effects of social interactions are observed with a delay are
term lagged peer effects. These effects highlight the longitudinal nature of social
influence, where the impact of peer interactions may not be immediately ap-
parent but can manifest themselves over long term. Examples include avoiding
plastic bags for shopping in response to a school educational campaign, adopting
new technologies in agriculture as a result of previous decisions by farmers in the
same village (Larson et al. , 2016), or delaying the installation of photovoltaic
systems based on guidance from previous users (O’Shaughnessy et al. , 2023). The
lag period’s length is not defined from a top-down approach; rather, it is defined
individually by researchers based on the study’s methodology and context. For
instance,Michael D. Frakes andMelissa F.Wasserman (2018) adopted a two-year
period to examine the effect of peer influence on patent office examiners’ award
decisions, whereas Tom Fangyun Tan and Serguei Netessine (2019) used a one-
week period to study how peer influence affects restaurant associates’ sales
performance.
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Group and Individual Peer Effects

Peer effects can be based on individual social connections between two people,
known as dyads (Moreland, 2010), or on interactions within a group. Individual
peer effects refer to the influence that individual members of a peer group have
on each other. We can talk about situations where peers such as spouses, friends,
or close colleagues -for example a director and their assistant or a chairman and
their advisor – can influence each other. Evenwhen these individuals are part of a
larger peer group, individual effects pertain to situations where the behavioural
changes or decisions made as a result of the social interaction taking place are
independent of the behaviour or decisions of other community members
(Rogers, 1983) – for example, the decision to install a rainwater recovery system
made by the owner of an individual detached single-family house.

Group peer effects, on the other hand, occur when behavioural change or
decision-making happens in relation to a group of individuals and is often based
not only on interaction among groupmembers but also on their cooperation. It is
not uncommon for similar behaviour or decisions made to require adaptation to
the behaviour or decisions of the group. In social groups, peer effects can be
observed in various situations, such as educational attainment within a class, in
decision-making by a group of experts providing a joint opinion, or among
colleagues working the same shift, as mentioned earlier.

The differentiation between individual and group effects is significant not
only due to the type of interactions involved but also because individuals may
exhibit varying behaviours in diverse social situations. When accompanied by a
friend, individuals may discard a leaflet found on their windscreen onto the
pavement. However, when in the company of superiors from work, they are less
likely to. Instead, they are more inclined to throw the leaflet into a bin or keep it
in the car. Jianxing Wu and colleagues conducted research on the behaviour of
tourists in three distinct social contexts: interactions with family, friends, and
strangers. The results of their study indicate that individuals who behave in an
environmentally friendly way in the presence of parents or spouses may alter
their behaviour in the company of acquaintances or strangers, potentially fol-
lowing others in engaging in environmentally unfriendly actions, such as leaving
litter in the forest (Wu et al. , 2023).

Shruti Gupta and Denise T. Ogden (2009) conducted a study to investigate
consumer attitudes towards environmentally friendly products or services within
the context of peer effects. The study aimed to determine the reasons why con-
sumers choose to purchase or refrain from purchasing such products or services
based on their attitudes towards the environment. The authors propose that the
choice to purchase environmentally friendly products is influenced by the
identification with a reference group, such as green consumers or celebrities.
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This leads to a greater tendency to act for the collective benefit of the group rather
than individual benefit. Green buyers were more likely than non-green buyers to
make cooperative decisions when purchasing environmentally friendly products
expecting other consumers to behave similarly. They were therefore more co-
operative than consumers who identified themselves to be non-ecological (Gupta
& Ogden, 2009).

Unidirectional and Bidirectional Peer Effects

“Unidirectional peer effects occur when peer effects flowonly one way, from one
subject to another, but not the other way around. Bidirectional peer effects
happen that peers influence each other and the peer effects flow reciprocally”
(An, 2011, p. 515). Unidirectional peer effects can stem from various mecha-
nisms, an individual’s stronger personality, knowledge, or social position within
the group. Individuals with enhanced communication or leadership skills may
exert greater influence on their peers, shaping their attitudes and behaviours.
Additionally, individuals with higher social prestige or knowledge may be more
credible and persuasive to their peers, enabling them to exert stronger influence.
When considering the adoption of a particular energy system, research often
focuses on unidirectional peer effects which involve examining situations where
the owner of the system influences the decisions of potential users.

Thus, for example, Chen Qing and his team studied the influence of relatives
and friends on biogas adoption decisions in 540 rural households in China. The
peer groups were categorised into two subgroups: those who visited the house-
hold during Chinese New Year, which were classified as representing strong ties
with the household member under study, and relatives and friends who did not
visit the household during Chinese New Year, which were classified as repre-
senting weak ties with the household member under study. Qing et al. (2022)
identified three main findings from their study. Firstly, they observed that the
decision of rural households to adopt biogas is significantly influenced by the
adoption of biogas by their relatives and friends. Secondly, it appears that the
decision to adopt biogas on farms was more influenced by relatives and friends
who have strong ties to the surveyed households, compared to peers who have
weak ties. Furthermore, a stronger peer effect was observed among farmers with
lower levels of education and thosewho are farther away from themarket (Qing et
al. , 2022).
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Symmetric and Asymmetric Peer Effects

When exploring bilateral peer effects, it is also worth comparing the size of the
effects that occur in each direction. A symmetrical effect occurs when a person’s
influence on a peer is of the same magnitude as the peer’s influence on that
person. Conversely, the magnitudes of the individual effects are different, the
effect is considered asymmetric.

Tat Y. Chan and colleagues (2014b) conducted an analysis to examine the
potentially asymmetric nature of peer effects among employees with different
skills working in the same teams within a team-based compensation system. The
system is designed to support employees’ motivation to help each other while
also encouraging competition. According to a study conducted among cosmetics
salespeople in a department store, it was found that employees with higher
abilities have a more significant impact on increasing sales productivity com-
pared to employees with lower abilities have on decreasing sales productivity.

While there may be different perspectives on peer effects, it is widely ac-
knowledged that they play a significant role in influencing decisions to adopt
energy transition measures. In contemporary society, it can be challenging to
escape the influence of factors such as family, friends, media, and sophisticated
marketing strategies that encourage exploring new opportunities to enhance the
quality of life and well-being of individuals and communities. Therefore, in the
following chapter, I will delve into the mechanisms that contribute to the for-
mation of peer effects.
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Chapter 3.
Mechanisms of Peer Effects Formation:
Communication Channels

Green transformation is a process leading to “transition to a climate-neutral,
sustainable, non-toxic, resource-efficient, renewable energy-based, resilient and
competitive circular economy in a just, equitable and inclusive way, and to
protect, restore and improve the state of the environment” (European Union,
2022, p. C 243/35). This transformation involves adjusting attitudes, preferences,
behaviours, and values towards environmental quality, making it a complex and
multidimensional process. It spans from simple actions like using reusable bags
when shopping, to more deliberate decisions such as adopting renewable energy
sources in households, and extends to highly complex endeavours involving
industry, corporations or the implementation of national and international
policies. As this monograph aims to explore how social learning can either fa-
cilitate or hinder the adoption of renewable energy solutions among individual
households, this chapter will focus on understanding how peer effects constitute
a crucial factor influencing the energy transition process.

These mechanisms will be analysed through the lens of diffusion of in-
novations theory, for the decision to adopt or install a renewable energy system
exemplifies such a process – specifically the process of adoption of a techno-
logical innovation.

Diffusion of Innovation Theory

The theory of diffusion of innovations (DoI) was popularised by Everett M.
Rogers, an American sociologist who first presented it in his 1962 book, “Dif-
fusion of Innovations”. Rogers aimed to address how to accelerate the gradual
process of adoption and adaptation of new ideas by society. Rogers distinguishes
four key elements of the diffusion of innovation (or technology or technological
innovation, terms Roger uses interchangeably), shown in Figure 6:
1. The first component is innovation, which may be defined as an idea that is

perceived by an individual as novel or new.



2. The second component is the transfer of innovation between individuals.
Diffusion is defined as the process whereby an innovation disseminates from
one person to another.

3. The third component is the social system within which the innovation is
disseminated. In this conceptualisation, a social system is understood as a
population of individuals whose functional differentiation enables collective
problem-solving processes. A diffusion study may analyse a social system
comprising all farmers in a given area, all doctors in the local community, or
members of an indigenous tribe.

4. The final component is the period during which the innovation is adopted by
individuals within the social system. Adoptionmay be defined as a decision to
utilise a particular innovation to the fullest extent possible. The adoption of an
innovation does not occur simultaneously among all individuals. In-
novativeness may be defined as ameasure of the extent to which an individual
is more likely than their social group to adopt new ideas at an early stage
(Rogers, 1962, pp. 1–2).

Each of the four key elements of innovation diffusion has specific characteristics.
Thus, the first key element – innovation, is characterised by five attributes. The
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Figure 6. Diffusion is the process bywhich (1) an innovation (2) is communicated through certain
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first attribute is ‘Relative advantage’, which describes the degree to which a new
technology is perceived to be better than the technology already in use. There is
no predefined unit for this measure, as it can be interpreted differently by dif-
ferent users. It may refer to a solution that is more favourable in terms of factors
such as economy, convenience, or satisfaction.

The second characteristic of innovation is ‘Compatibility’, which determines
how well the new technology meets the current needs, expectations, or values of
potential users. If compatibility is high, the innovation is more likely to be
adopted; otherwise, the probability is lower or more uncertain. Using the ex-
ample cited earlier, if the construction of a residential building requires no
additional work and the location’s climate provides ample available solar energy,
the building owner can be more easily and quickly encouraged to install pho-
tovoltaic panels.

According to Rogers, ‘Complexity’ is the third attribute of innovation, refer-
ring to the level of difficulty that potential users perceive or understand about a
technology. If people perceive a technology as complex to install and operate, the
time required for its acceptance will be longer compared to technologies that are
perceived as easier to understand and use.

The fourth attribute of an innovation is ‘Trialability’, which refers to the
possibility of testing it over time. According to a questionnaire study conducted
by Nirmal M. Menon and I. Sujatha (2020) among solar panel users from
Thrissur, India, those who had the opportunity to attend pre-purchase events
demonstrating the actual operation of the systemmade purchase decisions more
quickly than those who did not attend such events (Menon & Sujatha, 2021).

Finally, the fifth attribute of an innovation is ‘Observability’, which refers to
the degree of visibility of the innovation. The ability to observe a technological
innovation, its performance and its effects more frequently increases the like-
lihood of adoption of that innovation (Rogers, 1983, pp. 15–16). Factors such as
relative advantage, compatibility, complexity, trialability and observability in-
fluence the rate and extent of adoption, shaping the diffusion curve over time.

The following sections of this chapter will detail the communication channels
that constitute the second key element of the innovation diffusion process. These
channels serve as examples of mechanisms for creating peer effects.

According to DoI theory, the decision-making process for adopting an in-
novation takes place over time and consists of five steps (Figure 7). The initial
stage involves acquiring ‘Knowledge’ about innovation. This can be intentional,
such as attending a training course, or unintentional, such as having a casual
conversation with a fellow passenger on a train. Information is gathered about
the technology, its workings, or its benefits. During step two, in the ‘Persuasion’
stage, individuals develop an attitude towards the innovation, which may be
either positive or negative. The next step is the ‘Decision’ stage, when the person
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takes actions that lead to the adoption or rejection of the technology. Step four is
the ‘Implementation’ stage, when the innovation is put into use. The fifth and
final stage is ‘Confirmation’. During this stage, the adopter either confirms that
the decision to innovate was the right one and continues to use the adopted
technology, or abandons it if the adopted technology has not met their expec-
tations to a significant degree (Rogers, 1983, p. 20).

The fourth key element of innovation diffusion, as mentioned earlier, involves
the members of a social system. Since it is very common for adopters of an
innovation to have peer relationships with each other, Rogers introduced five
categories of adopters to help distinguish their status and connections: (1) in-
novators, (2) early adopters, (3) early majority, (4) late majority, and (5) laggards
(Figure 8). The percentages of the different categories of adopters shown in
Figure 8 follow a Gaussian curve distribution. The rate of adoption is influenced
by the time it takes for the members of the social system to adopt the techno-
logical innovation. According to Rogers, the adoption rate refers to the duration
it takes for a certain percentage of adopters to accept an innovation. According to
Figure 6, during the initial stage of the diffusion process, a small group of in-
dividuals, commonly referred to as innovators, are the first group to adopt the
technology. The presence of such characteristics can be observed in the initial
segment of the S-curve. Innovators are individuals who demonstrate an en-
trepreneurial spirit and a willingness to explore new ideas, even if it involves
taking risks and requires courage. In the diffusion process, innovators can play a

1. Previous practice

2. Felt needs/problems

3. Innovativeness

4. Norm of the social systems

Prior
Conditions

Characteristics of
Decision-Making Unit

Communication Channels

1. Socioeconomic
characteristics

2. Personality
variables

3. Communication
behaviour

I.
Knowledge

II.
Persuasion

III.
Decision

IV.
Implementation

V.
Confirmation

Perceived Characteristics of the
Innovation

1. Relative advantage
2. Compatibility
3. Complexity
4. Trialability
5. Observability

1. Adoption

2. Rejection

Continued Adoption
Later Adoption

Discontinuance
Continued Rejection

Figure 7. The Innovation-Decision Process. Source: (Rogers, 1983, p. 165)
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crucial role as they tend to be well-travelled and open to sharing new ideas across
various peer groups.

Over time, innovations tend to spread through various channels, leading to an
increasing number of adopters and a climbing trajectory of adoption rates. A
further category of innovation adopters that arises are early adopters. According
to Rogers, the group is typically local but exhibits a notable level of leadership
within a peer group or local community. They are eager to share their knowledge
of the innovation with other potential adopters. Through social interaction, early
adopters influence the earlymajority, a group of adopters who adopt innovations
just ahead of the average peer group member. Although the early majority is
relatively open to technological innovations, they tend to follow others rather
than being leaders.

In the next stage, the curve begins to flatten as gradual saturation occurs and
fewer potential adopters remain. Among these are the late majority, who tend to
adopt a technological innovations not on their own initiative but due to necessity
– most often economic necessity, increasing peer pressure, or because most of
their peers are already using the technological innovation in question. The final
group, called laggards, are individuals who may require additional attention and
are more challenging to reach and persuade to adopt the innovation. Often, they
are poorly socially networked and have limited interactions with their peers,
sometimes even isolating themselves. The slope of the diffusion curve is influ-
enced by the rate of adoption of the innovation. A more rapid rate of adoption
tends to result in a steeper curve, whereas a slower rate tends to result in a flatter
curve (Rogers, 1983).

Despite potential benefits, the implementation of innovations often en-
counters barriers that impede their absorption and dissemination. Resistance to
change, reluctance to take risks, inertia, and uncertainty about the outcomes of
innovation can foster scepticism or complacency among stakeholders, hindering

Figure 8. Categories of adopters. Source: (Rogers, 1983, p. 247)
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adoption. Moreover, factors such as lack of awareness, knowledge gaps, resource
constraints, and compatibility issues with existing systems or practices can
constitute significant barriers to innovation adoption, especially in complex or
entrenched industries. Additionally, cultural norms, institutional barriers, and
regulatory constraints may inhibit the adoption of innovations that challenge
dominant norms or structures. By understanding these factors, barriers, and
consequences of innovation implementation, stakeholders can harness the
transformative potential of innovation to drive progress and prosperity. From
improving quality of life to addressing global challenges, innovation implemen-
tation offers unlimited opportunities for positive change and social development.
Embracing innovation requires courage, vision, and collaboration to create a
future that promotes social inclusion, sustainability, and resilience in the face of
unprecedented challenges, including the contemporary threats posed by climate
and energy crises.

Observational Learning

The formation of peer effects as part of the information diffusion process does
not necessarily imply the need to build direct peer interpersonal relationships.
Observational learning occurs when new behaviour results from imitating be-
haviour observed in peers. Thus, in relation to energy transition, learning, in-
cluding the acquisition of knowledge about technological innovation, occurs
through the observation of peer solutions. In line with Bandura’s (1977) social
learning theory discussed in the first chapter, observational learning operates
through cognitive processes such as attention, retention, reproduction, and
motivation. These processes enable potential users of alternative energy sol-
utions to acquire and internalise information from the environment in which
they operate. Attention involves actively focusing on the behaviour of models,
such as noticing renewable energy installations functioning in their surround-
ings. Retention entails encoding and storing observed information inmemory, as
the decision to adopt alternative energy installations is not made upon a single
observation. Reproduction involves imitating behaviour, while motivation de-
termines the likelihood of engaging in behaviour based on anticipated rewards or
consequences, often economic in this context.

By observing the consequences of decisions made by other users of energy
installations, potential adopters learn which decisions may be perceived as fa-
vourable or undesirable, shaping their subsequent choices and actions. Fur-
thermore, observational learning enables individuals to learn from the mistakes
and successes of others, helping them avoid pitfalls and adopt effective strategies
to achieve their goals. It facilitates the dissemination of innovations, tech-
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nologies, thereby driving social progress and adaptation to changing environ-
ments. In the digital age, media platforms serve as powerful channels for ob-
servational learning, influencing the attitudes, beliefs, and behaviours of in-
dividuals by exposing them to diversemedia content and rolemodels. Television,
film, social media, and online platforms provide numerous opportunities for
individuals to observe and emulate characters, celebrities, influential individuals,
and peers, both through incidental exposure and deliberate product placement
(Cook et al. , 2023).

One of themore commonly cited studies attempting to estimate the size of the
peer effect based on observational learning is the study by Bryan Bollinger and
Kenneth Gillingham (2012). The authors proposed aggregating a complete PV
installation with the postcode of each site. The study was conducted for in-
stallations established between January 2001 and December 2011 in California,
USA. The authors demonstrate that each additional complete installation in-
creases the probability of another installation in the same postcode area by
0.78 percentage points. In addition, the authors suggest that the size of the
installation also matters for the adoption rate. According to their hypothesis,
larger installations are more visible, and seeing them prompts neighbours to
more quickly decide to replicate the technology in their own household (Bol-
linger & Gillingham, 2012).

Spatial studies of the diffusion of energy technological innovations are also
conducted in Europe. For instance, Laura-Lucia Richter (2013) analysed the peer
effect through observational learning using data on the number of solar in-
stallations in the United Kingdom (UK), focusing on an area in Scotland with an
average installation density rate of 0.7 installations per 1,000 households. The
author estimated that the next photovoltaic panel visible in the same location,
increases the installation rate threemonths later by one per cent, which translates
into a 0.5 percentage point increase in the number of new installations in the area.
Research has also indicated that social learning through observation varies across
different months and tends to decrease over time. These effects are also stronger
at the level of local communities compared to the level of local authorities in
geographic terms. An intriguing finding from the research highlighted by the
author was that moderately affluent neighbourhoods exhibited a lower degree of
innovation diffusion, indicating that social learning played a less significant role
in those areas. In contrast, a stronger learning effect was observed in neigh-
bourhoods with moderately higher education levels compared to those with
lower education levels (Richter, 2013).

Nicholas Nixon Opiyo (2019) attempted to estimate the timeframes involved
in the diffusion of innovative solar technologies. He investigated this issue in a
location where solar PV installation is considered a lower-risk solution due to
favourable climatic conditions. The author applied data obtained from a quan-
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titative survey of 192 household residents from Kenya (villages of Gendia,
Kanam, and Pala) in an agent-based model. Opiyo distinguished two groups of
participants among the respondents, 18 were classified as early adopters and the
remaining 174 as imitators (observers). The simulation carried out allowed to
verify the hypothesis that the visibility of solar systems installed stimulates
further installations in the neighbourhood. This is because it is not only the
installation itself that is visible, but also due to the effects of the installation in the
form of a better lighting of the farm area at night which gives the sense of security
of the residents. Moreover, early adopters are perceived to have achieved a higher
social status through the adoption of innovations, so the desire to emulate is also
dictated by the motivation to achieve a similar status (Opiyo, 2019).

In contrast, using Dutch spatial data, Jianhua Zhang, Dimitris Ballas and
Xiaolong Li (2023) suggest that an increasing number of PV installations in a
neighbourhood contributes to increasing of the number of similar installations
in close neighbourhoods. The visibility of the solar panels contributes not only
to the further acceptance of the technological innovation, but also to the
strengthening of the relationships with the peers. The authors similarly estimated
an innovation adoption rate similar to Bollinger and Gillingham (2012). Using
data from 13,205 Dutch neighbourhoods, they estimated its rate at 0.41 (Zhang et
al. , 2023).

Word-of-Mouth Effect

When considering the mechanisms for the formation of direct peer effects, it is
worth starting with those derived from communication interactions. Commu-
nication channels, the second key element in the innovation diffusion process,
are the means through which information about innovations is transmitted to
potential adopters. There is no doubt that nowadays the spectrum of available
communication channels is wide, ranging from the informal ones such as a
simple social conversation or a discussion between two or more people, to the
more formal ones, such as trainings, workshops or instructions. The latter will be
presented in the following sections. Due to the variety of available media, com-
munication channels play different roles both in the process of acquiring
knowledge about a technological innovation and in the decision-making process
to adopt it. This section delves into the multifaceted dimensions of word-of-
mouth marketing, examining its mechanisms, influence on the behaviours of
potential users of renewable energy-based systems, and its significance in con-
temporary marketing strategies. The power of word-of-mouth marketing lies in
its organic nature, driven by individuals sharing their experiences, opinions, and
recommendations with others.

Mechanisms of Peer Effects Formation: Communication Channels40



Word-of-mouth marketing, as mentioned above, can be defined as the
transmission of information between two or more people through face-to-face
communication, telephone conversations, or casual or purposeful social gath-
erings. Word-of-mouth marketing can also occur through media, yet its char-
acter remains unchanged. It encompasses conversations held on informal online
platforms such as discussion forums, review websites, social media, or instant
messengers. The transmitted information may include recommendations, en-
dorsements, reviews, and discussions about products, services related to their
installation or operation, brands, or experiences. In contrast to traditional ad-
vertising, which often relies on paid media channels, word-of-mouth marketing
thrives on authentic spontaneous customer reactions. The emergence of digital
technology has increased the reach and speed of word-of-mouth, enabling rapid
dissemination of information in global networks.

The first link in the chain of communication of innovation involves the in-
novators. The source of recommendation of an adopted technology comes from
various sources. One such scenario occurs when an innovator voluntarily informs
potential early adopters about their investment in a technological innovation,
driven by their satisfaction and excitement about the innovation. Secondly, the
innovator may feel a sense of pride and uniqueness as an early tester of the
innovation, which maymotivate them to share their investment with others. This
can help to reassert their status among peers. Thirdly, the innovators may have
the well-being of others in mind. As a result of their positive experience, they
may encourage others to replicate his decision to adopt the innovation. Un-
fortunately, the innovators may also have a negative experience because the
innovation has not responded to their needs. Then, they may feel the need to talk
about it as a manifestation of dissatisfaction and self-regulation of frustration
levels, or to warn others not to replicate their erroneous decisions (Engel et al. ,
1969).

In the successive stages of innovation diffusion, the process of information
dissemination accelerates as more people become involved. The motives for
sharing information may also change over time. For example, when repre-
sentatives of the latemajority recommend a product, theirmotivation for sharing
information on their investmentmademay be to demonstratemembership in the
group or to express gratitude to others for their support in adopting the in-
novation. Interestingly, word-of-mouth may intentionally be the main channel
for conveying information. It has been observed that some companies adopt a
sales strategy that relies on an informal distribution network built on trust be-
tween the supplier, technology service provider, and the customer. Through this
planned cooperation, which utilises the relationship between the user and the
manufacturer, small companies had the opportunity to learn quickly by using
consumer experience and efficient feedback (Van Est, 1999).
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Research also suggests that establishing trust between suppliers and cus-
tomers through a coordinated advisory system strengthens not only practical
knowledge, but also user satisfaction with the technology. This, in turn, can lead
to increased engagement in promoting the benefits of the solar system to po-
tential downstream users. Recognizing the power of word-of-mouth communi-
cation, experienced providers incorporate it into their strategies to enhance
brand awareness, increase credibility, and boost sales. They cultivate positive
customer relationships, encourage user-generated content creation, and pro-
mote through referral programs and partnerships with distributors. This phe-
nomenon is particularly visible in smaller towns, where satisfaction with a spe-
cific system such as solar water heaters, for example, can quickly generate the
spread of positive word-of-mouth feedback about the system. In smaller towns,
supplier-customer relationships are often established on both a social and per-
sonal level.

This effect is also seen in the case of ineffective relationship building between
supplier and customer. If the supplier fails to provide detailed technical ex-
planations relevant to the operation of the solar heating system and, as a con-
sequence, the system may not work efficiently. This can result in users focusing
more on its shortcomings and spreading negative opinions about it (Elmustapha
et al. , 2018). Negative word-of-mouth can quickly spread, damaging the brand’s
reputation and undermining trust. Furthermore, in an era of information
overload, attracting and retaining consumer attention amidst the deluge of
content poses a significant challenge. However, these challenges also present an
opportunity for producers and distributors of energy systems to authentically
engage in consumer relationships, proactively address concerns, and transform
critics into advocates.

The decision to adopt an innovative energy technology involves the acquis-
ition of a certain experience. This experience, depending on whether it is positive
or negative, contributes to the way in which the user communicates information
to their environment. This, in turn, influences subsequent potential users and
their decisions on whether to adopt the innovation in question. The likelihood
and effectiveness of the word-of-mouth effect is therefore influenced by sat-
isfaction with the product, trust in the recommender, the relevance of the in-
formation and the social ties between individuals. In addition, the emotional tone
conveyed, the perceived expertise of the person recommending the innovation,
all of which can enhance the impact of word-of-mouth messages, play a role. An
attempt to better understand this complex relationship between the many actors
in the energy market was undertaken by Michael Mutingi (2013), who developed
a model for the adoption of renewable energy technology in a systems dynamics
approach. The aim of this study was to answer the question of how the rela-
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tionships between the multiple actors involved in the diffusion process of an
energy innovation impact its diffusion and adoption.

The model developed by Mutingi (Figure 9) depicts a causal loop diagram of
the interaction between word-of-mouth and the adoption of energy innovations
(Mutingi, 2013, p. 181). As proposed by the author, the interactions occur in three
main loops. The first loop in the model is a balancing loop, which is employed to
represent the relationship between the number of potential adopters of renew-
able energy-based technology and the adoption rate. This loop is denoted by B1.
The higher the number of potential adopters expressing interest in adopting the
technology, the higher the value of the adoption rate. As the adoption rate grows,
resulting in fewer potential users who have not yet adopted the technology. Loop
B1 explains the market dynamics of a given technological innovation. Promo-
tional activities can further boost the adoption rate and enhance the technology’s
popularity.

Another loop in the model is the amplification loop labelled R. It represents the
relationship between user population and adoption rate. As the adoption rate
grows, the number of people who have adopted the innovation increases. In turn,
the larger the population of active users, the greater the spread of information
about the technology in the society. Following the increased flowof information,
more people learn about the innovation and decide to adopt it. Furthermore, the
effect of the pilfer post depends on the size of the market; the larger the market
(total market index), themore significant the spread of information. If the public

Figure 9. Causal loop analysis for renewable energy adoption, (Mutingi, 2013, p. 181)
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is receptive to innovation, indicated by a higher probability of adopting the
innovation in the near future (Adoption probability index), consumers are more
likely to positively and willingly discuss the new technology with others. Con-
versely, the contact rate diminishes the impact of the word-of-mouth effect. This
is because when a larger proportion of the population is already familiar with the
technology through direct contact, there is less necessity to discuss it.

The last loop in the model, labelled B2, is a balancing loop that illustrates the
relationship between the population of former adopters and the rate of decline in
innovation adoption. As the user population increases (the Adopters rate), the
decline rate, reflecting dissatisfaction with the technology, also increases. The
higher the decline rate, the higher the perceived decline and the larger the pop-
ulation of former users who have abandoned the innovation. Consequently, as
perceived decline and former adopters increase, manufacturers and distributors
intensify efforts to reach these former users through targeted promotion (tar-
geted promotion rate) and encourage them to reconsider adoption (readoption
rate). Simultaneously, increased targeted promotion activities contribute to
lowering the decline rate (Mutingi, 2013).

Mutingi employed the developed model to test four different scenarios:
(1) Ideal case – no decline in technology use, no re-adoption and no corrective
policy control; (2) Adoption with decline – possibility of decrease in technology
use, but without re-adoption, without corrective policy control and without in-
fluence of former adopters; (3) Adoption with decline and inhibition – possibility
of decrease in technology use, negative influence of former adopters but without
re-adoption andwithout corrective policy control; (4) Adoption with fuzzy policy
control (Figure 10).

Table 2 shows the detailed simulation results obtained by the author con-
sidering the different scenarios.

Table 2. A summary of comparative simulation results, (Mutingi, 2013, p. 192)

Performance
criteria

Ideal case With decline With decline
and inhibition

With fuzzy
policy control

Peak adoption
rate

8 8 7 8

Peak adoption
time

11.26 11.26 10.41 11.26

Maximum
adoption

100 85 80 97.5

Maximum
adoption time

24 24 16 25
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Word-of-mouth influences the behaviours of potential users of innovative
technology at every stage of the process related to its purchase, installation, and
use. During the awareness stage, positive recommendations can spark interest
and encourage consideration of a particular offer. In the evaluation phase, word-
of-mouth acts as a credible source of information, aiding prospective users in
making informed decisions about adopting a specific energy solution. After
purchase and installation, it reinforces satisfaction and loyalty, potentially
leading to advocacy and further diffusion of innovation. Word-of-mouth con-
tinues to be a powerful force in the contemporary landscape of social learning
utilised in the energy market, driven by the authenticity and credibility of per-
sonal recommendations. Its ability to influence perceptions, decisions, and en-
hance brand loyalty underscores its potential and enduring significance. With
technology advancing and consumer behaviours evolving, leveraging the power
of word-of-mouth will continue to be a cornerstone of effective marketing
strategies. This approach supports authentic connections between producers,
suppliers, and users in an increasingly interconnected world.

Figure 10. Four scenarios of Renewable EnergyTechnologies adoption behaviour, (Mutingi, 2013,
pp. 188–191)
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Chapter 4.
Mechanisms of Peer Effects Formation:
Members of Social System

When examining the mechanisms that underlie peer effects, it is crucial to
consider the derivative of the word-of-mouth effect. Direct conversations among
members of social networks serve as primary sources of information and
knowledge regarding renewable energy sources and their utilisation. Conversely
within these networks, individuals who are well-known and respected can sig-
nificantly amplify efforts toward social learning and accelerate the diffusion of
innovation. The role of opinion leaders in the innovation diffusion process
constitutes a significant area of research in both social sciences and economics.

Opinion Leaders

Opinion leaders are frequently described as individuals or groups who hold
authority and possess the capability to influence the opinions, attitudes, and
behaviours of others within their environment. Definitions of opinion leaders
vary depending on the research perspective and the social or cultural context.
One approach to defining opinion leaders focuses on their knowledge and ex-
pertise. For instance, Elihu Katz, Paul F. Lazarsfeld, and Elmo Roper (2017)
characterise opinion leaders as individuals who possess knowledge or experience
in a specific field, are recognized as experts within it, and demonstrate capa-
bilities that exceed those they influence. Such perceived opinion leaders are
sought after by others for advice and knowledge sharing.

Due to their experience, knowledge, or authenticity, opinion leaders are
trusted by others. Their support for a particular innovation can contribute to
building trust and reducing uncertainty associated with its adoption, hence re-
search is conducted on the effectiveness ofmarketing strategies based on opinion
leaders, as well as on methods of identifying and engaging these leaders in
promotional activities. When opinion leaders endorse specific solutions related
to energy transformation, others aremore likely to trust those recommendations
and take actions towards sustainable energy. The endorsement of a specific



technical solution by opinion leaders is particularly impactful when they actively
use it and express satisfaction with its utility, quality, or specific benefits. They
contribute to building a positive image of these innovations within the com-
munity they identify with. This mechanism is exploited by producers who, es-
pecially in the initial stages of introducing a solution to the market, offer it for
free to celebrities, bloggers, or other influential individuals in exchange for active
product endorsement.

While Cheng Ming Yu defines opinion leaders as “those individuals whose
beliefs, practices and behaviours are noticed and imitated by others” (Ming Yu,
2002, p. 80). According to Parau et al. (2017, p. 157), “opinion leaders are in-
dividuals who exert a significant amount of influence within their network and
who can affect the opinions of connected individuals”. Rogers focuses on the
temporal aspect, crucial in the innovation diffusion process, proposing that
“opinion leadership is the degree to which an individual is able to influence
informally other individuals’ attitudes or overt behavior in a desired way with
relative frequency” (Rogers, 1983, p. 331). Additionally, apart from opinion
leaders, Rogers distinguishes change agents. According to his definition, “a
change agent is an individual who influences clients’ innovation decisions in a
direction deemed desirable by a change agency. In most cases a change agent
seeks to secure the adoption of new ideas, but he or she may also attempt to slow
the diffusion process and prevent the adoption of certain Innovations” (Rogers,
1983, p. 331).

Opinion leaders are often among the first to accept new products, tech-
nologies, or ideas. Rogers’ theory of the diffusion of innovation (1983) empha-
sises the importance of leaders as early adopters of innovation, hence research is
conducted on the role of leaders in social processes such as attitude change,
consumer behaviour, or decision-making processes. Opinion leaders are often
perceived as catalysts for social change, influencing the opinions and actions of
others in their environment (Valentine, 2010). Their enthusiasm and active
adoption of innovationsmake themmore visible and draw the attention of others
in the community. They often have a keen eye for new developments in their field
of activity, enabling them to quickly identify emerging ideas, products, or
technologies emerging on the market. Thanks to their ability to track trends and
analyse changes, they can quickly recognize innovations with potential for fur-
ther development and diffusion. Opinion leaders not only identify new in-
novations but also actively engage in testing, using, or experimenting with them.
Due to their curiosity and openness to newexperiences, they are often among the
first ones to try out new products or technologies, even if they are still relatively
unknown or risky.

Opinion leaders possess the ability to raise social awareness through their
actions and communication.Whether through publications, public appearances,
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participation in social media, or other forms of communication, they can bring
attention to new innovations and catalyse discussions about them within the
community. Opinion leaders often serve as guides and advisors in the decision-
making process regarding the adoption of innovations. Their recommendations
and positive opinions can significantly influence others to take action. Openness
to change and willingness to experiment can inspire others in the community,
encouraging them to explore and adopt new solutions. By utilising authentic
voices of satisfied or dissatisfied customers, distributors can support com-
munities of ambassadors and influencers (Ferreira et al. , 2022), who promote
their products or services. These ambassadors often focus on collecting opinions
and feedback from the social network in which they operate. This information
can provide valuable insights to distributors on how to improve the innovation or
how to tailor its promotion to the needs and preferences of the audience.

Research on the communication channels used by opinion leaders highlights
the creativity exhibited by these leaders, particularly with new technologies.
Opinion leaders leverage various platforms to maximise their reach and influ-
ence, effectively disseminating diverse information about energy innovations
within their communities. In the literature, two main categories of opinion
leaders can be distinguished: social leaders -trusted and authoritative within their
society or social group through the use of traditional communication methods,
and media leaders, who achieve their position through activity in mass media.
Differences between these two types of leaders can influence their role and
effectiveness in the innovation diffusion process.

Taking into account the above division, research encompasses the analysis of
various communication channels, such as social media, blogs, public appear-
ances, interviews for traditional media, or participation in social events. Leaders
are often also recognized as fashion icons or trendsetters in their community.
Their decisions regarding the adoption of new products or technologies can
influence others and lead to the emergence of trends or consumption patterns.
Researchers analyse how social media and other digital platforms change the
dynamics of innovation diffusion and how opinion leaders use these new tools
for communication and societal influence (Wang, 2024).

Peer Pressure Effects

The peer pressure phenomenon, also known as social pressure, peer influence, or
social influence, refers to a situation in which a peer group exerts influence on an
individual to conform to the norms, values, behaviours, or expectations pre-
vailing within that group, adopt a specific stance, or take particular actions
(Meshram, 2016). Peer pressure is a complex phenomenon influenced by several
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key components, three of them playing a crucial role in its effectiveness: (1) the
individuals exerting pressure, (2) the individuals subjected to pressure, and
(3) the pressure exertion strategy. Peer pressure can be applied in various con-
texts such as advertising, marketing, politics, education, or daily social inter-
actions. It is essential to understand the goals of the individuals exerting pressure
aim to achieve and the motivations, needs, and values of the pressure recipients
(Aronson et al. , 2005).

The effectiveness of peer influence undoubtedly depends on who exerts the
pressure. As described in earlier sections of this monograph, a peer group can
consist of different individuals. Due to personal traits, social position, or rela-
tionships, the communication between the individuals exerting pressure and the
recipients varies. Research suggests that concerning technology adoption, the
person conveying information or educating is as important as the information
itself or the knowledge resource being conveyed. Interestingly, peers such as
family, friends, or other trusted networkmembers are more likely to disseminate
information, while government officials or local authorities typically exert social
influence (He et al. , 2022).

Individuals with high social competencies, capable of gaining the public’s
trust, are more likely to influence others than speakers who lack social trust (Lin,
2019). Moreover, individuals perceived as more physically attractive, due to
personality attributes or communication style, such as gesture mannerisms or
vocal intonation, are more successful in gaining their peers’ trust (Niebuhr et al. ,
2023). The potential of such individuals is utilised in the information diffusion
process, where they play the roles of opinion leaders or change agents discussed
earlier.

The effectiveness of peer influence also depends on the characteristics and
preferences of its recipients. Both age, gender, education level, socio-economic
status, environmental values, and knowledge as well as less obvious factors that
may influence the relationship between the influencer and the recipient of peer
pressure are important (Dowd et al. , 2012). One of these factors are cultural
differences and their associated peer influence through diverse argumentative
styles. For instance, for Americans, who prioritise personal preferences, a better
way to encourage pro-environmental actions is by using arguments related to
personal well-being or individual gain resulting from these actions. Conversely,
in Asian countries where collectivist culture prevails, pressure utilising argu-
ments related to the common good and following a common pattern is more
effective, meaning it is worth doing something for the environment because
others are doing it (Huang et al. , 2022).

Considering peer pressure, the following effects can be distinguished. Firstly,
the goal of exerted pressure may be to change the recipient’s attitudes toward a
particular issue, product, or idea, including energy transformation. It may in-
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volve convincing the recipient to adopt a positive attitude or acceptance of a given
idea, as well as changing negative or reluctant attitudes hindering implemen-
tation of pro-environmental practices. An example could be exerting peer
pressure to change attitudes toward energy consumption. Studies conducted by
Anna Laura Pisello and her team (2016) showed that despite identical charac-
teristics of office rooms (size, shape, natural lighting), peers of comparable
characteristics such as age, education, similar routines, and work schedules,
exhibited divergent attitudes toward controlling energy consumption. In some
office rooms employees maintained a higher temperature, under the same
weather conditions, employees in another room regularly maintained a lower
temperature. The authors suggest that this is related to diverse perception of
thermal comfort or the need to turn lights on and off (Pisello et al. , 2016).

Another goal of peer pressure may be to change the recipient’s beliefs about a
specific issue or product. Hajarini et al. (2022) distinguish three types of beliefs
crucial in shaping energy transformation policies. The first group includes be-
havioural beliefs such as the perception of energy transformation by system
users, knowledge and understanding of the energy transformation process by
energy users, living conditions and status in the place undergoing trans-
formation, and a sense of justice and rationality of the planned transformation.
The second group consists of normative beliefs, which include the need for
involvement of various stakeholders and managers of energy transformation.
This group also emphasises social cohesion, represented by the regularity and
quality of interactions and relationships within the local community, and the
mutual influence the community has on the behaviours of energy users. The
third set of beliefs comprises control beliefs, which encompass several key as-
pects: understanding the necessity to establish a framework of representatives
serving as social intermediaries on behalf of the community, defining property
rights by the state, engaging the local community in the collaborative process of
energy transformation to empower them, ensuring their agency, believing in the
financial capacity of users to implement the transformation, providing educa-
tional readiness for users regarding energy transformation, and guaranteeing
users the option to withdraw from the process after it has commenced (Hajarini
et al. , 2022).

Another goal of peer pressure may be an attempt to persuade the recipient to
take specific actions or reactions. This may include purchasing a product, sup-
porting a particular idea, participating in a social campaign, or changing lifestyle
or behaviour. For example, Constantine Spandagos and his team explored the
role of peer pressure-based educational interventions in shaping energy-saving
behaviours among residents of Hong Kong. Based on quantitative survey re-
search, the authors verified two types of interventions, offline interventions,
based on direct pressure from the local community, and online interventions,
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through social media. The results indicate that peer pressure, regardless of how it
is exerted, is a significant source of behaviourmodification related to heating and
cooling practices. Although both types of interventions were highly effective,
interactions through social media were stronger (Spandagos et al. , 2021).

In business and politics, a crucial objective of applied pressure is often to
cultivate a positive brand image for a company, organisation, or public figure.
Through appropriatemessages and actions, peer pressure can influence society’s
perception of a particular individual or institution. Peer pressure can also serve to
reinforce existing beliefs or attitudes of the recipient. In such cases, the goal is to
maintain customer loyalty, strengthen emotional bonds with the brand or idea,
or enhance social engagement. An example of such actions is a company’s in-
vestment in innovative technological solutions and transition to renewable en-
ergy sources for dual purposes. This initiative serves dual purposes: firstly, to
enhance the company’s reputation as an environmentally friendly entity and
align with current technological trends; and secondly, to retain existing cus-
tomers and attract new ones who perceive such actions as socially and envi-
ronmentally significant (Issa & Hanaysha, 2023).

In some cases, actions based on social influence mechanisms primarily aim to
educate recipients about specific issues, social problems, or the benefits asso-
ciated with a particular product or service. In other instances, this educationmay
occur unconsciously, happening simultaneously. These goals are achieved
through selected peer influence strategies. It can be presented in the form of
technical facts supported by values or numerical simulations. This is a type of
logical persuasion, influencing based on the presentation of rational arguments
and evidence to convince the recipient of a particular stance. In this case, the
effectiveness of the influence depends on presenting facts, statistics, or scientific
research in a way thatmakes the ensuing arguments understandable, convincing,
and based on credible sources (Gosnell et al. , 2019).

Another strategy is emotional persuasion. It involves evoking strong emotions
in recipients, such as fear, joy, empathy, or anger, to encourage them to take
action or change their attitudes. Emotions can be utilised to authenticate the
message, reinforce persuasion, or evoke empathy. For instance, the need for
eliminating coal-fired boilers can be presented by referring to statistics of ill-
nesses and images of damaged lungs due to breathing polluted air, appealing to
the emotions of information recipients. An example of such information dis-
semination is employed by the Polish Smog Alert organisation as part of the anti-
smog campaign “See What You Breathe” (Polski Alarm Smogowy, 2020). Emo-
tional campaigns also frequently utilise celebrities, expert endorsements, in-
dustry figures, or influential individuals who reinforce the message with their
authority. This mechanism has been detailed in the previous section (Opinion
Leaders).
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The next strategy for peer influence utilises a technique based on presenting
practical examples illustrating the desired effect or indicating that other people
also support specific beliefs or behaviours. For instance, during informal con-
versations or targeted discussions, opinions or referrals from other consumers
may be cited to convince recipients to purchase a product. To reach a wider
audience of potential adopters, both solar energy vendors and decision-makers
employ unconventional communication methods based on presenting recom-
mendations from family, friends, or colleagues who have had positive experi-
ences with installing solar heating systems. These pragmatic marketing tools
utilising the peer influence mechanism instil greater trust in renewable energy
installations than basic brochures or informational campaigns (Pudaruth et al. ,
2017).

Another employed strategy used to increase the diffusion of innovations in-
volves addressing potential counterarguments in the communication. Within
this strategy, individuals exerting peer influence consider foreseeable or pre-
viously diagnosed counterarguments or objections from recipients and attempt
to address them in their communication, pre-empting and mitigating potential
negative attitudes of the recipient. Demonstrating that various viewpoints have
been considered and responding to potential objections may increase the cred-
ibility and effectiveness of persuasive efforts. Research in the field of electricity
generation technology suggests that presenting arguments consistent with the
recipient’s initial attitude is perceived as more convincing than those incon-
sistent with their initial attitude. Presenting a specific technological solution as
addressing consumer concerns enhances the likelihood of innovation adoption,
especially since authors argue that the tendency for argument consistency with
presented attitudes seems to exert the greatest influence on respondent evalu-
ations (Shamon et al. , 2019).

The subsequent strategy utilises verbal visualisation techniques by creating
narratives and stories facilitating the acceptance of new products or technologies.
Storytelling or presenting unconventional narratives can be an effective per-
suasive strategy because it helps recipients better understand and identify with
the conveyed information. Stories can be used to evoke emotions, illustrate
abstract concepts, or demonstrate the benefits associated with specific actions.
Similar functions are fulfilled by rhetorical techniques such as metaphors,
analogies, rhetorical questions, or the use of imagery, enabling increased effec-
tiveness of the message. Storytelling based on individual experiences related to
the applied heating system serves as a means of understanding, communicating
the adoption process of a given technological solution, and simultaneously in-
fluencing peers (Goodchild et al. , 2017).

Another strategy used within peer pressure is leveraging arguments based on
presenting time constraints or limitations in solution availability. Persuasion can
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be more effective if the presentation emphasises the need for making a decision
within a specified time. Presenting an offer as available to a certain number of
people can increase the sense of urgency or rarity of the offer, which in turn may
encourage recipients to actmore quickly ormake decisions to adopt innovations.
An example could be arguing for the attractiveness of investing in a photovoltaic
installation at the time of changing the method of individual energy production
settlement from net metering to net billing (Trela & Dubel, 2021).

Another strategy is based on the principle of consistency and striving to
maintain consistency in actions and decisions. Meaningful engagement of peers
in the persuasion process, such as through small initial steps, can increase the
likelihood of subsequent engagement in larger actions. An advanced installation
does not necessarily have to be implemented all at once; related adoption
processes in households can be based on acquiring one renewable energy source
and then adding another renovation or energy technology, without a stable end
point (Juntunen, 2014).
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Chapter 5.
Application of Peer Effects: Educational Interventions

Another way to foster the environment for peer effects to emerge is through
planned educational initiatives. Resistance to energy transition or slow pace in its
implementation may stem from a lack of education and awareness regarding the
necessity to change energy production and consumption patterns. Peoplemay be
unaware of the consequences of climate change or not realise the potential
offered by sustainable energy sources. To address this issue, various educational
initiatives are undertaken, both grassroots and planned within local, national or
international policies. Organised training, raising social awareness, increasing
public participation, and providing public access to information about techno-
logical innovations are important communication channels on the path to en-
vironmental protection and achieving goals related to global decarbonization.
Planned educational activities serve not only to reinforce the positive effect of
word-of-mouth but also to leverage peer effects enhancing the effectiveness of
educational interventions, increasing their attractiveness, and serving as pro-
motional or informational activities.

Educational activities supporting the diffusion of innovation operate under
the assumption that lack of knowledge about available tools to protect our planet
lies at the heart of the reluctance to change environmentally unfriendly behav-
iours. Strategies are developed to enhance the knowledge of potential adopters,
aiming to effectively reach diverse audiences, particularly those that are harder to
engage.

Reinforcing the Word-of-Mouth Effect

Network structures, such as groups, communities, or organisations, play a crucial
role in disseminating information and supporting the innovation diffusion
process, thus one of the aims of educational activities is to strengthen the
functioning of social networks. Creating and supporting network structures, such
as communities, organisations, or groups, can facilitate the exchange of in-



formation and experiences. Encouraging open dialogue and collaboration be-
tween different social groups can promotemutual learning and understanding of
diverse perspectives on energy issues.

According to Palm’s research (2017), interpersonal networks are effective
carriers of innovation knowledge, although the knowledge transmitted in this
way is usually not advanced and mainly instructional. Nevertheless, in the con-
ducted study, adopters considered information conveyed through informal
contacts valuable as it reduced concerns regarding technological innovation and
made them adopt photovoltaic installations. It appears that disseminating in-
formation about the reliable and user-friendly operation of photovoltaic systems
was crucial. Users providing educational support were perceived as credible
sources of information. For prospective adopters, these were individuals they
could identify with – people in similar situations with similar needs and familiar
acquaintances. The received information about the technology meeting users’
expectations regarding system efficiency was perceived as reliable. Through
continuous social learning and targeted educational interventions, adopters’
knowledge was reinforced, enhancing awareness of environmental issues and
understanding of technology operation. The results indicate that active peer
effects facilitated through direct interpersonal contact and word-of-mouth
mechanisms were stronger within existing social circles of friends, relatives, and
colleagues compared to networks of unfamiliar neighbours. Nearly all partic-
ipants who interacted with an active user of photovoltaic installations before
making the adoption decision already knew that person (Palm, 2017).

Building on the findings of Lin and Jia’s research (2023), it is recommended
that efforts to enhance the word-of-mouth effect through educational inter-
ventions should also be integrated in the policy development. The authors em-
phasise that social networks are an important medium for enhancing peer effects
tomaximise the benefits of educational campaigns, both for innovation diffusion
and other behaviours towards green transformation. The authors recommend
undertaking targeted, planned actions addressed to groups that are particularly
susceptible to be influenced by peers. The groups in shaping pro-environmental
consumer habits include students, organisations based on more personal rela-
tionships, groups of environmentally concerned individuals, and individuals
with low levels of depression. Universities play a pivotal role in shaping envi-
ronmentally friendly policies by enhancing training, workshops, and courses that
cultivate knowledge and skills related to environmental literacy. They possess the
space and potential to promote pro-environmental values and effectively harness
peer effects (Lin & Jia, 2023).
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Word-of-Mouth to Increase the Effectiveness of Educational
Interventions

In the context of formal education, planning additional educational activities or
spontaneous educational interventions usually does not present significant
challenges. Peer effects are leveraged in two primary ways in this setting. Firstly,
educational activities aim to directly support environmental literacy, shape en-
vironmentally friendly attitudes among students or beneficiaries. Secondly, peer
effects are used to indirectly educate the families of students, following an in-
tergenerational education approach. One of the frequently cited examples of
such education is waste segregation. Parents, grandparents, and other members
of the family community who need of educational support regarding pro-envi-
ronmental behaviours receive it from children. In this case, learning often takes
the form of experiential learning; children, returning home from school, begin to
apply practices learned in school and encourage family members to do the same
(Assuah & Johansen, 2023).

Utilising social learning in informal education can be more challenging to
implement, but efforts aremade to harness word-of-mouth effects to support this
form of education. Peer effects play a crucial role in the educational process,
influencing not only the expansion of the knowledge base of potential users of
technological innovations but also their behaviours or attitudes. Fostering pos-
itive interactions among peers can lead to increased motivation to adopt in-
novations, as well as enhanced skills for effectively using installations, ultimately
resulting in satisfaction with the decision made. Encouraging social interactions,
fostering a friendly environment among potential adopters themselves, as well as
between adopters and local or regional stakeholders, can be achieved by sup-
porting the formation of partnerships for energy transition. Such partnerships
have the potential to widely disseminate knowledge about technology adaptation
processes, technical aspects related to their use, and exchange of experiences
among various actors in the energy market. These include environmental or-
ganisations, charities, energy system distributors, energy companies, and local
authorities. Through such supported innovation diffusion, potential adopters
can benefit from education based on social learning, thereby potentially reducing
inequalities in access to green energy (Zhang et al. , 2023).

Providing access to education and training on new ideas and practices can
increase awareness and acceptance of innovations in society. Encouraging co-
operation and mutual assistance within peer groups can foster increased trust
and bonds between peers, thereby enhancing the effective utilisation of the
technical capabilities of adopted devices. One example of utilising word-of-
mouth effects for educational support is peer assistance within user commun-
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ities, which is particularly crucial in the early stages of technological innovation
development. Learning alongside innovation diffusion is crucial in the green
transformation process. Users who have gone through the technology adoption
process with the support of social networks declare that learning is an important
benefit for them because they had to acquire new knowledge to undergo trans-
formation. The knowledge and skills acquired are the result of peer-to-peer
learning processes, where earlier adopters pass on specialised knowledge to
subsequent users of innovation (Lähteenoja et al. , 2022).

Creating peer effects in educational activities can lead to socially challenging
situations. Negative interactions among peers can result in conflicts and may
promote inappropriate behavioural patterns. In a model developed by Gyuhwan
Kim and Taehwa Lee (2022), they present a phenomenon where radical actions
taken by initiators of energy transformation encountered resistance from the
local community. Despite educational efforts aimed at addressing social needs
related to green transformation, aimed at replacing the conventional energy
system, they were not well received. Although the current energy system posed
various problems, radical actions by initiators of energy transformation faced
social resistance because residents perceived them negatively and mutually
supported this attitude. Various strategies employed by initiators to overcome
this resistance did not yield the desired effect. Consequently, radical actions
failed to induce attitude or behavioural modifications among residents, resulting
in a lack of structural changes (see Figure 11). Interactions among “radical
actions,” “social resistance,” “strategies,” and “citizen participation” were neg-
ative – denoted with a minus sign. (Kim & Lee, 2022).

Differences in social and economic status among peers can lead to inequalities
in their relationships and hinder the rapid innovation diffusion. Individuals from
lower social and economic statuses may have limited access to education, tech-
nology, and information, which can delay the adoption of innovation and pro-
environmental practices. Research conducted by Luise Vibrans and colleagues
(2023) demonstrates that communities from lower social classes exhibit less
positive attitudes towards eco-innovations compared to those from higher social
classes. These individuals also exhibit less interest in energy innovations. Dis-
parities in social and economic status influence interpersonal relationships and
mutual trust within communities. Individuals of higher status are more inclined
to accept and promote innovations. This is partly because differences in social
and economic status affect the distribution of resources and benefits arising from
innovations, making them more accessible to higher-status individuals (Vibrans
et al. , 2023). Utilising word-of-mouth effects to reinforce educational inter-
ventions can contribute to reducing disparities in access to clean energy among
individuals of different socio-economic statuses, mitigating inequalities in peer
relationships, and facilitating faster diffusion of innovation.
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Promotional Activities

Promotional activities can be implemented in two main ways. Firstly, through
direct advertising actions and social campaigns are aimed at promoting the
product itself or providing information about available training sessions,
workshops, and presentations related to energy transformation. Secondly, the
word-of-mouth effect is utilised as an indirect means to persuade consumers to
participate in dedicated educational activities. Employing various channels to
reach consumers serves increases the reach of educational interventions and
strengthens their impact. Alvar Palm and Björn Lantz (2020) conducted research
on the effectiveness of informational campaigns in the field of renewable energy.
Due to the lag effect, which involves the fact that a photovoltaic installation is not
immediately implemented after the informational campaign, investors typically
require time to gather the necessary documentation, choose a product, and select
a company to install the system. Therefore, the authors analysed adoption trends
over a longer period. The analysis covered the period from 2009 to 2016 before the
campaign, during which both the experimental and control groups showed a
similar trend in the adoption rate, and the year of the campaign itself, 2017
(Figure 12), with the informational campaign taking place in Sweden from April
to October 2017. The conducted study demonstrates that running informational
campaigns leads in an increase in the adoption rates of photovoltaic installations.
During the examined campaign, the number of submitted and approved appli-

Figure 11. Model of social innovation activities for energy transition (Kim & Lee, 2022, p. 2986)
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cations for subsidies for individual installations increased by 29% (Palm& Lantz,
2020).

Conversely, word-of-mouth marketing is a strategy that capitalises on the social
transmission of information to promote products, services, or ideas. This ap-
proach relies on trust and recommendations from third parties, which often
makes it more credible and effective than traditional advertisingmethods.Word-
of-mouth marketing can be utilised to promote pro-environmental educational
programs, online courses, or social initiatives for local decarbonization. A clear
benefit of this approach is the increased reach of innovation diffusion. Word-of-
mouth marketing, driven by messages from third parties, can help reach new
audience groups interested in technological novelties. It can serve as an inter-
esting and effective promotion strategy in educational activities, but it requires
careful planning and execution. It is essential to consider both the benefits and
challenges associated with this strategy to achieve positive results in promoting
educational programs and social initiatives.

Compared to traditional forms of advertising, word-of-mouthmarketing does
not require large financial investments, especially when relying on well-func-
tioning and extensive social networks. This is particularly evident in smaller
communities. Research shows that individuals within social networks containing
a larger number of people knowledgeable about innovations aremore inclined to
adopt them, irrespective of the number of networkmembers who are active users
of energy innovations. Prospective adopters actively seeking information about a
particular technology first turn to trusted members of their social network, such

Figure 12. The average rate of photovoltaic installations in residential buildings per 10,000
inhabitants, (Palm & Lantz, 2020, p. 7)
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as family and friends. This process of acquiring knowledge through social
learning is more precise and effective.

Conversely, for more dispersed networks, new media provide an effective
alternative. When users share content related to energy transformation on their
social networks, this information can quickly spread among their acquaintances,
family, and colleagues. In this way, it is possible to achieve a wide reach of
communication and promotion of energy transformation. Specifically, word-of-
mouth marketing encourages active user participation in the process of dis-
seminating information about available educational offerings by sharing content,
commenting, and recommending it to others. This enables the building of social
bonds, engages communities in discussions about sustainable energy, and en-
courages specific educational actions to improve energy efficiency and utilise
renewable energy sources. The mechanism of diffusion of innovation by using
internet and social media platforms to convey information does not require
significant financial investments, yet it can yield significant results in increasing
social awareness of energy transformation and interest in participating in related
training (Wang & Sun, 2022).

However, employing word-of-mouth marketing also entails certain risks.
During multiple transmissions of information among peers, there is a risk of
losing control over the message and its interpretation, particularly when the
campaign relies on third-party individuals. This can lead to situations where
messages are distorted or conveyed in a manner inconsistent with educational
objectives or the values of educational support initiators, resulting in mis-
understandings or erroneous interpretations. Content sharers may lack aware-
ness or expertise in the energy field, potentially leading to the dissemination of
false or misleading information. Disruptions in information flow, resulting in
discrepancies between sellers’ promises or recommendations and consumer
expectations, can create challenging situations, potentially leading to failures in
the implementation of innovation contextualization processes.

Unfortunately, word-of-mouth marketing can also be used for manipulating
audiences or spreading spam. There is a risk that individuals or organisations
with alternative views on environmental issues may exploit word-of-mouth
marketing mechanisms to promote false products, services, or ideas related to
energy transformation, which could harm the reputation of this field and slow
down the diffusion of innovation. Social movements and organisations opposing
changes in energy policy and the implementation of sustainable energy sources
are particularly active in this area. This occurs for several main reasons, and their
arguments and strategies may vary depending on the local, political, and social
context.

Some companies operating in the energy sector derive their profits from
traditional, conventional energy sources such as coal, oil, or natural gas. Energy
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transformation requires changes in these business models and a shift towards
more sustainable and environmentally friendly energy sources, which may
conflict with the interests of these companies. Therefore, resistance from in-
dustrial lobbyists is often observed, as they seek to maintain the status quo and
delay changes in energy policy. For companies representing sectors such as coal
mining or petrochemical industry, transitioning to sustainable energy sources
may involve job reductions. Individuals associated with these industries often
fear job loss and challenges in retraining for positions in new sectors. This can
lead to resistance against energy transformation and increased activity to delay
or block the diffusion of renewable energy-based technologies.

Another risk associated with inadequate promotional activities is the creation
of an echo chamber effect, where social media users are primarily exposed to
content and opinions that reinforce their existing views and beliefs. As a result,
individuals who are sceptical about energy transformation may be isolated from
messages promoting sustainable energy sources, making it challenging to reach
them with information on this topic. These individuals remain within social
networks of users with similar views, and social learning in such a situation
manifests as an undesired peer effect, creating and reinforcing common beliefs
that hinder or even obstruct energy transformation.

The consideration of primary factors like word-of-mouth and advertising in
innovation diffusion has found reflection in fields such as economics, marketing,
technology management, and system dynamics. The Bass diffusion model is one
of the most popular mathematical models describing the processes of spreading
new products or innovations in society. Proposed by Frank M. Bass in 1969, it
serves as a theoretical foundation for analysing the dynamics of diffusion in the
market. It is an analytical tool for forecasting the pace and scope of innovation
adoption, as well as identifying factors influencing this process. According to the
Bass model, diffusion unfolds over time and encompasses various phases, as
described by the author’s differential equations. These equations account for
both the rate of independent innovation adoption and the rate of adoption under
the influence of others.

John D. Sterman (2000) implemented the Bass model within the framework of
system dynamics. Sterman’s model (Figure 13) integrates feedback loops be-
tween word-of-mouth – understood as social exposure and mimicry -and the
advertising effect, which acts as an external driver of knowledge, awareness, and
adoption.

The Bass model assumes that the diffusion process takes place through two
main pathways: innovators influence their environment by encouraging others to
adopt the innovation, while later adopters decide to adopt the novelty under the
influence of observation of others and social learning and external stimuli -two
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independent sources of innovation. Therefore, the total adoption rate, as de-
scribed in the AR model, can be represented by relationship (3-1).

AR ¼ Adoption from Advertising þ Adoption from Word of Mouth (3-1)

The first stage of the energy transition process involves introducing the in-
novation to themarket. At this initial stage, the innovation is not yet known to the
public, so the population of adopters is zero. This means that the only source of
adoption will be the first component of equation (3-1) external influences.
Adoption at this phase primarily depends on external influences, particularly the
effectiveness of advertising (a), which is measured as adoption rates from ad-
vertising (3-2):

Adoption from Advertising ¼ aP ¼ 1
time period

P (3-2)

The impact of advertising is most significant during the initial stage of the
innovation diffusion process and diminishes as the pool of potential adopters
shrinks. At the same time, the population of adopters increases, leading to the
growth of the second component of equation (3-1), adoption through word-of-
mouth. This component depends on factors such as the total population (N), the
fraction of adoptions (i) and the contact rate (c), according to relation (3-3):

Adoption from Word of Mouth ¼ ciPA
N

¼ ciPA
P þ A

(3-3)
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Figure 13. Bass diffusion model (Sterman, 2000, p. 333)
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As the user population grows, the pool of naturally diminishes. Consequently, the
influence of advertising on adoption rates decreases, while adoption through
word-of-mouth increases. This pattern aligns with the logisticmodel of diffusion,
as illustrated in Figure 6 (Sterman, 2000).
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Chapter 6.
Modelling Peer Effects

Peer effects as a mechanism of social learning for the diffusion of green energy
technologies have attracted the interest not only of researchers dealing with
pedagogical or social issues but also of researchers dealing with modelling social
relations and interactions also of the researchers using tools of system dynamics
play a significant role. This chapter presents examples of modelling and ana-
lytical approaches to the phenomenon of peer effects in the context of green
transformation. Due to the research context of this monograph, the focus has
mainly been on European examples.

Merla Kubli from Switzerland should be mentioned among European re-
searchers modelling the adoption of individual energy systems. The researcher,
along with co-authors, has presented successive model proposals considering
social learning as a learning effect (see Figure 14) and in the subsequent model as
a peer effect (see Figure 15).

Figure 14. Model with representation of feedback loops (Kubli & Ulli-Beer, 2016, p. 75)



According toM. Kubli’s proposition (Kubli&Ulli-Beer, 2016; Kubli, 2018; Zapata
et al. , 2019), peer-interaction-based learning constitutes a significant component
in perceiving the benefits of individual energy generation as a self-consumption
concept (Bollinger & Gillingham, 2012). Therefore, in the model of the techno-
logical innovation diffusion, it has been incorporated into the peer effect feed-
back loop (see Figure 15). This feedback loop depicts the investor’s decision to
acquire a photovoltaic installation as a result of the positive influence of
neighbours who own a similar installation. Consumer awareness and knowledge
levels regarding renewable energy-based systems increase with a greater number
of installed systems in individual households. In this model, therefore, the au-
thors assume that a higher level of awareness resulting from exposure to ad-
vertising and the visibility of neighbouring installations, as well as a higher level
of information acquired in social learning, leads to a more positive evaluation of
the technological solution.

In M. Kubli’s model, the learning effect (alternatively, the peer effect) is de-
termined based on a constant variable, employing the concept of the peer effect
coefficient proposed by B. Bollinger and K. Gillingham (2012) according to the
linear relationship (4-1):

learning effectX ¼ ðshare consumers of concept X �
learning effect coefficientÞ þ 1 (4-1)

Figure 15. Fragment of M. Kubli’s model (Zapata Riveros et al. , 2019, p. 3)
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The methodology for determining the learning effect coefficient of 0.78, as de-
scribed earlier in this chapter, used the location of homes with PV installations in
the US determined by postal codes (Kubli & Ulli-Beer, 2016).

As Merla Kubli and Sanket Puranik suggest “the network effect design option
“peer and community effect” highlights the fact that innovations not only spread
through their pure functionality and cost benefits, but also through theway social
processes play a role in innovation diffusion. People tend to get inspired by their
peers and only for this reason evaluate a product differently. Belonging to a
community can be a powerful feeling. An energy community can create a com-
munity feeling that awakens the desire to join this group of people. Network
effects can cause a lock-in effect, where people enjoy the social benefits of the
energy community and are reluctant to change to new/other solutions” (Kubli&
Puranik, 2023, p. 8)

Another model considering social learning during the decision-making
process regarding the adoption of solutions based on renewable energy sources
was presented by Sujeetha Selvakkumaran and Erik O. Ahlgren (2018) and de-
veloped for the Swedish market. This model defines the adoption rate as a
function of interaction between potential households (single- or multi-family
residential buildings) where photovoltaic systems have not been installed and
households that have adopted photovoltaics (Figure 16), also treated as com-
munication channels in the model.

The presented model is theoretical, as the authors did not conduct simu-
lations, which would allow to perform a quantitative analysis of the relationships
between individual variables. The researchers adopted a bottom-up approach,
considering a specific case of the local energy transformation process (case
study), and then attempting to generalise it using a hybrid approach. The aim of
such an approach was to gain a complete understanding of social interactions in
the process of co-creating local energy transformations, rather than their
quantitative dependencies within the diffusion of photovoltaic solutions (Sel-
vakkumaran & Ahlgren, 2018).

An interesting observation from the analysis of existing system dynamics
models dedicated to the adoption of solutions based on renewable energy sources
is that learning is often depicted as a supporting factor in the diffusion of in-
novation. In the model byMiladMousavian et al. (2020), they define the learning
effect loop as reinforcing (see Figure 17 and Figure 18).

According to the authors’ proposal, an increase in installed capacity leads to
greater knowledge and experience in using renewable systems. This reduces the
cost of capital, thereby accelerating return on investment. Simultaneously, higher
returns on investment reinforce the willingness to invest in renewable resources,
resulting inmore applications for investment funding, an increase in the number
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of investments, and subsequently, the cumulative installed capacity of devices
(Mousavian et al. , 2020).
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Figure 16. The model proposed by S. Selvakkumaran i E.O. Ahlgren (2018, p. 11)
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Figure 18. The learning effect loop proposed by M. Mousavian et al. (2020, p. 1255)

Figure 17. The model proposed by M. Mousavian et al. (2020, p. 1256)
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Conclusions

Social learning, as demonstrated in this monograph, occurs in diverse ways,
evolvingwith social changes and technological advancements, as communication
channels among people also evolve. Introducing technological innovations to the
market, especially those aimed at environmental protection and combating or
mitigating climate change, requires not only educating society but, above all,
planning these actions in a more comprehensive manner.

The need for raising awareness in society applies to both consumers and
producers, distributors of technological innovations, and, importantly, local or
national authorities who should consistently include well-planned educational
activities in local policies. Responsibility for environmental education lies on
both sides of these actions. Understanding the processes of social learning, which
lead to greater acceptance of environmentally friendly solutions, as well as those
that hinder the implementation of positive changes, significantly impacts the
quality of our lives. Unfortunately, we still contend with conflicting interests
among various groups of stakeholders, including potential conflicts of interest
between them. Therefore, education and environmental literacy play a crucial
role in ensuring sustainable development and achieving their goals (Sinha et al. ,
2020).

This monograph emphasises the role of social learning in the process of green
transformation because even the best innovation cannot be implemented if it
does not gain people’s acceptance. Considering social factors, including the
multi-level process of learning, is a significant element of planning social change.
The content presented in individual chapters will therefore hold significant value
for educators planning interventions based on mechanisms of social learning,
engineers designing innovative solutions, and individuals undertaking actions
for their implementation. The importance of education and pedagogical practice
is particularly emphasised here.

Importantly, the monograph is intended to support systems dynamics mod-
elling, a tool used to aid decision-making process related to local decarbonization
by visualising the potential effects or consequences of adopted choices. The tool



has a supporting role by presenting possible scenarios in a somewhat simplified
manner, based on an estimation of the scale of individual effects. It is not a
substitute for the deeper reflection necessary in such situations. As a mathe-
matical tool, it aids in estimating economic, social or environmental effects,
facilitating key decision-making. However, it does not encompass reflection on
the complex goals or competing interests of individual groups in society, such as
the economic gains of intermediaries or distributors of pro-environmental
technological innovations, or the political gains associated with local authority
camps and their public policies, including the economic benefits accruing to
these authorities. This tool can thus be seen as a socio-technical instrument. It is
important to approach it with caution, while acknowledging its educational value
and the potential for widespread implementation in various educational con-
texts.
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