Electronic Commerce Research (2023) 23:1183-1207
https://doi.org/10.1007/510660-021-09509-5

™

Check for
updates

Exploring the development of environmentally sustainable
products through reward-based crowdfunding

Filippo Corsini'® - Marco Frey'

Accepted: 24 August 2021 / Published online: 2 September 2021
© The Author(s) 2021

Abstract

Literature on crowdfunding is rapidly expanding by exploring typologies of crowd-
funding projects, success factors of the projects, and how success factors might
change depending on the project typologies. Firstly, based on the literature that
suggests crowdfunding platforms provide a good alternative for financing innova-
tive ideas, the present exploratory research aims to analyze how the crowdfunding
instrument has been used in supporting the development of sustainable products.
Secondly, based on researches that focus on success factors of crowdfunding cam-
paigns, the present work aims to explore the success determinants of projects devel-
oping sustainable products. The results of the investigation show that the impact of
crowdfunding in supporting the development and commercialization of sustainable
products is quite marginal and only a few successful projects showed a high impact
potential to contribute to the pathway to more sustainability by directing influencing
incumbents. Moreover, through an in-depth examination of the campaigns aimed at
developing sustainable products, we found that adopting just a generic keyword (i.e.
sustainable, ecologic) to describe a sustainable product might weaken the success
probability of the campaign. In light of the results achieved, the paper formulates
some managerial suggestions illustrating how crowdfunding platforms could stimu-
late the collection of more environmentally friendly projects.
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1 Introduction

In the last three decades, the increase in environmental pollution [1], global warm-
ing [2], depletion of natural resources [3], inadequate waste disposal [4], deforesta-
tion and loss of biodiversity [5] have become recurrent issues on the global agenda,
and the concept of environmental sustainability has started to emerge consistently
[6]. In general terms, the concept of environmental sustainability originates from
the definition of sustainable development provided by the World Commission on
Environment and Development: “meeting the needs of the current generation with-
out compromising the ability of future generations to meet their needs” [7]. In other
words, environmental sustainability could be defined as “a condition of balance,
resilience, and interconnectedness that allows human society to satisfy its needs
while neither exceeding the capacity of its supporting ecosystems to continue to
regenerate the services necessary to meet those needs, nor by our actions diminish-
ing biological diversity” [8].

In order to reach environmental sustainability on a global level, the role of busi-
nesses is relevant. Global environmental and industrial policies, during the last dec-
ades, have evolved accordingly as a means of optimizing the consumption of natural
resources and improving firms’ environmental performance [9]. Companies them-
selves are also recognizing the need to act on environmental sustainability due to the
increasing scarcity of many resources that for centuries were believed abundant and
thus exploited indiscriminately. Within this context, several approaches have been
adopted by firms such as industrial symbiosis (i.e. exchanges of waste or by-prod-
ucts between different companies) [10], sustainable open and closed-loop supply
chains (i.e. supply chains aiming at closing material flows thereby limiting resource
extraction and waste production) [11], waste minimization (i.e. waste management
approaches focusing on reducing the amount and toxicity of waste generated) [12] or
the use of recycled materials [13]. Since design represents a crucial phase in the life-
cycle of a product in which environmental performance can be strongly influenced,
several businesses have also started to introduce initiatives related to the design of
sustainable products. The goal of such approaches is to minimize the environmental
impact of a product during its entire lifecycle—from the acquisition of materials
to the production, the use to end of life management—without compromising other
essential criteria of the product such as functionality, performance, quality or other
technical aspects. Indeed, during such a phase, critical decisions are made on the
main characteristics of the product such as materials used, energy required, recycla-
bility and longevity [14].

As suggested by Ortas and colleagues [15], the lack of funding might repre-
sent a fundamental barrier to develop environmentally friendly projects, especially
related to the development of new products. Such a barrier is perceived in different
industrial sectors and different geographical contexts. For instance, Salo and col-
leagues [16] underlined the relevance of the lack of funding in developing environ-
mentally friendly products in textile and information technology industries in the
Nordic countries while Singh & Sarkar [17] reported the same problem (i.e. lack of
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funding) in developing new environmentally friendly products in an Indian ring and
piston manufacturing company.

In such context, crowdfunding (i.e. a mechanism where organizations attempt to
undertake a specific project relying on funding collected from other individuals) may
provide a large contribution to the development of environmental-oriented products.
Indeed, several authors [18, 19] support the view that crowdfunding financers are
moved by different types of motivation quite dissimilar from those of professional
investors, such as the wish to support environmental or social causes [20]. These
days, crowdfunding initiatives range from the support of cultural enterprises to aid
in response to humanitarian crises, from scientific research to more general, and
supporting any typology of innovation aimed at breaking down the traditional barri-
ers of financial investment.

Literature on crowdfunding is expanding rapidly at present time; however, studies
examining how the instrument of crowdfunding has been used for developing sus-
tainable products is currently under-represented in the literature [21, 22]. The pre-
sent exploratory research offers an opportunity to bridge this gap by analyzing pro-
jects concerning the development of sustainable products seeking financial support
in the two largest crowdfunding platforms to date (i.e. Kickstarter and Indiegogo).
In more detail, this exploratory research aims at making a first step in the analysis
of sustainable crowdfunding projects by exploring how reward-based crowdfunding
platforms are used to develop sustainable products by reducing barriers that busi-
nesses usually encounter in adopting such sustainability pathways (with a cluster-
ing analysis), and also exploring the success determinants of these projects (with a
logistic regression).

The paper is organized as follows: the next section provides a brief overview of
the field under analysis. In more detail, in Sect. 2.1 we reviewed the existing litera-
ture to classify different typologies of sustainable products; in Sect. 2.2 we reviewed
the relevant literature supporting how reward-based crowdfunding might sustain
the development of environmentally sustainable products and we formulated the
research question; then in Sect. 2.3 we reviewed the literature on success factors in
reward-based crowdfunding campaigns and we formulated hypotheses to be tested
in the field under analysis. The methodological section then provides information
about the data and the methodologies used to conduct the research. Results and dis-
cussions are presented in section three. Finally, the concluding section provides sug-
gestions on the role of crowdfunding in stimulating the collection of more environ-
mentally friendly projects.

2 Literature review

2.1 Environmentally sustainable product development

The transition towards environmental sustainability encompasses modes of produc-
tion and the consumption of products. In such context, sustainable products [23]

have gained increasing recognition over the last few years. Sustainable products are
ideated considering the whole lifecycle of a product and addressing environmental
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concerns related to production, consumption and dismantling [14]. The specific
objectives of product sustainability can vary according to the products; however, lit-
erature available in this field does identify different aspects that can be addressed.

Mestre & Cooper [24] suggest that a product, in order be environmentally
sustainable, should be made from low-impact materials. This means that a prod-
uct should be designed to foster efficiency in the use of resources, for example,
through the replacement of raw materials with renewable or recycled ones [25],
or through the reduction or elimination of materials that can be dangerous to the
environment (e.g. lead, mercury, chromium and cadmium) [26].

Another option when making environmentally sustainable products is to
design them to have the longest possible lifespan. This means designing prod-
ucts to be retained in the economic system as long as possible, whilst conserving
or improving their value during their entire life [27]. According to the avail-
able literature on the topic, products with a long life are designed to be durable
i.e. the product must take wear and tear without breaking easily [27]. Modu-
lar, upgradeable and easily disassembled products are also designed to have a
long lifespan [28]. Moreover, long-life products are designed to be repairable
(i.e. putting actions in place to ensure a damaged product can be repaired and
used again) [29] or regenerable/re-manufacturable which is an industrial process
that allows used products to become useful again through actions encompassing
replacement of parts or updating [30]. A product can also be grouped in such a
category if it is easily reusable, which means that the whole product or parts of
it can be used for other activities [31].

An additional way to make a product environmentally sustainable is to
develop it in a way that allows the materials to be continuously recycled into
new ones [27]. Allowing a product to be easily recyclable is also described in
the literature as “closing the loop” [32]. According to the literature [33] a prod-
uct or a component might be subjected to an upcycling process, which is an
approach that converts them into higher-quality materials and/or with increased
functionality. Alternatively, downcycling is an approach that converts a product
or a component into lower quality materials. Even if upcycling is the preferable
option, such a choice is not always possible. Similar to the concept of recyclable
products, some products are biodegradable or compostable [32]. Such products
are made of biological or organic materials that, at the end of their use, can
be safely returned to the biosphere without generating waste [34]. According to
Vert and colleagues, [35] biodegradability is the capacity of a certain product
to be degraded by biological activity, while compositing is the process, enacted
by microorganisms such as bacteria or fungi, where organic products or compo-
nents are biologically decomposed.

The last option for making an environmentally sustainable product is in
regards to containing the consumption of resources during the usage of the prod-
uct. Such an approach means designing a product to increase the efficiency in
the usage phase, for example by reducing the final user’s consumption of energy
[36] but also realizing a product that is fuelled by renewable energy sources
such as solar or wind power [37]. A product that is made for containing the con-
sumption of resources is also a product for which the material management is
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optimized for consumables or additional components that are employed during
its entire lifecycle [38].

In conclusion, the reviewed literature allows us to classify sustainable prod-
ucts in the following categories: products made from low-impact materials,
long-life products, recyclable products, compostable or biodegradable products,
and use efficient products.

2.2 Reward-based crowdfunding for supporting the development
of environmentally sustainable products

The term “crowdfunding” has been developed from the term “crowdsourcing”,
which describes a web-based innovative model that involves voluntary open collab-
oration in the development of creative products or solutions [39]. Crowdfunding has
been defined by many authors [40—42] as a mechanism where individuals, firms or
general organizations attempt to undertake a specific project relying on funding col-
lected, usually with the help of an internet platform, from other individuals.

Belleflamme and colleagues [18] have identified different forms of crowdfunding
typologies distinguishing between “non-investment-based models” and “investment-
based models”. According to the authors, “non-investment-based models” groups’
crowdfunding campaigns can be either donation-based or reward-based. The dona-
tion-based model is characterized by individuals wishing to support a determinate
project making donations to the campaign without expecting anything in return.
Marchegiani [43] claims that such support is based on a sort of “micro-mecenatism”
attitude of individuals. Donation-based crowdfunding campaigns are quite often
adopted for financing either philanthropic or particular research projects [44].

The reward-based model, on the other hand, is based on an agreement in which
the supporter of a campaign has, in return for a financial contribution, a non-finan-
cial benefit generally fixed in advance by a proponent of the campaign. Gener-
ally, most reward-based crowdfunding campaigns offer the possibility to pre-order
a product in advance before it is available to the general public [18]. Nowadays,
most known platforms for hosting crowdfunding campaigns, such as Kickstarter and
Indiegogo, adopt mainly a reward-based model [43]. In more detail, in Kickstarter
and Indiegogo platforms’ project creators choose a deadline and a minimum funding
goal for their project. To thank their financers for their support, project creators offer
a reward, that generally consists of gaining access to a product before it is avail-
able to the general public. Both platforms operate under an “all-or-nothing rule” by
which project creators only receive money if the total amount raised by the end of
the campaign is either equal to or exceeds the minimum funding goal identified at
the beginning of the campaign.

According to Belleflamme and colleagues [18], there are also other typologies of
crowdfunding activities that can be grouped as “investment-based models”. These
can be differentiated as lending based, royalty-based, or equity-based. In such mod-
els, individuals are offered a share of the future profit in exchange for an in-advance
economic contribution.
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Literature on the topic suggests that crowdfunding platforms, especially those
based on a reward-based model, provide a good alternative for financing innovative
ideas and products that might have been difficult to develop with traditional financ-
ing channels [45—47]. In contrast with traditional financing instruments, crowdfund-
ing financers can be pushed, for instance, by the willingness to support an envi-
ronmental cause instead of the mere financial outcome, then bear higher risks for
supporting an innovative project [20].

Reward-based crowdfunding platforms can represent a good alternative for devel-
oping sustainable products by reducing barriers that, in general, businesses encoun-
ter when adopting a sustainability pathway. Research conducted by Van Hemel &
Cramer [48] assessed the barriers to sustainable product development strategies
in firms. The authors identified that the main barrier is the presumption that some
types of sustainable products have not yet been requested by customers. This leads
to the suggestion that firms perceive environmental customer demands as one of the
most important drivers for starting a sustainability pathway. Given the necessity that
firms understand the interest of consumers in advance, the contribution of crowd-
funding platforms might be relevant. Indeed, a crowdfunding campaign can serve
as a marketing research tool. A crowdfunding campaign relies on individuals com-
mitting their own money to risky projects, thus informing the project creators about
the market potential of the newly proposed product ideas. It also serves to pre-test
the market uptake of a potential new product [49, 50]. On the other hand, a reward-
based campaign might serve as a signaling instrument to highlight market uncer-
tainty for a certain product [51].

More recently, Rousseaux and colleagues [52] also explored the barriers to sus-
tainable product development strategies in firms. In this instance, the authors identi-
fied a lack of economic resources as a relevant barrier for the implementation of
sustainable product development strategies, especially in SMEs. They also noted
that the contribution of crowdfunding platforms might be relevant as instruments
that allow advance-selling of a product. Many reward-based crowdfunding platforms
allow a pre-ordering mechanism on products that can stimulate sales in the first
stages of product development (even a prototype), thus financially supporting the
further development of the product [19].

Finally, Rossi and colleagues [53] explored the barriers to sustainable product
development strategies. The authors suggest that several companies manifest prob-
lems in identifying the environmental aspects to address in product development,
and have difficulties in matching functional product requirements and sustainability
goals. Crowdfunding platforms, as tools for helping to collect feedback on products,
might be relevant as instruments to reduce such barriers. Indeed, having prompt
feedback from their customers could help them to address these issues by adopting
a sort of co-design process. Co-design has been defined as the “collective creativ-
ity as it is applied across the whole span of a design process.” [54] In other words,
a process in which product designers use the ideas generated by others as sources
of inspiration and innovation. Many crowdfunding platforms allow direct interac-
tion between project creators and financers, and such interaction might represent a
good instrument for stimulating co-design and receiving useful feedback on how
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to improve the product by suggesting how to incorporate relevant environmental
enhancements [55].

Considering the aspects presented above, crowdfunding might represent a
remarkable channel for financing and developing sustainable products for different
categories of environmentally oriented firms like the ones proposed in the frame-
work by Schaltegger [56, 57] and Petersen [58]. In such a framework, entrepreneur-
ial activities are distinguished between activists, bioneers and ecopreneurs. Activists
are non-professionals who crowdfund in their leisure time. Bioneers aim at being
profitable ventures but are operating in market niches and thus serving the specific
customer needs of these niches. Finally, ecopreneurs run conventional companies
and aim at high and growing market shares. Crowdfunding initiatives, allowing pro-
jects ranging from individual designers and inventors to large corporations that want
to test new product ideas, can be managed successfully by activists, bioneers and
ecopreneurs.

Unfortunately, at the present time research on this topic is still underrepresented
in the available literature. Yet in the last few years, several conceptual studies have
started to appear on the topic. For instance, Petruzzelli and colleagues [21] concep-
tualized the implications of crowdfunding for sustainability by providing a guide to
better understand the relevance of the crowdfunding phenomenon for sustainable
initiatives. Testa and colleagues [22], also with a conceptual study, discussed how
crowdfunding might represent a novel socio-technical practice with the potential of
upscaling and transforming financial and sustainability regimes. However, empiri-
cal research is still missing. An interesting investigation has been conducted by
Vismara [59] analyzing equity crowdfunding. The author provides evidence of the
attractiveness of sustainability-oriented ventures in equity crowdfunding; moreover,
he suggests that although sustainability orientation does not increase the chances of
success in engaging professional investors, it attracts a higher number of restricted
investors.

So far, to the best of our knowledge, there is no empirical research investigating
the contribution of reward-based crowdfunding to sustainable product development.
Given the framework presented above, the research question addressed in the paper
is:

RQ1 How has the crowdfunding instrument been used in the development of envi-
ronmentally sustainable products?

2.3 Success factors in reward-based crowdfunding campaigns

Previous research has investigated how certain project characteristics might influ-
ence the success of a crowdfunding initiative. There are studies explicitly focusing
on whether the depth of information disclosed about the project might determine the
funding success [60, 61]. Other studies focused more on general project character-
istics such as the amount requested and the length of the campaign [62—64]. Finally,
other researchers focused on both aspects [65]. Success factors of crowdfunding
campaigns were also investigated in relation to different typologies of projects. For
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instance, Cordova and colleagues [66] investigated the success of technology-related
projects, Beier & Wagner [67] in tourism-related projects, de Larrea and colleagues
[68] on the success of restaurant crowdfunding. As the determinants of success in
crowdfunding campaigns for the development of sustainable products have not been
explored by the literature yet to the best of our knowledge, the present research also
aims at bridging this gap.

Several researchers investigated how the amount requested in the crowd-
funding campaign could predict the success of the initiative [63, 66, 69]. Those
researchers agree that there is a negative correlation between the funding goal and
the probability of success. Indeed, it has been noticed that the amount requested
is a proxy variable of the complexity of the project and more complex projects
require greater confidence of financers in supporting the project, and thus to the
probability of collecting less funds [65]. To assess if the amount requested nega-
tively influences the success of crowdfunding campaigns in supporting the devel-
opment of a sustainable product, we formulated the following hypothesis:

H1 The amount requested in a crowdfunding campaign for supporting a sustainable
product is negatively related to the success of the initiative.

Another factor generally investigated in assessing the success of a crowdfund-
ing initiative is the duration of the campaign. Most of the research on the topic
suggests a negative influence of the variable on the success of the project; the
longer the funding period, the less likely the probability of success [61, 63, 65].
However, in this case the literature available on the topic is not completely in
accordance. For instance, Cordova and colleagues [66], in analyzing more than a
thousand technology projects hosted in several different crowdfunding platforms,
highlighted that project duration increases the chances of success. In the field
under investigation, in order to assess how the duration influences the success of
crowdfunding campaigns, we therefore formulated the following hypothesis:

H2 The duration of the crowdfunding campaign supporting a sustainable product is
negatively related to the success of the initiative.

Some of the previous studies exploring the success of crowdfunding initia-
tives are grounded on the information diagnosticity theory. This theory suggests
that the more a webpage provides sign in helping consumers to reduce the barri-
ers and bias emerging from the absence of physical assessment of a product, the
more the information provided is perceived as diagnostic for the ability to facili-
tate a decent evaluation of the real quality of the product [70, 71].

In more detail, the information diagnosticity theory explores whether the
amount of information published has a positive influence on the sale of a product
or not [72]. In crowdfunding campaigns, project creators are used to publishing
a description about the product itself and the overall process leading to the reali-
zation of the product. In such a way, potential financers are facilitated to assess
the project and support their funding decision. Previous research investigating the
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general success factors of crowdfunding projects generally agrees that the longer
and more complete the description of the project is, the higher is success prob-
ability [73, 74]. In the context under investigation, to the best of our knowledge,
such a relationship between information diagnosticity and success has not been
investigated. Therefore, the following hypothesis can be formulated:

H3 The number of words used to describe the project campaign for supporting a
sustainable product is positively related to the success of the initiative.

Research grounding on the information diagnosticity theory also suggests that it
is not only the amount of textual information published that has a positive influence
on the sale of a product. For example, Ozdemir and colleagues [75] suggest that
utilizing images and videos by indicating the crowdfunding plans can help to better
depict funding initiatives and might be very appropriate in ensuring the success of
the project.

When it comes to an environmentally sustainable product, a technical description
made with some specific keywords of the materials used (e.g. recycled) or the tech-
nical characteristics of the product itself (e.g. durable, energy-efficient) could better
represent the relevant information for a crowdfunding campaign. In detail, adding
specific terms (e.g. recycled, durable, energy-efficient) might facilitate the evalua-
tion of the environmental qualities of the product and stimulate confidence that sup-
porting the product will also be good for the planet, thus encouraging potential sup-
porters’ funding decision grounding on their environmental awareness.

On the one hand, the environmentally friendly soundness of a project can be
expressed by some generic keywords (i.e. sustainable, ecologic) that do not provide
much information as to the environmental characteristics of the product. This typol-
ogy of generic labeling also happens widely with the promotion of regular prod-
ucts [76]. On the other hand, the environmentally sustainable characteristics of a
product can be described in detail mentioning specific keywords (e.g. repairable,
made of recycled material). Such precise information could better support the evalu-
ation of the attributes and the actual quality of the product, and be helpful in the
decision-making.

General research on crowdfunding, grounding on the information diagnosticity
theory, only tested whether the amount of text and the presence of images or vid-
eos have a positive influence on the sale of a product. For this reason, aiming also
at contributing to the information diagnosticity theory, we propose the following
hypothesis to be tested:

H4 There is a positive relationship between the adoption of specific keywords

describing in detail the sustainable attributes of a product and the success of the
crowdfunding initiative.
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3 Data collection and methods
3.1 Data collection

Data related to the projects seeking financing support on Kickstarter and Indiegogo
was retrieved using the data provided by Webrobots.io [77] which is a web scraping
company that has datasets of Kickstarter and Indiegogo projects starting in 2009.
Data available consists of features such as Name of the project, short description of
the project, date of launch of the project, deadline of the project financing campaign,
main category of the project, country of origin of proponents, currency, number of
campaign financers, amount raised by the campaign, amount requested in US dol-
lars in the crowdfunding campaign, final status at the end of the campaign (funded
or not) and the project link (useful to retrieve other relevant information like the
description of the project). The datasets contain in total more than 200.000 projects
for the period from 2009 to 2020.

In order to identify projects aimed at the development of products only and
excluding, for instance, campaigns for supporting the environment, a first selec-
tion of projects has been undertaken using the categories that both Kickstarter and
Indigogo utilized to divide the projects.

Then, a set of keywords, grounded on the literature review on sustainable prod-
ucts presented in Sect. 2.1, were used to identify only projects pertinent to the inves-
tigation. In detail, the search procedure was conducted by seeking those keywords in
the fields related to the name of the project and the description of the project. More
in detail, the keywords used were those presented in Table 1.

Moreover, in order to intercept the more generic projects, the keywords “ecolog*”
and “sustainabl*” were used.

The filtering process adopted allowed us to identify 3082 projects strictly related
to sustainability published on both platforms from 2009 to 2020. Such a small
amount (which represents about 1.5% of the total projects published on both plat-
forms) underlines the paucity of projects supporting the development of sustainable
products in such a time frame.

Table 1 Keywords used to retrieve projects on Kickstarter and Indiegogo databases

Sustainable product specifications Support references Keywords adopted for searching projects
Products made from low impact materi-  [24-26] biol*, recycled, renewable material*
als

Long-life products [28-31] durab*, repair*, remanufactur®,
upgradab*, modular*, reusab*, disas-
semb]*

Recyclable products [32,33] recyclab*

Compostable or Biodegradable products  [32, 34, 35] compostab*, biodegradab*

Use efficient products [36-38] energy efficien®, renewable energy
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3.2 Clustering procedure

In order to gain a more in-depth understanding of how the crowdfunding instrument
has been used in the development of sustainable products, the projects identified
were classified using a cluster analysis. In detail, the variables have been used to
divide the project into clusters, as follows:

(1) Number of campaign financers. This information is described by a continuous
variable representing the number of financers that decide to financially support
a certain project by bearing a risk and expecting a final reward.

(2) Amount raised by the campaign (i.e. contribution raised by the campaign). Such
information is represented by a continuous variable illustrating the amount (in
US dollars) of the contribution payments made by the financers to support the
campaign via a regular bank payment or a micropayment provider.

(3) Amount requested in the crowdfunding campaign (i.e. the goal). Such informa-
tion is represented by a continuous variable depicting the target of the crowd-
funding campaigns. Indeed, such campaigns should advertise a target for the
amount of money they want to raise.

(4) Project status. A binary variable has been constructed to represent the final state
of the project: successful or unsuccessful. For successful projects, the variable
was set equal to 1, while for unsuccessful projects it was set equal to 0. It has to
be specified that in the investigation it has been decided to only consider pro-
jects that ended the collection campaign and to exclude those projects still live,
canceled or suspended.

(5) Sustainability keyword specificity. A binary variable was constructed upon the
above-mentioned keywords identified to collect the projects, which allowed us
to differentiate between projects adopting fairly generic sustainability keywords
(i.e. sustainabl*, ecolog*) and those adopting rather more specific sustainability-
related keywords (e.g. biol*, recycled, renewable material*, repair*). In more
detail, for projects just adopting the generic keywords sustainabl* and/or ecolog*
the variable was set equal to 0, while for the projects adopting a more specific
sustainability-related keyword for describing the project (e.g. biol*, recycled,
renewable material*, repair*) the variable was set equal to 1.

By identifying homogeneous groups of projects, this approach is useful in
describing how the crowdfunding instrument has been used in the development
of sustainable products. Each cluster is mutually exclusive and has the maxi-
mum differentiation between project groups and the maximum homogeneity
within each project belonging to the same group [78]. According to Makles [79],
when the number of clusters is unknown, the best option to assess the optimal
number of clusters is computing and comparing different solutions, using two
approaches to detect the optimal cluster:

(1) A scree plot and search for a kink in the curve generated from the within the sum
of squares (WSS) or its logarithm [log (WSS)] for all cluster solutions.
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Fig. 1 Assessment of the best clustering option

(2) Assessing the h2 coefficient or the proportional reduction of error (PRE) coef-
ficient [80].

Figure 1 highlights that five clusters represent the optimal solution. Then, a
K-means clustering approach was used to allocate the 3082 projects into five
clusters. K-means is a clustering approach that divides observations into clusters
so that each observation belongs to the cluster with the nearest mean. K-means
clustering also specifies the number of clusters and is especially useful when
grouping cases with similar characteristics [78].

3.3 Multivariate regression analysis

To test the hypotheses and also to better understand the success determinants of sus-
tainable projects, a logistic regression analysis has been conducted. Regression analysis
allows for investigation of the relationships between a dependent variable and several
independent variables, indicating if the independent variables have a significant rela-
tionship with the dependent variables and the relative strength. Logistic regression is
then used to model dichotomous outcome variables.
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In regression analysis, two variables may be in a perfect linear combination with
one another. This problem is called multicollinearity, and if it increases the regression
model estimates, the coefficient becomes unstable and the standard errors for the coef-
ficient may be inflated. Thus, the presence of collinearity by computing the tolerance
and variance inflationary factors (VIFs) for all variables was checked as suggested by
O’Brien [81]. Low variance inflation factors (<2.0) and a VIF less than 5 revealed that
multicollinearity was not present in the empirical model.

4 Results and discussion
4.1 Cluster taxonomy

This section presents the results of the cluster analysis. It shows how the projects
were distributed into the clusters and provides a description of clusters using the
literature available. The composition of the five clusters in terms of projects is pre-
sented in Table 2, while Table 3 shows some descriptive statistics of the five clusters.

Cluster 1 is characterized by a small percentage of projects not financed with
smaller than average support received both in terms of amount raised in the cam-
paign and the number of financers. Projects grouped in this cluster are also marked
by a sensibly over-average amount requested in the crowdfunding campaign. It is
interesting to note that all of these projects adopted quite generic sustainable key-
words to describe their product. Literature on crowdfunding [82] suggests that
first-time crowdfunders might often be biased with an availability effect, and as a
consequence are likely to identify excessively optimistic amount requests for their
projects. The availability effect refers to the tendency to judge events to be more
likely or frequent when instances thereof come more easily to mind [83]. In recent
years, crowdfunding has been receiving consistent attention from the media, and
examples of successful campaigns are often overrepresented. First-time crowd-
funders can thus be biased in estimating the likelihood of success and the number
of resources that can feasibly be raised through crowdfunding and be over-optimistic
for their product. Checking the number of campaigns started by the project proposer
in this cluster confirms this interpretation. Such behavior easily fits with the adop-
tion of a quite generic sustainable keyword. Indeed, also in recent years, the demand
for environmentally friendly products has steadily grown in customer and consumer

Table 2 Composition of the five

| Cluster n° Number of Percentage (%) Cumulate
clusters projects percentage
(%)
1 27 0.88 0.88
2 1110 36.03 36.90
3 88 2.86 39.76
4 421 13.66 53.42
5 1435 46.58 100
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expectations [84, 85], and the bias of first-time crowdfunders can be increased when
they aim at commercializing high-demand products such as sustainable ones. For
all the reasons presented above the cluster can be named as “First-time sustainable
crowdfunders”.

Cluster 2 groups a relevant percentage of projects successfully financed with
slightly higher than the average support received, both in terms of amount raised
in the campaign and number of financers. Projects grouped in this cluster are also
marked by a slightly above-average amount requested in the crowdfunding cam-
paign. It is interesting to note that all of those projects adopted quite specific key-
words to describe their sustainable product. As presented in Table 4, the majority
of the projects in this cluster were aimed at supporting mainly the development
of long-life products (58.28%) and products made from low-impact materials
(29.01%). There are then smaller percentages of recyclable products, composta-
ble or biodegradable products, and use efficient products. Projects grouped in
this cluster can be interpreted adopting a framework for differentiating categories
of environmentally oriented entrepreneurship proposed by Schaltegger [56, 57]
and Petersen [58]. Horisch [86], adopting such a framework for differentiating
sustainable crowdfunding projects from two German platforms found that most
of them can be identified as bioneers. The characteristics of projects grouped in
cluster 2, in terms of the amount raised by the campaign and number of financers,
seem consistent with projects for market niches. A relevant example of a product
made from low-impact materials belonging to this cluster is represented by the
one developing technical outerwear realized with a recycled fabric. The nature
of the product fits well with the idea that these products might be addressed to
market niches serving specific customers. For these reasons the project cluster
can be named “Crowdfunding bioneers”; and they can contribute to a sustain-
able transition by means other than directly influencing incumbents. For instance,
their activities can serve as benchmarks demonstrating that higher levels of sus-
tainability in some fields are possible [56].

Cluster 3 is represented by a small percentage of projects financed with sensibly
above-average support, received both in terms of amount raised in the campaign and
number of financers. Projects grouped in this cluster are also characterized by an
overall average amount requested by the crowdfunding campaign, which suggests
that such a target was rationally set [87]. These projects, that significantly outper-
form the others, seem quite similar to the “blockbuster projects” identified by Liu
and colleagues [88] and thus extremely successful, influential and might exhibit
positive spill-over effects. It is interesting to notice that all of these projects adopted
quite specific sustainability keywords to describe their product. Digging deeper in
this cluster, the majority of the projects aim at supporting mainly the development of
long-life products (65.77%) and products made from low-impact materials (20.45%),
while a smaller percentage are developing energy-efficient products (13.6%). Finally,
none of the projects support the development of recyclable products and composta-
ble or biodegradable products. A relevant example of a long-life product among the
projects grouped in this cluster can be represented by a microwave-to-erase, digitally
connected notebook that can be reused many times thus avoiding the necessity to
produce additional notebooks and reducing the generation of waste as well. Another

@ Springer



F. Corsini, M. Frey

1198

00001 00°001 00°00T1 00°001 00001 [e101,
¢ oL's 000 000 Ut x80[002
(4% ¢4 0¢'¥6 000 000 88'88 x[qeureisns SpIoMAaY dLIoUdL)
6¢'Y 000 000 660 00 AS10Ud S[qeMaUAT
LS8 000 8L'€ET 42 00 xUaI0hJo A310U9 syonpoid Juarone 9s)
LLO 000 000 (44 00 «qepe1sopolq sjonpoxd oqepeis
€90 000 000 80'1 00 «qeisodwod -aporg 10 d[qeisodwo))
91 000 000 €v'e 00 «qB[OKdaI syonpoid a[qe[ohoey
y1°0 000 000 €90 00 #[qUISSSESIP
6y 000 6l 16'6 00 «qesnax
696 000 6S°1¢C LT0C 00 Te[npoN
v1°0 000 000 LEO 00 xqepeisdn
000 000 000 000 00 Imoeynuewar
€L°01 000 S At SO+C 00 «9[qelnp
1449 000 e we 00 sdredar syonpoad 9j1[-3uo
000 000 000 £€9°0 00 «[BLIOJRW 9]qBMIUI
0C'Cl 000 So'L 1061 00 popkoay s[errew Jorduwt
csel 000 0scClI LE6 00 «[01q  MO[ WOIJ 9pew S}oNpoid
®) %) ) %) s1afoxd
(%) .seapt Ay[iqeureisns S1ouuim Ased o[qe JoSueyo owed A)jiqe  S199u0Iq SuIpuny SIOpUNJPMOID J[qeUIE] Suryoreas 10§ uoneoyroads
[euoAIquig,, G I9)SN[D)  -UIBISNS,, 4 19ISN[D) -UIBISNS,, € 10ISN[D)  -PMOID,, 7 IISN[D  -SNS dWN-ISIL, | Joysn[)  pardope spromAay] jonpoid o[qeureisng

S19)sN[0 2AY ) 10§ sponpoid s[qeure)sns jo aInjeN 4 3|qeL

pringer

As



Exploring the development of environmentally sustainable... 1199

example of a product made from low-impact materials is represented by a jumper
made of spent coffee grounds and recycled plastic from bottles that are used to cre-
ate the fibers of the wearable. These successful campaigns that pioneer the develop-
ment of a sustainable product act as market validators and may encourage emulators
to enter the market and also incrementally develop the product, as has happened in
many successful campaigns [88, 89]. The motivations presented before the cluster
can be named as “Sustainability game changers” considering the fact that the cluster
group’s few projects have a high impact potential on the development of sustainable
products.

In cluster 4 we have grouped 421 projects successfully financed with a slightly
lower than average support, received both in terms of amount raised in the cam-
paign and the number of financers. These projects are also characterized by a
slightly lower than average amount requested for the crowdfunding campaign.
Mollick [63], analyzing the dynamics of Kickstarter projects in terms of success
and failure, suggests that most of the successful projects are quite small in terms
of amount requested, with only a few thousand dollars in funding. The tendency
to set quite a low amount of money can be explained by the rules of Kickstarter
and Indiegogo to release funding on an all-or-nothing basis and thus making small
projects relatively easier to plan and win. The clustering procedure assigned to
this cluster, in this case, only includes projects adopting quite generic sustainable
keywords to describe their product. As suggested for cluster 1, this can be attrib-
uted to the willingness of project creators to ride the wave of sustainability that
is encountering a large number of customers at the present time. For instance,
several projects belonging to this cluster have been related to the development of
sustainable clothing (i.e. jumpers, t-shirt, scarfs) All of these campaigns intro-
duce their product as “sustainable” or “ecological” without providing much more
information. For all the reasons explained above, the cluster group can be named
“Sustainable easy winners” projects.

Finally, cluster 5 groups a relevant percentage of projects not financed. These
projects present the lowest values in respect of the average amount of support
received, both in terms of amount raised in the campaign and number of financ-
ers. Projects grouped in this cluster are also marked by a slightly lower than aver-
age amount requested in the crowdfunding campaign. It is interesting to note that
several (72.0%) of these projects adopted quite specific keywords to describe their
sustainable product. Exploring the contribution towards sustainability that these
projects attempted, the majority of them related to long-life products (30.52%),
followed by products made from low impact materials (25.71%) and use efficient
products (12.96%). Only a small number of projects aspired to contribute to the
development of recyclable products (1.46%) and compostable or biodegradable
products (1.40%). The patterns presented by projects grouped in cluster 5 are
consistent with the dynamics described by the seminar work of Mollick [57], sug-
gesting that in crowdfunded projects “failures happen by large amounts”. Indeed
in cluster 5, the projects that failed reported an overall mean amount funded of
15.2% of the goal. The relevant literature on crowdfunding suggests that quality
of the projects is a strong determinant of the success of the campaigns [90, 91].
Quality, in the case of crowdfunded products, is related to the functional aspects
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of the products themselves that can be reflected by an accurate description, a
detailed explanation of the functionalities, and also by a precise definition of the
development stage of the idea. In conclusion, it can be argued that the poten-
tial contribution to the development of sustainable products by the campaigns
grouped in cluster 5 is practically non-existent, either because the idea was found
to be in an embryonal stage or not meeting the adequate quality standards, or
because it not demanded by the market. For all the reasons mentioned above, the
cluster group can be named “Embryonal sustainability ideas”, not yet ready for
the market.

4.2 Predicting the success of sustainable products’ crowdfunding campaigns

This section presents the results of the logistic regression analysis, showing the fac-
tors that might predict the success of sustainable product campaigns. In particular,
this section aims at presenting the results of the research hypothesis investigating
the adoption of specific vs generic keywords in determining the success of a project.
The results presented in Table 5 show that all variables tested are significant drivers
in the success of a sustainable crowdfunding initiative. In line with previous research
[63, 66, 87], there is a significant negative correlation between the funding goal and
the probability of success, supporting that an increase in the project funding goal is
correlated with a lower probability of success. Therefore, H1 is supported.

Regression results also show that the duration of the crowdfunding campaign
(in days) has a negative and significant influence on the success of the project; the
longer the funding period, the less likely the success probability [61, 63, 65]. Hence,
H2 is also supported.

The number of words used to describe the project represents the method by which
the project launchers stimulate and persuade potential supporters of the project. Also
in this case, as for other research in the field [73, 74], there is a significant and posi-
tive relationship between the variables. The longer the description of the project, the
higher its success probability. Consequently, H3 is also supported.

Finally, regression results confirm a positive and significant relationship between
the adoption of specific keywords for sustainable product descriptions (e.g. repair-
able, recycled) and the success of the initiative. The more generic the sustainable
keywords associated are (i.e. sustainable, ecologic), the lower the success probabil-
ity of the project. As a consequence, H4 is also supported.

5 Conclusions

This exploratory research analyses the contribution of reward-based crowdfunding
platforms (i.e. Kickstarter and Indiegogo) as financial instruments to support the
development of sustainable products. The search procedure adopted allowed us to
identify 3082 projects strictly related to sustainability which represents a relatively
small percentage (i.e. about 1.5%) of the total projects published on both platforms
since 2009. Relevant characteristics of the projects retrieved were identified using a
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clustering procedure and interpreted using the relevant literature in the field. Clus-
ter taxonomy allowed us to distinguish between five clusters: “First-time sustainable
crowdfunders”, “Crowdfunding bioneers”, “Sustainability game changer”, “Sustain-
able easy winners” and “Embryonal sustainability ideas”. Only 88 highly successful
projects (i.e. “Sustainability game changer”) can also be considered to have a high
impact potential to contribute to the pathway to more sustainability by directly influ-
encing incumbents.

Even if the results of the investigation showed that nowadays the impact of
crowdfunding in supporting the development and commercialization of sustain-
able products seems quite marginal, the potential of the instruments is enormous.
During the last few years, new crowdfunding platforms have emerged that were
specifically made for hosting projects that can achieve a sustainable impact. Rel-
evant examples are Oneplanetcrowd and TousNosProjets. In these cases, a mana-
gerial suggestion for the platforms on which the research is grounded would be to
introduce a specific project category for sustainable products. Project categories
are used by Kickstarter and Indiegogo to allocate projects in different sections,
and therefore improve their discoverability by potential supporters. Indeed, pro-
jects aiming at funding sustainable products might be overwhelmed by the other
ones, thus having lower visibility.

Moreover, the paper also contributes to the literature on success factors of
crowdfunding initiatives and the development of the information diagnostic-
ity theory. Even if there is much research providing a comprehensive view on
the factors explaining the success probability of a project, none of them have a
specific focus on the adoption of certain terminology for describing sustainable
products. In relation to this aspect, the present research underlines how adopt-
ing just a generic keyword (i.e. sustainable or ecologic) to describe a sustainable
product might weaken the success probability of the project. Taking all of this
into account, it seems that crowdfunding financers are quite aware of such issues
and therefore refusing to support products that are presented with some vague
claim of sustainability.

Despite the relevance of the results, there are some limitations to be acknowl-
edged. Firstly, the analysis relies on a set of keywords that should identify the pro-
jects seeking financial support on crowdfunding platforms that somehow address
sustainability. Even if the selection of these keywords has been made with the sup-
port of the relevant literature on sustainable product design, potential bias can be
nested in such an approach. Moreover, it has to be noted that neither platform (i.e.
Kickstarter and Indiegogo) performs any verification of the sustainability claims of
the projects hosted and this might have an impact on the analysis presented. In such
a context, future research can explore the role of greenwashing (i.e. an unethical
marketing practice where products are depicted as environmentally friendly with-
out fundamentally being so) that can be enacted in crowdfunding campaigns and
how crowdfunding platforms and financers are informed about the issue. Still, in
such context, a managerial suggestion for the platforms under analysis might be to
focus their efforts on developing a standardized procedure to verify the sustainabil-
ity claims of the projects.
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The analysis paves the way for additional research to be conducted in this field;
grounding on the numerous studies that already explore the interaction between
creators and financers [92] and the importance of co-design sustainable products
together with users [93]. Future research could investigate how crowdfunding pro-
ject creators might effectively interact with supporters in the development of sus-
tainable products. Finally, future research might also consider how the underlining
concepts of crowdfunding and sustainability have evolved, starting from the first
campaigns in 2009 until today.
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