
lable at ScienceDirect

Journal of Cleaner Production 242 (2020) 118052
Contents lists avai
Journal of Cleaner Production

journal homepage: www.elsevier .com/locate/ jc lepro
Exploring entrepreneurship related to the sustainable development
goals - mapping new venture activities with semi-automated content
analysis

Jannic Horne a, Malte Recker a, *, Ingo Michelfelder b, Jason Jay b, Jan Kratzer a, c

a Department of Technology and Management, Chair of Entrepreneurship and Innovation Management, TU Berlin, Strasse des 17. Juni 135, 10623, Berlin,
Germany
b MIT Sloan School of Management, 100 Main Street, Building E62, Cambridge, MA, 02142, USA
c National Research University Higher School of Economics, Moscow, 20 Myasnitskaya Ulitsa, Russia
a r t i c l e i n f o

Article history:
Received 19 February 2019
Received in revised form
5 August 2019
Accepted 14 August 2019
Available online 31 August 2019

Handling Editor: Cecilia Maria Villas Bôas de
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a b s t r a c t

It is widely agreed that humanity faces major sustainability challenges that require immediate action.
The Sustainable Development Goals (SDG) are the most recent political call for action in this direction. In
this study, we examine what role entrepreneurship in Germany plays in achieving the German SDGs.
Thus, we pick up the discussion on sustainable entrepreneurship as a lever for change and search for
empirical evidence that entrepreneurs in Germany identify and develop opportunities along the entire
SDG spectrum. For our study, we examined a total of 193 venture competitions in Germany, collected
data on a total of 588 rewarded ventures and used a semi-automated content analysis process to allocate
those ventures to the main 17 SDGs based on their business activities. With our work offer a scalable and
repeatable approach to map SDG related activity of new ventures, and we provide a detailed analysis of
Germany's entrepreneurship landscape along the 17 SDGs. We found a very heterogeneous distribution
of entrepreneurial activities along the goals, but also significant correlations between multiple goals that
are frequently addressed jointly. Contrasting entrepreneurial activity along the SDGs with the national
overall SDG performance of Germany we identified multiple SDGs that are rarely addressed by entre-
preneurs despite strong needs for improvements. The identified patterns constitute a starting point for
additional research on the potential of SDG related entrepreneurship and they direct policy makers and
entrepreneurs where they can make the largest contribution to the SDGs.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The 17 Sustainable Development Goals (SDG) that the General
Assembly adopted in September 2015 constitute the most widely
accepted agenda for sustainable development today (General
Assembly, 2015). They build up on the famous call for sustainable
development in the Brundtland Report (Brundtland Commission,
1987) and expand the incomplete Millennium Development
Goals (MDG) with their narrow focus on poverty reduction
(General Assembly, 2015) to create the first global set of goals
addressing all three pillars of sustainability. In doing so, the SDGs
pick-up the scientific call for global sustainable development goals
.de (J. Horne), malte.recker@
. Michelfelder), jjay@mit.edu
(Griggs et al., 2013) and help to keep sustainable development a
priority on political agendas worldwide. Today they provide the
legitimate political framework upon which governments, civil so-
ciety, and businesses can plan, measure and communicate their
contribution to sustainable development.

The SDGs underline the immediate need to change the unsus-
tainable development path that humanity pursues today. Humanity
must take the “bold and transformative steps which are urgently
needed to shift the world on to a sustainable and resilient path”
(General Assembly, 2015). In this transformation, businesses play
an important role and particularly entrepreneurs (Apostolopoulos
et al., 2018; General Assembly, 2015; Loorbach, Wijsman, 2013;
Sullivan et al., 2018; Figge and Hahn, 2004; Hockerts and
Wüstenhagen, 2010; Weissbrod and Bocken, 2017; Bocken and
Short, 2016). With their ventures, entrepreneurs can create and
catalyze the necessary structural changes that incumbents fail to
perform for reasons like organizational inertia or the risk to
cannibalize or destabilize existing unsustainable business models
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(Hockerts and Wüstenhagen, 2010; Lüdeke-Freund et al., 2016).
Accordingly, it is of special importance to understand whether and
in which areas new ventures support the transition towards sus-
tainable development measured along the 17 SDGs
(Apostolopoulos et al., 2018). The last years showed increasing
numbers of entrepreneurs and new ventures founded in Germany,
especially those focusing on environmental and social challenges
(SEND and KPMG DSM 2018). To the authors' knowledge, there is
limited scientific research that tries to create transparency on en-
trepreneurship's role towards achieving the SDGs (e.g. Moon,
2018).

Therefore, we developed a structured and scalable approach
that allows to map the activities of new ventures in Germany along
the 17 SDGs, assuming that there is theoretical potential for each
SDG to be addressed by new ventures (Apostolopoulos et al., 2018;
Pomare, 2018). We used software supported semi-automated
content analysis (Krippendorff, 2012; Weber, 1992; Neuendorf,
2016) to examine a total of 588 ventures that were rewarded in
one of 193 venture competitions in Germany in 2017. By doing so,
we can draw conclusions on the activity patterns of German en-
trepreneurs regarding the national SDG targets.

Current SDG performance in Germany indicates some great
progress in reducing poverty, improving education and fostering
innovation. But on the other hand, major challenges remain to-
wards responsible consumption and production, climate, as well as
life below water (rf. Fig. 1), underlining the urgent need for
contribution to achieve the SDGs.

Our data reveal a very heterogeneous distribution of entrepre-
neurial activities along the SDGs as well as a significant correlation
between goals that entrepreneurs frequently address together. For
the interpretation of the results, we contrasted the SDG activity of
entrepreneurs in Germany with the national overall SDG perfor-
mance (Sachs et al., 2017). This revealed in which areas entrepre-
neurship already contributes strongly to sustainable development
and in which areas there is a strong need.

Following this introduction, we discuss existing attempts to
progress measurement along the SDGs. Then, we outline the
methodology we used to map the SDG contribution of German
ventures, we present our empirical results, and we discuss the
findings and limitations of our approach.

2. Theoretical foundation

2.1. Measuring country level progress along the SDGs

To date, SDG progress measurement relies on national statistical
authorities or independent researchers that so far focus on the
national progress along the SDGs (United Nations, 2017; Nilsson
Fig. 1. e Exemplary SDG dashboard for Germany in the color code of Sachs et al. (2017
indicate the distance to achieving the SDG targets. (For interpretation of the references to
et al., 2016; Costanza et al., 2016; Sachs et al., 2017). To our
knowledge, the contribution of a specific stakeholder group e like
entrepreneurs e to the achievement of the SDGs is not tracked
scientifically.

Experiences from the measurement of national SDG progress
show that measurement is challenging as there are interaction ef-
fects, trade-offs and vaguely defined goals (United Nations, 2017;
Nilsson et al., 2016; Costanza et al., 2016; Sachs et al., 2017). Already
the official resolution states that there is a gap in data collection
and that in some cases there are no clear numerical targets (General
Assembly, 2015). These problems explain the challenge to
comprehensively and consistently measure progress towards the
SDGs. However, measuring progress on the 2030 Agenda is crucial
to properly manage the transformation to sustainability. Accord-
ingly, there are numerous attempts to overcome the stated chal-
lenges on the national level (United Nations, 2017; Nilsson et al.,
2016; Costanza et al., 2016; Sachs et al., 2017). In the context of
progress measurement Costanza et al. (2016) explain well that in
theory, it is necessary to track progress with an integrated system
dynamics model that captures all interdependencies between the
goals, but in practice progress is mostly tracked separately for each
of the 17 SDGs in a dashboard logic (Costanza et al., 2016). Sachs
et al. (2017) provide a good example of such a dashboard. For
each SDG the dashboard integrates a wide range of statistical in-
dicators on a national level and communicates the progress per-
formance in a traffic light logic. For instance, Germany's
performance for SDG 1 (no poverty) has been rated green as all
three indicators for SDG 1 are above a predefined threshold. Used
indicators are the poverty headcount ratio at $1.90/day today and in
2030 as well as the poverty rate after taxes and transfers (cf. Sachs
et al., 2017).

2.2. New ventures and their contribution to the SDGs

In the business sphere we could not find similar attempts to
track and aggregate progress in a dashboard logic e neither for
large corporates nor small and medium-sized enterprises. Existing
guidelines as the SDG compass focus on measurement and
reporting for large corporates linking SDG progress to sustainability
reporting efforts (Global Reporting Initiative et al., 2015). Addi-
tionally, there are studies on social/sustainable entrepreneurship
that focus on specific sustainability dimensions like the environ-
ment (Weiß and Fichter, 2015), studies that are based on self-
assessment surveys (SEND and KPMG DSM 2018) and there are
studies that combine self-assessment and expert assessments
(Engstr€om et al., 2018).

But there is a lack of more objective, data-driven approaches to
assess the contribution of entrepreneurs to the SDGs. Hence,
). Green is used only if all sub-target indicators are achieved, yellow, orange and red
color in this figure legend, the reader is referred to the Web version of this article.)
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mapping the activity of entrepreneurs related to the national SDGs
constitutes a research gap, and due to the importance of the SDGs,
the mapping is of significant relevance for a wide range of stake-
holders, like policymakers, investors or entrepreneurs.

Assessing the SDG related activity of entrepreneurs is linked to
well-known challenges in the field of sustainable impact mea-
surement and entrepreneurship research, most importantly the
lack of historical data to be studied and the lack of resources in new
ventures to start collecting missing data and reporting them
(Clifford, 2014; Dichter et al., 2016; Horne and Michelfelder, 2017;
Johnson and Schaltegger, 2016; Recker and Michelfelder, 2017).
These challenges make our ambition e to track the country level
activity of new ventures related to the national SDGs e more
challenging.

Given our choice to focus our analyses on Germany (see choice
of empirical setting in the next section), this article addresses the
following two research questions.

(RQ1) ‘How can we map the SDG related activity of entrepreneurs
in Germany?’ and
(RQ2) ‘Which SDGs show high entrepreneurial activity in Germany
and which SDGs remain unaddressed?’

3. Research design

3.1. Empirical setting & data

We decided to focus our analysis on new ventures in Germany.
This excludes country level differences, which helped during the
assessment of the validity of our methodological approach and
limited the scope of ventures to be analyzed to a manageable size.
Given relatively good data availability in Germany and Germany's
position as leading economy in Europe, we believe to have identi-
fied a valuable empirical setting. By focusing on German new
ventures solely, we do not neglect the fact that foreign ventures
contribute to German SDG performance as well, however studying
the potential contribution bottom-up, the sample selection would
become infinitely large by including global new ventures active in
Germany. The study's sample is based on major venture competi-
tions in Germany, including non-profit and for-profit ventures.

Using existing competition overviews (Bundesministerium für
Wirtschaft und Energie, 2017; Für-Gründer.de 2017) we gener-
ated a list of 193 venture competitions that were the starting point
for the sample. By selecting a German new venture sample, we
discard the contribution of non-German ventures to Germany and
its national SDG performance indicators. The leading perspective is
understanding SDG related activity of German entrepreneurs and
comparing it to the national SDG performance, understanding that
additional progress is generated by foreign stakeholders.

Out of those competitions, we collected award-winning and
distinguished ventures only for categories with a focus on new
ventures (independent of topic) and only if their full name was
given. Price categories for general innovation were excluded if they
did not differentiate between new ventures and incumbent ven-
tures. All competitions and the respective award texts are from
2017. Additional webpage information was downloaded end of
2017 and early 2018. In the sampling process, we had to discard 75
competitions: 32 did not offer an award in 2017, 25 did not focus on
ventures, 18 did not provide sufficient information online.

Overall, we created a sample of 588 ventures. The data set of
each venture consists of the award text, provided by the award jury,
and information found on the venture's webpage (or in some cases
Facebook), in either German or English language. The used infor-
mation contains basically the product or service description, busi-
ness model explanation, company visions and missions as well as
other explanation relevant to assess the ventures contribution to
SDGs found on the landing page and on other pages. The analyzed
text varied in its length between 1 and more than 50 pages, con-
taining between 250 and more than 1000 words.

Following our research set-up and focus on Germany, we
excluded foreign companies. In addition, we collected venture
specific information during the sample creation, allowing us to
better describe the sample and analyze the results afterward. This
way we collected basic control variables like the founding year,
legal entity and postal code where available. Additionally, each
venture was allocated to one category out of the International
Standard Industrial Classification of All Economic Activities (United
Nations Statistics Division, 2018) and categorized as either startup,
unclear or non-startup. Here we followed the general notion of
startups as young and innovative growth ventures (Brettel et al.,
2007; Kollmann und Hensellek, 2017). More specifically, we
applied the three criteria of the German startup monitor: startups
are (I.) ventures that are younger than ten years, (II.) highly inno-
vative in technology or their business model and (III.) strive for
significant growth in employees or revenue. To be considered a
startup a venture must fulfill the first criteria and at least one of the
other two criteria (Kollmann et al., 2018). The two coders used this
categorization to characterize the sample regarding its startup
focus and to compare startups and other entrepreneurship forms
regarding their potential contribution.

Our mapping of activities collects data based on the inputs, ac-
tivities, and outputs of businesses and does not try to assess the
potential outcomes and impacts as it would be done in a compre-
hensive impact assessment (cf. Clifford, 2014). The depth of analysis
is thus similar to that of the widely used Global Reporting Initiative
(Global Reporting Initiative, 2016). Accordingly, it is important to
note that mapping activities to SDGs can only indicate a potential
correlation of a business model to the SDGs, but it is no evidence for
causation (causation would require a more detailed impact
assessment along an input-output-outcome-impact logic for each
venture, which is out of scope for our quantitative research
approach).

We built our research on data that are most widely available for
new ventures, i.e., information from their own websites and those
published in venture competitions. These two sources provide
numerous information on a venture's business model, its industry
sector and meta-information on the venture itself. Moreover,
focusing on rewarded ventures provides some quality control in the
very dynamic venture environment that allows to filter out
immature ideas and ventures. The downside to this approach is a
self-selection bias of ventures that participate in competitions.
Some ventures might decide against venture competitions for
example if they are already very successful. Accordingly, there is a
risk that we systematically neglect certain groups of ventures.

Our approach offers a structured and scalable way to map the
activities of new ventures in Germany along the 17 SDGs and draw
conclusions on the potential contribution of German entrepreneurs
to the national SDG targets. We can thus follow the dashboard logic
and create an SDG heat map for entrepreneurship in Germany. The
mapping helps to understand which SDGs are primarily addressed,
which remain unaddressed and it allows to identify patterns of
SDGs that are typically addressed in combination.

3.2. Method

To answer our research questions, we selected content analysis
as an appropriate research method to classify new ventures
regarding their potential contribution to SDGs. Other studies with
comparable objectives showed that content analysis is an appro-
priate and insightful method (Barringer et al., 2005; Perry und
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Bodkin, 2000; Ritala et al., 2018; Roca and Searcy, 2012; Weare and
Lin, 2016; Uotila et al., 2009).

Content analysis is defined as a systematic approach to
compress a large amount of text and words into predefined content
categories based on rules of coding (Krippendorff, 2012; Weber,
1992; Uotila et al., 2009; Neuendorf, 2016). In this study, the
approach is used to create SDG categories based on coded keywords
and search through venture texts. With the help of modern content
analysis and qualitative data analysis software, it is possible to
apply this approach to a large amount of texts efficiently. We
selected atlas.ti software due to its semi-automated auto-coding
function for our study (Atlas.ti, 2018).

Literature differentiates two types of content analysis: first
emergent coding also called inductive coding and second, a priori
coding or deductive coding (Weber, 1992). The deductive approach is
based on a pre-existing coding system with predefined keywords,
seen as the more directed approach whereas the inductive
approach is based on developing the codes from the data them-
selves and refining them through the process, being the more
conventional approach (Elo and Kyng€as, 2008; Hsieh and Shannon,
2005). Since we base our mapping on existing definitions and
documentation of the SGD goals, we executed a deductive approach
by using predefined keywords, which we used to code the venture
texts.

Our content analysis contains four common steps: sampling
(discussed in chapter 3.1), defining and piloting the coding scheme
(see chapter 3.3), coding (see chapter 3.4) and analyzing and
reporting (see chapter 4 ff.) (adapted from Neuendorf, 2016).

3.3. Defining and piloting the coding scheme

The coding scheme is developed to support the coding process
with defined keywords for each SDG based on the official SDG
resolution (General Assembly, 2015) (see the full list in the
appendix). If a respective keyword is found in the award text or
online information, it indicates potential SDG-related activities of a
venture.

The objective was first to identify keywords that holistically
describe each SDG and its sub-targets based on the available defi-
nitions. Second, the selected words had to comprise different as-
pects, for example, a description of the problem a venture wants to
address, details about their approach and information on the
aspired effects. Since we included both English and German texts in
the sample, the described scheme was developed for both lan-
guages with the respective official documents (Die
Bundesregierung, 2016; General Assembly, 2015). For the semi-
automated coding in atlas.ti we combined the word strings for
both languages.

The coding scheme was tested on a sample of ventures. During
the test, we identified and resolved problems with regard to wrong
matches. For example, the German term “arm” (for poor) generated
manywrongmatches since it occurs in “warm” and other unrelated
words, consequently we restricted matches to the exact word with
the help of quotation marks. Nevertheless, some keywords like
“jobs” or “career” occurred on nearly every website and not only in
the context of SDG 8 (decent work and economic growth). This
confirmed our decision to use semi-automated coding with manual
confirmation by two researchers instead of fully automated coding.

The pilot could also invalidate concerns around different
wording between the UN descriptions of the SDGs and the venture
text material. We observed that both use similar words and a
mixture of problem description and solution specification.
Accordingly, there was no need to adjust the coding scheme to
properly match venture text material to the SDG problem de-
scriptions with the selected keywords.
3.4. Coding the text sources

The content analysis methodology is based on the number of
occurrences of keywords in the analyzed data and helps to quantify
content in terms of predefined search words (Bryman and Bell,
2015). Accordingly, we documented the frequency of Sustainable
Development Goal keywords from our coding scheme for each
venture.

We decided to perform semi-automated content analysis,
combining the advantage of an automated scan of all documents
uploaded to atlats.ti with the opportunity to verify the search re-
sults, reducing random and wrong context matches (e.g., random
keywords in the CVs of employees or event notes). The auto coding
function was set-up with the following characteristics - ignore
cases, strategy: expression, context: word, selected confirm
matches, expand to: exact match. The match review was based on
general and SDG specific conditions. Additionally, we defined
specific coding rules for some SDGs since those can generate wrong
matches based on wording and context (see Table 1).

4. Analyses & results

After coding the documents, we exported the results in a code-
summary table and cleaned the data in preparation for further
analysis. The final data set contained the number of matches per
SDG for each venture of the sample across all available documents.

Following the research questions, we applied descriptive sta-
tistics to get a first overview of general distribution and charac-
teristics of the results. A correlationmatrix was additionally used to
better understand interdependencies between SDGs and general
patterns.

The final discussion of results was donewith the help of amatrix
that plots entrepreneurial activity against the national SDG per-
formance. Additionally, we prepared a dashboard (adapted from
Sachs et al., 2017) to indicate main areas of entrepreneurial activity
and interdependencies between SDGs.

Our final sample is based on data from 588 new ventures and a
total of 1315 individual data sources (556 award descriptions and
759 websites) with a minimum of two data sources per venture.
Following our before stated definition of startup (cf. Brettel et al.,
2007; Kollmann und Hensellek, 2017) 74% of the ventures could
be classified as startups, less than 5% were clearly no startups, and
the remainder is unclear due to limited information. 34% of the
ventures were active in manufacturing, 21% in information and
communication and 10% in professional, scientific and technical
activities. The remaining third spread over 13 other categories of
the International Standard Industrial Classification of All Economic
Activities (United Nations Statistics Division, 2018). For 70% of the
sample, we had information about their legal entity that show that
more than 60% are registered as a GmbH (limited liability com-
panies), nearly 10% as UG (usually smaller limited liability com-
pany), around 8% as a private person and about 5% as e.V.
(associations). Only 40% of the ventures provided information
about their founding year. Among those ventures 41% were foun-
ded in 2017, 20% in 2016, 16% in 2015. Less than 24% were 3 years or
older. We also collected geographic information for 80% of the
sample and these data show that 50% of the ventures come from
only three federal states Bavaria (17%), Berlin (17%) and North
Rhine-Westphalia (16%). Baden-Württemberg (9%) and Hesse (8%)
also have a meaningful number of awarded ventures. The remain-
ing 33% spread over the remaining 11 federal states.

In our sample of 588 ventures, the frequency for the different
SDG keywords varied strongly between ventures and across the
different goals from 0 to a maximum of 75 SDGmatches for a single
venture (Table 2 summarizes the sample statistics). The strong



Table 1
Overview of SDG specific coding rules that were necessary for a consistent coding process.

SDG 3: Good health & well-being Basic research innovation that can be used for medical purposes but have no direct health benefits were excluded
from SDG 3 (instead, SDG 9).

SDG 4: Quality education If trainings enable customers to use a project they were excluded. Trainings that enable customers beyond the use
of a specific product were included.

SDG 7: Affordable & clean energy We included energy efficiency related ventures with products that reduce energy consumption compared to
alternative solutions in the market.

SDG 8: Decent work & economic growth Job creation of new ventures has only been included, if a venture specifically concentrates on the creation or
allocation of jobs. Jobs that result primarily from educational activities were not considered for SDG 8.

SDG 9: Industry, innovation & infrastructure The SDG definition is very broad which makes a clear differentiation challenging. We focused on the enabling aspects
of new ventures - i.e. innovations that have a high chance to improve the productivity of other industries or provide
significant benefits compared to previous solutions. Infrastructure innovation that affect an industry were included,
infrastructure innovation that focus on urban/personal mobility were included in SDG 11.

SDG 10: Reduced inequalities We excluded ventures that simply aim for markets in a developing country without specifically targeting the eradication
of inequalities.

SDG 11: Sustainable cities & communities For SDG 11 transport related activities were only included when they affect urban communities or human settlements.
SDG 16: Peace, justice & strong institutions Aspects concerning inclusion from SDG 5 and SDG 10 were not included.

Security related business models were only included if they create more transparency and/or accountability on a broader
societal level.

SDG 17: Partnership for the goals Aspects of fair trade were only included when they are part of broader cooperation with developing countries, not
when organizations only purchase fair trade products (this was integrated in SDG 12).
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variation results in the high standard deviations and sample vari-
ance e especially, for the most frequent SDGs 3, 4 and 9 (each with
more than 10% of matches). To some extent, the maxima can be
attributed to ventures with a strong marketing focus, comprehen-
sive text material on their website and ventures that won multiple
awards. Additionally, differences between SDGs result from an
unequal distribution/availability of suitable keywords per SDG. For
example, we found awide range of keywords for SDG 3, while there
is only a limited number of suitable keywords for SDG 1 (no
poverty). Also, some SDGs have keywords that need additional
contextual information and interpretation, for example, SDG 17
(partnership for the goals) (cf. appendix).

To avoid biased results due to variance we assessed only
whether a venture is active in an SDG or not. The absolute number
of keyword matches per SDG per venture was not used as the
available text material per venture varied strongly, and the absolute
frequency of keywords is not a reliable indicator to differentiate
Table 2
Descriptive statistical overview of the total and two reduced samples based on quality th

Ventures in sample All ventures (no threshold, all SDG m

588 100%

Total SDG matches Total 6159

SDG Sum of
SDG
matches

% of total Min. Max. S

SDG 1: No poverty 11 11 0% 0 3 0
SDG 2: Zero hunger 481 481 8% 0 56 4
SDG 3: Good health & well-being 1092 1092 18% 0 70 6
SDG 4: Quality education 833 833 14% 0 53 5
SDG 5: Gender equality 80 80 1% 0 25 1
SDG 6: Clean water & sanitation 95 95 2% 0 56 2
SDG 7: Affordable & clean energy 632 632 10% 0 75 5
SDG 8: Decent work & economic growth 107 107 2% 0 22 1
SDG 9: Industry, innovation & infrastructure 1085 1085 18% 0 40 4
SDG 10: Reduced inequalities 409 409 7% 0 64 4
SDG 11: Sustainable cities & communities 483 483 8% 0 52 4
SDG 12: Responsible consumption & production 594 594 10% 0 36 3
SDG 13: Climate action 72 72 1% 0 13 0
SDG 14: Life below water 24 24 0% 0 11 0
SDG 15: Life on land 14 14 0% 0 6 0
SDG 16: Peace, justice & strong institutions 139 139 2% 0 57 2
SDG 17: Partnerships for the Goals 8 8 0% 0 4 0
between levels of SDG activity. Additionally, we took out all ven-
tures with less than two matches per SDG. This threshold reduced
the risk of miss-allocation to an SDG due to individual remarks on a
website or award text. This means we only examined ventures with
at least two keywordmatches from one data source or twomatches
from different data sources per SDG. Using these quality criteria, we
discarded 236 ventures (40% of our sample) coming to a sample of
352 ventures with at least one valid SDG match for detailed
analysis.

Out of the discarded 236, 177 ventures had no match, and 59
ventures had only SDG matches below the threshold. A review of
the 177 ventures without any matches showed two principal rea-
sons, either a venture had no clear activity related to an SDG or
there was hardly any written material for our analysis. A more
detailed analysis of the split between the two groups would require
manual coding of each website for the 177 ventures and is therefore
out of scope for this paper on semi-automated coding. We
resholds for SDG matches.

atches) Ventures (count
threshold >0)

Ventures (count
threshold >1)

�177 411 70% �59 352 60%

Total 798 Total 602

tandard Deviation Sample Variance Count of
SDG
matches
(>0)

% of total Count of
SDG
matches
(>1)

% of total

,19 0,04 7 1% 3 0%
,24 18 52 7% 40 7%
,36 40,5 133 17% 97 16%
,83 34 86 11% 63 10%
,39 1,92 12 2% 9 1%
,49 6,22 11 1% 7 1%
,93 35,2 51 6% 42 7%
,75 3,06 17 2% 9 1%
,77 22,8 160 20% 130 22%
,12 17 49 6% 38 6%
,17 17,4 58 7% 49 8%
,44 11,9 111 14% 82 14%
,87 0,75 26 3% 14 2%
,61 0,37 3 0% 3 0%
,3 0,09 6 1% 3 0%
,77 7,68 12 2% 11 2%
,2 0,04 4 1% 2 0%
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definitely expect that some of the 177 ventures are active in an SDG
domain.

In the remaining sample of 352 ventures, we found a very het-
erogeneous distribution. Based on our search string SDG 1 (no
poverty), 5 (gender equality), 6 (clean water and sanitation), 8
(decent work and economic growth), 14 (life below water), 15 (life
on land) and 17 (partnership for the goals) had less than 10 ven-
tures with a SDG match while there was a clear concentration on
SDG 3 (good health and well-being), 4 (quality education), 9 (in-
dustry, innovation and infrastructure) and 12 (responsible con-
sumption and production) out of which each contributed more
than 10% to the total matches.

Of the 352 ventures above the threshold, 198 ventures (56%) had
only one SDG match, 96 ventures (27%) had two SDG matches, 33
ventures (9%) had three matches, 18 ventures (5%) had four SDG
matches and some isolated cases had even more SDG matches (the
maximumwas one case with 8 SDGmatches). To better understand
the patterns behind ventures that are active in multiple SDGs we
examined the correlation between different goals. As we translated
the absolute frequency of matches per SDG into a binary system
(which only indicates SDG activity or non-activity) a suitable test
statistic for nominal data had to be used. We used Chi2 test (Kaplan,
2004) that allowed us to analyze the relationship between indi-
vidual pairs of SDGs. Therefore, we first analyzed the pairs and then
aggregated the results for the 136 pairs into a correlation matrix.
For easier interpretation, we translated the Chi2 values into cor-
rected contingency coefficient ranging between 0 (low relation-
ship) and 1 (strong relationship). By doing so, we could identify 40
significant correlations between SDGs (29 with p< 0.01 and an
additional 11 with p< 0.05).

For example, the strongest correlation could be observed be-
tween SDG 4 (quality education) and SDG 10 (reduced inequalities)
with 0.55 (p < 0.01). In our sample, this result can be explained
with various initiatives that provide training/enablement for refu-
gees to facilitate integration into Germany. Another strong rela-
tionship could be observed between SDG 2 (zero hunger) and SDG
12 (responsible consumption and production) with 0.45 (p < 0.01)
that can be linked to various ventures that sell organic and/or
healthy food. The correlation is based on our search string with
keyword matches like food, farm*, fish* for nutrition (SDG 2) and
sustainable, local, etc. for sustainable/conscious consumption (SDG
12). Table 3 provides an overview of all 40 identified correlations.

The results of our sample create some transparency about the
SDG domains that German ventures are directly involved in and we
can observe some patterns between SDGs. However, due to the
earlier mentioned interdependencies, trade-offs and vaguely
defined goals (United Nations, 2017; Nilsson et al., 2016; Costanza
et al., 2016; Sachs et al., 2017) it is important to analyze the
observed results more into detail to avoid premature conclusions.

5. Discussion

In the following section, we review our approach and discuss
our results with regard to our two research questions. In addition to
this, we explore the potential role of entrepreneurship for sus-
tainable development to support future research and policymakers.

RQ1: How can we map the SDG related activity of entrepreneurs in
Germany?
Response: Based on freely available web-material, the semi-
automated content analysis provides a scalable approach to map
entrepreneurial activities along the 17 SDGs.

Compared to interview, expert and survey-based data collec-
tion, the selected approach does not rely on response rates and an
individual's willingness to answer, in order to obtain a larger
sample size (Albino et al., 2009). In addition, using a predefined
coding scheme on existing information for new ventures, either
created by the venture itself (primary data) or by third-parties
(secondary data), reduces the subjective influence compared to
above mentioned approaches, although there is a possible
remaining bias inherent with semi-automated approach. In addi-
tion, it allows to create a larger and more diverse sample, and in
combination with filter criteria (e.g., only ventures that were
rewarded in a venture competition), it is possible to exclude
immature ideas and ventures.

Therefore, this option is more suitable to identify patterns of
SDG related entrepreneurship on a large scale (e.g., for Germany).
Natural downsides are the level of detail per venture, which is
generally lower than in interviews, expert assessments or surveys,
as well as a potential self-selection bias of ventures that take part in
competitions. Scaling the approach to different geographical re-
gions is possible but requires adjusting the coding scheme to spe-
cific cultural and language contexts.

The scalable approach creates a large set of data, and it is
important to understand the inherent limitations of these data. As
mentioned in themethodology sectionwe analyzed the datawith a
semi-automated content analysis using search strings of keywords
in atlas.ti. This means atlas.ti scanned source documents auto-
matically for relevant German and English keywords and the au-
thors collectively reviewed the allocations to discount false
matches. The central element of this approach is the selection of
suitable keywords for each of the 17 SDG. As we discussed before
the goals contain numerous interdependencies, trade-offs and they
are vaguely defined goals (United Nations, 2017; Nilsson et al.,
2016; Costanza et al., 2016; Sachs et al., 2017). This complicates a
highly selective coding for related SDGs like SDG 5 (gender
equality) and SDG 10 (reduced inequalities), and it makes it
impossible to code highly selective search strings for each of the
169 sub-targets that make up the 17 SDGs. Accordingly, when our
search string classifies a venture as a contributor to a certain SDG, it
is likely that only certain sub-targets of an SDG are actually
addressed. Transferring this thought to our entire sample we
expect that certain sub-targets in each SDG remain unaddressed
even though the SDG itself is addressed. The specific pattern of
addressed sub-targets should reflect the specific development
needs of Germany with its specific social, economic and ecological
conditions. For instance, in Germany, the eradication of hunger
(SDG 2 e zero hunger) is not a major concern whereas obesity and
malnutrition are serious problems mentioned (Sachs et al., 2017).
Accordingly, we must interpret the observed patterns for the 17
SDGs in combination with background knowledge on Germany to
draw valid conclusions with our methodology on a more detailed
level.

RQ2: Which SDGs show high entrepreneurial activity in Germany
and which SDGs remain unaddressed
Response: Entrepreneurs do not address all SDGs. There is strong
direct engagement around SDG 9 (industry, innovation & infra-
structure), SDG 3 (good health and well-being) and SDG 12
(responsible consumption and production). On the other end of the
spectrum we find SDG 1 (no poverty) and SDG 17 (partnership for
the goals) with little-observed activity.

In order to discuss entrepreneurial contributions to SDGs in
more depth, we relate the found activity to the national context,
specifically the national German SDG performance (cf. Fig. 2). In our
research, we follow the assumption that venture activity in an SDG
is an indicator for future progress towards achieving the SDG. This
assumption is not blind to the fact that many ventures in our
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sample might not be game changers with regard to sustainable
development and some might actually create negative effects -
considering, for example, the discussions about the rebound effect
(Figge and Hahn, 2004; Bocken and Short, 2016). However, the
absence of entrepreneurial activity in an SDG domain shows clearly
that entrepreneurs do not find suitable opportunities to directly
affect an SDG, regardless of the specific impact. In absence of active
entrepreneurs in an SDG domain, we cannot expect many inno-
vative solutions from the private sector for sustainable develop-
ment e something that the 2030 agenda calls for (General
Assembly, 2015). Therefore, we consider the frequency of entre-
preneurial activity in an SDG domain a prerequisite for progress
and a valid, but not an exhaustive indicator. It is not an exhaustive
indicator because it requires interpretation concerning the specific
national conditions and the various interdependencies between
the goals.

Patterns of national SDG performance & entrepreneurial activity:
Applying this thought we contrast our results for entrepreneurship
in Germany with the national SDG dashboard (Fig. 2), which ag-
gregates the national SDG performance by aggregating available
indicators (cf. Sachs et al., 2017). The findings of this comparison
are best illustrated in a matrix with, first entrepreneurial activity
and second national SDG performance (Fig. 3). The matrix supports
the synthesis and development of patterns and targeted policy
recommendations (see Fig. 4).

The simplified matrix shows four patterns of SDGs (Fig. 3). We
have two categories where national performance and entrepre-
neurial activity are consistent (i.e., both dimensions are high or
low). In the top right corner, we find those SDGs with consistent
high national SDG performance and high entrepreneurial activity
for SDGs 3, 4, 9, 10 and 11 - pattern “maintain”. In the low left
corner SDGs with low national SDG performance and low entre-
preneurial activities for SDGs 5, 13, 14, 15, 16, 17 - pattern “boost”. If
both indicators show high performance, the correlation suggests
that entrepreneurs are active in relevant SDG domains, while weak
performance in both indicators suggests low societal SDG perfor-
mance and no relevant entrepreneurial activities.

The remaining two quadrants indicate contradictory results,
where national SDG performance and entrepreneurial activity do
not go in the same direction. In the top left corner we have high
SDG performance in Germany but low entrepreneurial activity for
SDGs 1, 6 and 8 - pattern “encourage”). In the low right quadrant,
we have low national SDG performance and high entrepreneurial
activity for SDGs 2, 7 and 12- pattern “scale”.

Interdependencies: The observed patterns represent the direct
entrepreneurial activities, but they neglect indirect effects, or
broader contributions to several SDGs (Littlewood and Holt, 2018).
If we take the eradication of poverty (SDG 1) as an example, we
have an SDG with low entrepreneurial activity, but high national
performance. The underlying reason for this contradiction can be
found in the applied macro-economic indicators that capture
progress on a national level for SDG 1. Progress is measured with
indicators like the poverty headcount ratio or the population with
an income below 50% of the median disposable income (Sachs
et al., 2017). New ventures can not directly address such in-
dicators. However, ventures can indirectly fight the causes of
poverty like a lack of education (SDG 4) or weak economies (SDG
9). Accordingly, we can assume that entrepreneurs primarily
contribute indirectly to SDG 1 via other SDGs like SDG 4 and 9.
Generalizing this thought, we assume that there are SDGs where
there are little opportunities for entrepreneurs to contribute
directly.

Considering the wide range of potential business models
(Pacheco et al., 2010) it is certainly possible to find entrepreneurial
examples for all SDGs. However, our analysis reveals that



Fig. 2. e Comparison of national SDG performance (color coding based on Sachs et al., 2017) and entrepreneurial SDG activity in Germany (color code based on difference to
mean e i.e. Green� 71; Yellow 70-36; orange 36-18; red <18). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this
article.)
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entrepreneurs rarely address certain SDGs although national per-
formance generates a visible need (pattern “boost”). Explaining this
Fig. 3. Matrix: Plotting SDGs according to national SDG performance and mapped entr
category according to their scores in Sachs et al., 2017, entrepreneurial activity according to t
org/). (For interpretation of the references to color in this figure legend, the reader is refer
pattern, we offer three principal reasons: (1) many SDGs are
addressed indirectly and (2) some SDGs are not suitable and/or
epreneurial activity (national performance scores were distributed within their color
heir difference to the mean; SDG logos edited from https://sustainabledevelopment.un.
red to the Web version of this article.)

https://sustainabledevelopment.un.org/
https://sustainabledevelopment.un.org/


Fig. 4. Improvement path e Boost awareness for SDGs with low entrepreneurial
activity and develop measures to scale activities in areas with low national SDG
performance (SDG logos edited from https://sustainabledevelopment.un.org/).
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attractive to be addressed by entrepreneurs. Moreover, we find
SDGs with strong entrepreneurial activity, but low national per-
formance (pattern “scale”), which we attribute to (3) missing scale
of entrepreneurial activities and/or ineffective entrepreneurial ac-
tivities that lead to low impact.

(1) In some SDGs progress in one SDG is tied to progress in
another SDG. SDG 13 (climate action) (Pattern “boost”) is
arguably one of the best examples for strong interdepen-
dency with other SDGs. The key indicator of progress is CO2
emissions. This means progress is linked to all energy
consuming elements of society in our fossil fuel dependent
societies. Accordingly, progress requires countless actions
across the entire spectrum of SDGs. For instance, progress
needs a wide range of technological innovation (SDG 9) e

most importantly new sources of energy (SDG 10), we have
to change the way we produce food (SDG 2) and we have to
change the way we live and consume (SDG 11 and 12) and to
enable all those things we need suitable education (SDG 4).
We conclude that especially SDG 1 (no poverty), 8 (decent
work and economic growth), 13 (climate action), 14 (life
below water) and 15 (life on land) depend strongly on
progress on other SDGs, but we must emphasize that more
detailed assessments of interactions are necessary to draw
reliable conclusions (Nilsson et al. 2016).

(2) Despite the indirect and aggregated effects of entrepreneurs,
some goals are less suitable for meaningful entrepreneurial
contributions, most notably SDG 17 (partnership for the
goals) (pattern “boost”). Sachs et al. (2017) measure progress
via government spending on health and education, tax rev-
enues or the national financial secrecy score. The selected
indicators depend primarily on the government with little
room for independent entrepreneurial solutions. Similarly,
SDG 16 (peace, justice, and strong institutions) (Pattern
“boost”) depends largely on governmental action to improve
indicators in the field of public safety, property rights or
corruption. Even though there are examples like Parla-
mentwatch e.V. with their activities around transparent and
1 The stated examples are not part of our sample. They were only selected to
exemplify the situation.
accountable institutions or Mein Notruf GmbH in the field of
public safety, the scope for entrepreneurship is limited
(Parlamentwatch e.V. 2018; Mein-Notruf GmbH, 2018).1

Pomare (2018) summarizes external factors, stimulating
new ventures’ awareness and internal resources and capa-
bilities, limiting the SDG focus, as further criteria for mean-
ingful contribution.

(3) Identifying active entrepreneurs along the 17 SDGs, we
cannot draw causal conclusions on the scale and potential
impact of ventures. Therefore, a strong entrepreneurial ac-
tivity does not automatically mean strong SDG contribution
of ventures, and it should not be mistaken as a causal driver
for strong national performance. Nevertheless, strong
entrepreneurial activity is an important prerequisite and
driver for entrepreneurial contribution, especially with re-
gard to future developments in an industry (Bidmon and
Knab, 2018; Hockerts and Wüstenhagen, 2010).

SDG 7 (affordable and clean energy) constitutes a good example
of the lack of scale/impact despite strong entrepreneurial activity
today. For meaningful performance on a national level, these SDGs
require a system transition (Loorbach and Wijsman, 2013). For the
SDG 7 (affordable and clean energy) sub-level indicator “share of
national renewable energy in total final energy consumption”
(Sachs et al., 2017) this means that effective clean energy ventures
obtain a dominant market share. This requires massive structural
changes as part of the long-term transformation of the German
energy system, the so-called “Energiewende”. Consequently, we
can assume that today's entrepreneurial activities can improve
national performance only where structural circumstances allow
effective clean energy ventures to scale-up and gain meaningful
market shares. This requires strong political involvement, and it
leads to a time lag between entrepreneurial activities and
measurable performance improvements.

Additionally, our sample shows, that most of the Germany's new
venture activity is centered in 3 federal states. This might also limit
the entrepreneurial scale across the nation and so affect the na-
tional performance overall. In order to improve the contribution to
certain goals, policy makers should create support systems and
reliable ecosystems to further spread SDG related entrepreneurship
across the entire country.

6. Conclusion

The purpose of this article was to increase our understanding to
what extent new ventures contribute to achieving the SDGs on a
regional or country level. We examined 193 venture competitions
in Germany and collected data on 588 rewarded ventures. The
method chosenwas a semi-automated content analysis that helped
to allocate those ventures based on their activities to the 17 SDGs.
Our research results revealed a very heterogeneous distribution of
entrepreneurial activities along the SDGs that we contrasted with
the national overall performance of German ventures (Figs. 2 and
3). Plotting the SDGs in a matrix of entrepreneurial activity and
national SDG performance, we identified four simplified patterns of
entrepreneurial activities and national SDG performance. The need
for action differs strongly between these four patterns. In terms of
contributions to practice, we suggest policymakers should focus
their attention on those areas with low national SDG performance
and low entrepreneurial activity (pattern “boost”) and those areas
with low national SDG performance and unscaled entrepreneurial
activity (pattern “scale”). Identifying and removing institutional
and structural barriers for entrepreneurs particularly in these pat-
terns has the largest potential to make entrepreneurship a more
important contributor to sustainable development. Contributions

https://sustainabledevelopment.un.org/
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to science are primarily the development of a novel and scalable
method to map contributions of new ventures to achieving the
SDGs on a regional and country level.

Key limitations include the fact that the approach chosen does
not take the actual magnitude of a venture's contribution to
achieving an SDG into account and that the content analysis de-
pends on publicly available data which certainly leads to some in-
accuracy. Nevertheless, we believe the benefits of this method
clearly outweigh the disadvantages.We suggest that this attempt to
identify entrepreneurial activity towards the SDGs needs to be
continued by research, both in scale and geography, as well as in
depth regarding contributions and impact. Continuing this research
will improve our understanding of SDG related entrepreneurship
and it will help to better direct political and entrepreneurial actions
towards sustainable development.
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