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Abstract: The COVID-19 pandemic represents a massive, often unanticipated, external disruption
for many companies. As a concept for responding to such disruption, organizational resilience
has recently received great attention. In the organizational context, the overriding question is how
companies can become more resilient. This study aims to contribute to answering this question by
identifying, categorizing, and providing specific business model patterns for achieving resilience
on the corporate level. For this purpose, a review of publications by major consulting firms was
conducted. Patterns were extracted from publications until a convergence criterion indicated that no
new pattern could be identified considering further publications. The 110 extracted unique patterns
were clustered into 13 objectives, and additionally categorized according to resilience phases, as well
as business model elements, to support the application in practice. The final catalog of patterns was
validated through expert interviews and thus provides organizations, such as those in the electrical
industry, with an overview and specific approaches on how to tackle industrial resilience through
the adaption of their business model.

Keywords: organizational resilience; business model; resilience measure; business model pattern;
COVID-19; pandemic; crisis; risk management; business continuity; electrical industry

1. Introduction
1.1. Motivation

Against the backdrop of increasing volatility in business environments, organizational
resilience is receiving significant attention from research and practice. The current pan-
demic is accompanied by changing consumer patterns and behavior, disrupted supply
chains and the need for effective health measures, among other factors. This underscores
the importance of being able to anticipate potential threats, cope effectively with adverse
events and adapt to changing conditions.

The concept addressing this ability is resilience. Existing literature covers the con-
cept [1–3] of resilience and, based on literature reviews [1,3–7] or case studies [2,8,9], general
principles and attributes of resilient organizations, or parts of organizations like supply
chains [10], are discussed. To help companies cope with volatility in the short term and
achieve resilience in the long run, it is essential to provide them with practical and effective
tools [9]. For example, Mallak [11] provides principles and suggests how to apply them.
Fiksel et al. [12] also provide a practitioner-focused description; however, their analysis is
on supply chains. Although a variety of general and sustainability-oriented business model
pattern collections exist (e.g., [13]), as well as approaches for developing resilient business
models (e.g., [14]), no pattern collection focusing on resilience is yet available. Therefore,
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this study aims at closing this research gap by developing such a pattern collection against
the background of the COVID-19 pandemic. The German electrical industry was chosen
for validation as they faced several impacts of the pandemic situation.

For this purpose, it is first pointed out how resilience fits into the concept of systems
engineering and sustainability. Afterward, using the example of the German electrical
industry, the results of a current survey illustrate the impact of the pandemic at various
levels. Subsequently, the concept of resilience and the concept of the business model are
outlined and brought together to guide the following developments. Based on a review
of contributions on resilience by the main players in the consulting industry, measures or
so-called business model patterns are identified, classified, and validated through expert
interviews. The insights gained are used to provide recommendations for practice and
research. In conclusion, the results of the paper are summarized and an outlook for further
research and development is given.

1.2. Academic Relevance: Contributions to Systems Engineering and Sustainable Development

The logic of how companies create value is a key element of value creation systems.
Understanding value and considering customers, users, other beneficiaries, and suppliers
is an essential activity of model-based systems engineering [15]. Business models provide
a common, conceptual modeling framework for describing this logic, by defining key
elements and their relationships. Developing or innovating business models is thus an
important aspect supporting the engineering of complex industrial systems. For example,
it supplements the hardware and software of technical innovations [16]. Resilient business
model patterns can serve as principles and recommendations as well as best-practice
examples for designing complex value creation systems, and thus contribute to research in
systems engineering, specifically with relevance to business engineering and to designing
innovation systems.

The Sustainable Development Goals (SDGs) of the United Nation aim to enable
transformation to move toward a global state of sustainability. This state can change
dynamically over time, and is described by a current global consensus, i.e., the SDGs [17].
Sustainable transformation can be divided into two main components: mitigation and
adaptation [18]. Mitigation aims at eliminating the underlying negative causes for global
trends and their connected risks, whereas adapting aims at building up resilience against
global risks by increasing the capability to appropriately react to shocks. Thus, resilience is a
possible answer for organizations to adjust to climate change, for instance, with its uncertain
consequences or other unknown disturbances. This directly contributes to SDG targets 13.1
and 13.3 [19]. In the literature, it is argued that there is a relationship between the different
areas of resilience, e.g., that resilient organizations can lead to resilient communities [9].
Therefore, resilience also facilitates SDG targets 9.1 and 11.b [20,21]. Furthermore, it is
shown that social and environmental practices have a positive effect on long-term metrics,
and researchers have argued that they therefore support resilience [22]. Hence, this paper
intends to contribute directly to research approaches supporting sustainability and the
SDGs. It provides a holistic view on how to achieve a higher state of resilience in value
creation systems, helping industrial stakeholders to adapt to global sustainability risks.

1.3. Industrial Relevance: Impacts of the COVID-19 Crisis on the Electrical Industry

The electrical industry in Germany is represented by ZVEI, the German Electrical
and Electronic Manufacturers’ Association. ZVEI has more than 1600 member compa-
nies, which account for approximately 90% of the employees of the electrical industry in
Germany. Its member structure comprises global players as well as medium-sized and
family-owned companies. ZVEI’s members employ 867,500 people in Germany, and an
additional 790,000 people globally. The sector generated a turnover of approximately
181.9 billion Euros in 2020. The electrical industry accounts for 10% of industrial turnover,
14% of total employees, as well as 3% of the gross domestic product of Germany in 2020 [23].
Its companies employ 26% of all employees in the area of research and development, are
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responsible for 23% of innovation expenditures of the manufacturing industry, and realize
one-third of their turnover with product innovations.

The electrical industry is an essential supplier for the health, building and mobility
industry as well as for the energy sector. Typical products are automation components and
systems, batteries, consumer electronics, home appliances, microelectronic components and
systems, electric power tools, medical systems, and electrical installation systems, as well as
electric traction systems and vehicles, among others [24]. Consequently, most of the business
models of the electrical industry are B2B-oriented, with comparatively little B2C orientation
addressing electrical consumer products such as home appliances. Value creation of the
electrical industry is characterized by highly interconnected global networks [25].

In April, during the first wave of the COVID-19 pandemic, ZVEI conducted two
surveys on the impact of the crisis on the electrical industry in Germany. 128 member
companies participated in the survey at the beginning of April (4–7 April 2020). The partic-
ipants comprised 24% (45 billion Euros) of the sector’s turnover. 114 member companies
participated in the second survey at the end of April (23–27 April 2020). The participants of
this second survey comprised 41% (78 billion Euros) of the sector’s turnover. Comparisons
of selected results from both surveys are presented in Figures 1 and 2.
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In the first ZVEI survey, more than half of the participating companies (55%) had
already received fewer orders than before the crisis. 26% reported a slump in orders
(see Figure 1). In the same survey, the companies expected sales to fall by an average of
14%. Only 3% considered it realistic to completely make up for these losses within the
near future. The rest expected to recover only half of them or even less in the foreseeable
future [26]. In the second survey, 12% expected to make up for the loss [27].

In the second survey, 86% of the companies continued to report slight problems with
their suppliers. For 7%, the problems had taken on a serious level (see Figure 2). As far as
the supply chain was concerned, 68% of companies were experiencing slight difficulties,
and 26%, serious difficulties. For around 90% of companies, sales of their own products and
services had been impaired. In half of the cases, orders had collapsed. In just under a third
of the companies, sales had also been disrupted due to their own production stoppages
(see Figure 1) [27].

At the beginning of April 2020, the COVID-19 crisis had already hit the companies
of Germany’s electrical industry quite hard. In particular, a decrease in orders, as well as
production downtime and limited supply chain functionality, hindered the production
systems of the electrical industry. The impact of the crisis further increased over April, and
the production conditions for the companies continued to deteriorate.

This snapshot of the situation in April is also evident when looking into the economic
development of the electrical industry from January to October 2020. According to the
ZVEI economic barometer in January 2021, orders were down 6.9% compared to the same
period in the previous year. In the first ten months of 2020, production was 8.1% lower
than in the first ten months of 2019. In those ten months, the aggregate sector turnover
amounted to 146.8 billion Euros, 7.2% short of the previous year’s figure. In November
2020, 26% of the sector’s companies rated their current economic situation as good, 49% as
stable, and 25% as poor. As far as expectations for the coming six months were concerned,
24% of the companies expected business to pick up, 61% expected it to remain stable, and
15% to slow down [28].

The COVID-19 crisis showed the vulnerability of global value creation networks, and
led to negative impacts for the electrical industry in Germany with its complex, glob-
ally connected manufacturing systems. Resilient value creation approaches can enable
industrial stakeholders to cope with future crises in a more efficient and effective manner.
Resilient value creation is expected to reduce the negative impacts of internal and external
shocks and contribute to the competitiveness of companies in a future that is increasingly
shaped by the direct effect of climate change. In conclusion, the identification of spe-
cific patterns for resilient value creation, as intended by this paper, can be of substantial
industrial relevance.

2. Literature Review

The aforementioned results exemplify the effect of an unexpected crisis on companies.
This is where resilient value creation comes into play as an answer to the posed challenges.
The concept of value creation, laid out in the following text, is based on a manufacturing-
oriented perspective as described by Stock et al. [29], and Stock and Seliger [30]. Companies
create value by linking value creation modules of different aggregation levels, e.g., factories,
production lines or assembly workspaces, in horizontally and vertically integrated global
networks. Individual business models define and frame the activities of stakeholders
involved throughout the value creation network, and lead to cooperation and competition
among them.

2.1. Resilient Value Creation

Organizations must continuously prove themselves against adverse events that can
have a negative impact on them. Enterprise risk management and business continuity
management are established approaches that support businesses in acting proactively and
reactively. These approaches are based on risk identification, which is difficult because they
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depend on knowledge about the nature of the adverse events, as well as their occurrence
probability and impact [12]. Additionally, these methods usually assume the independence
of risks, which in today’s complex systems and networks is questionable [31]. Furthermore,
Fiksel et al. [12] argue that the process of risk management is too simplified, and learning
opportunities are not considered, as risk management always assumes a return to its initial
state. They conclude that, while building resilience might not be a substitute for other
risk management approaches, it is an approach that continuously adapts to changing
circumstances and can give a competitive advantage by building capabilities [12].

The term “technological sovereignty” is strongly related to the topic of resilience. It
is defined as “the ability of governing bodies to choose and take political, economic, and
scientific measures of their own within the operational framework of their international
commitments. The aim is to protect well-defined system-critical infrastructures, including
the competence to control risks associated with the use of certain technologies” [32] (p. 3).
The COVID-19 crisis, especially at the beginning of the pandemic when global supply
chains were massively disrupted, demonstrated the dependency of European society on
products imported from non-European countries, leading to increasing global competition
and tensions in international trade [32]. The capability to provide key technologies without
relying on third countries is now an ongoing political discussion. Technological sovereignty
thus describes the actions of a government on a macroeconomic level to ensure indepen-
dence in clearly defined core areas of great social-economic relevance, whereas resilience
covers the actions of individual companies on a microeconomic level for increasing the
ability to cope with shocks of different sorts.

The overview of the development of the term, “resilience”, by Linnenluecke [33]
identifies the origins of the concept in publications as early as 1981. The term is used in
several contexts such as psychology, ecosystems, infrastructure, etc. Bhamra et al. [1] see
the common definition across all fields of resilience as the “capability and ability of an
element to return to a stable state after disruption” [1] (p. 5376), although the context
might change from an ecological, individual or organizational perspective. McManus
et al. [9] point out that there is a connection between the different fields and perspectives
of resilience, as resilient organizations can lead to resilient communities.

Previous research on the topic of resilience has shown that there are different defini-
tions of the term [3], and the research itself is divided into several research streams, one of
them being the “adaptability of business models” [33]. Duchek [3] identifies three scholarly
groups. The first one views resilience as the ability to resist and recover, and the second
one focuses on the development “of organizational processes and capabilities”, while the
last group also brings anticipation into its scope.

Collections of definitions of resilience in the organizational context (and others) can
be found, for instance, in Bhamra et al. [1], Kamalahmadi and Parast [5], Linnenluecke [33]
and Duchek [3]. So far, there is a lack of consistent conceptualization [3,33].

The measurement of resilience is an ongoing research topic; however most studies mea-
sure resilience after specific events, predictive factors are missing [33]. Ruiz-Martin et al. [6]
suggest the four levels of fragile, robust, resilient, and antifragile to classify the resilience
level, and note that these can change over time. The measurement itself is not the topic of
this article. However, it is assumed that achieving higher states of resilience is possible.

To conceptualize resilience, and for ease of understanding the concept, Thoma [34]
suggests a resilience cycle consisting of five phases—prepare, prevent, protect, respond
and recover—based on approaches from classical disaster management. Duchek [3] uses a
three-phase approach that includes anticipation, coping and adaptation. During the first
phase, which Duchek [3] defines as an offensive one, the organization should observe its
environment and prepare for unexpected events. This is followed by the coping phase,
where actions are conducted as a response to the event and adaptation after the event,
where the organization should transform and adapt based on learning from the crisis it has
undergone [3]. Following this approach, in this study, three phases are applied for ease
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of usage and increased practical applicability. However, within the first phase, we also
include resistance to an unexpected event as a possible reaction and not only adaptation.

Based on the existing definitions from Ruiz-Martin et al. [6], and Vogus and Sutcliffe [7],
for the purpose of the paper we define resilient value creation as follows: the ability,
capacity or capability of value creation systems, including its stakeholders, to return to
a competitive state (which can be based on a different business model than before) by
preparing for, responding to, and recovering from internal or external and known or
unknown disturbances.

Thus, measures of resilient value creation can be characterized by combining different
business model activities throughout the phases of anticipation, coping and adaptation of
the resilience cycle.

2.2. Business Models and Business Model Patterns

As mentioned before, “working constructs that are practical and effective in the short
and long term” [9] are essential for achieving corporate resilience. Business models can be
understood as such constructs as they allow, depicting and thereby capturing organizations
with all their elements and respective characteristics in their entirety [35–37]. Furthermore,
they allow the adequate analysis and design of organizations [38,39]. In this context, gener-
ating value for the organization and its stakeholders represents the overall goal [35–37,40],
through which competitive advantage can be realized and organizations’ survival can
be secured [35,37,41].

In the context of this paper, resilience can thus also be understood as an organization’s
capability to always have an adequate business model at hand for both short-term and
long-term competitiveness, and thereby, survive. For the generation of business models, a
variety of approaches exist [36,42].

A particularly promising, efficient and effective approach is the application of so-called
business model patterns [13,43,44]. In the relevant literature, business model patterns are
generally understood as design options for the configurations of a business model which
has proven successful in practice, and represents solutions for recurring problems [44–46].
In addition to the term “business model pattern”, different terminologies are used: busi-
ness model analogies [47]; atomic business models [48]; operating business models [49];
profit models [50]; business models [51]; business model configurations [52]; and business
model archetypes [53].

Business model patterns can refer to both a business model as a whole and to in-
dividual elements of a business model [47,54]. A business model can thus represent a
combination of different patterns. According to Gassmann et al. [46], business model
patterns are of particular importance, because their analysis of disruptive business models
over the last 50 years shows that more than 90% of all business model innovations are
merely recombinations of known ideas, concepts, and elements of business models from
other industries. Against this backdrop, leveraging business model patterns that have
proven successful in other industries and companies offer an efficient approach for gener-
ating business models and for decision support [13,44,55]. To date, a variety of business
model pattern collections with different focuses have been created [13,42,43,56,57]. In this
context, the focus has been put on different industries and businesses such as banking [58],
car-sharing [56], destination management [59], e-business [38,60–62], e-mobility [63], open
data [64], the internet of things [65], insurance [66], social business [67,68] and utility
computing [69], as well as industry-independent generic patterns [43,52,57,70]. In addition,
a variety of pattern collections have been dedicated to the field of sustainability [13,71–75],
focusing on the areas of economic, environmental and social dimensions in the frame of
business models and their development. Regardless of the respective focus, the develop-
ment of pattern collections is carried out both by means of literature analyses, taking into
account scientific and non-scientific articles (e.g., [43]), and based on empirical research
(e.g., [46]), as well as by means of conceptual work (e.g., [62]), and combinations of the
different approaches (e.g., [58]).
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To the best of the authors’ knowledge, so far, no specific collection that focuses on
business model patterns with regard to resilience is yet available. Complementary to exist-
ing general and sustainability-focused pattern collections, as well as further approaches for
designing resilient and sustainable business models (e.g., [14,76]), a generic pattern collec-
tion dedicated to resilience seems promising, and thus illustrates a promising approach for
supporting organizations in becoming and remaining resilient.

3. Methodology

To investigate which business model patterns are relevant for resilient value creation
during COVID-19, and what can be learned for future crises, this research focused on the
recommendations and findings of globally operating business consultancies. At the begin-
ning of the pandemic, only a few academic publications on resilience during the COVID-19
crisis were available. In contrast, consultancies were able to publish their experiences ad
hoc without the need of going through academic review procedures. Therefore, this study’s
methodology focuses on the consultancies’ insights in order to gain practical-oriented
knowledge with high relevance for the industry. Thus, the research results provide an
overview of the resilience experiences from global consultancies during the beginning of
the COVID-19 crisis.

The research methodology followed the algorithm shown in Figure 3. To support the
procedure, Microsoft Excel was used. First, relevant sources were identified by analyzing
resilience-related open-access publications of established business consultancies, sourced
from their websites. For starting the algorithm, a consultancy was randomly selected from
a list of the top 10 consultants by revenue [77], and searched for resilience-related content
on their websites. For the respective consultancy under consideration, the relevant content,
i.e., individual sources, was then extracted. Subsequently, in each of these publications,
relevant statements were identified. A statement represents a self-contained approach
for resilient value creation. From each single statement, specific objectives and patterns
were condensed and transferred into one list. In the next step, the novelty of the identified
patterns was checked by comparing them all before capturing anonymized patterns. After
processing each publication, it was evaluated regarding a pre-defined convergence criterion.
The convergence criterion was defined as the number of new patterns of a publication
divided by all patterns of that publication. For the threshold, 10% was determined. This
allowed monitoring of the knowledge gain during the research process. In the case that
newly sourced statements repeatedly did not contribute new knowledge in terms of unique
patterns, and convergence was reached, the review was stopped. Eventually, four different
consultancies (BCG, McKinsey, Deloitte, EY; k = 4) and 10 related publications (p = 10)
were analyzed, leading to 171 statements (m = 171). From these statements, 226 objectives
(n = 226) and 245 patterns (z = 245) were derived. The convergence criterion for the final
source equaled 0.077, meaning that only 8% (or 1 out of 13) of the patterns derived from
this source could be classified as novel. The two previous iterations reached 15% (8 out of
54) and 25% (4 out of 16) regarding the convergence criterion. By reaching a value below
0.1 in the final iteration, the algorithm was exited.

Subsequently, the list of objectives and patterns, i.e., the “Bucket of Patterns”, was
processed. This step included a further clustering of the objectives and patterns in terms of
similarity. This resulted in 13 objectives. Under each objective, similar patterns were then
grouped together and reformulated as an actionable measure. At the same time, patterns
that were too broad or general, or articulate an objective itself, were omitted. In total,
this resulted in 110 unique patterns. In the next step, each of the remaining patterns was
assigned to one or more resilience phases according to Duchek [3], based on its content.
Furthermore, each pattern was assigned to one or more elements of the business model
according to Osterwalder and Pigneur [36]. In the case where patterns affected the business
model as a whole, they were assigned to an overarching business model level.
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As a result of this procedure, the pattern catalog comprised 13 objectives and 110 pat-
terns, and was subsequently validated through semi-structured interviews with 3 experts
from the electrical industry. The identified patterns were also compared with the afore-
mentioned characteristics of the German electrical industry. In conclusion, the main result
of this research is a qualitative meta-study of validated patterns for industrial resilience,
based on the practical experiences of well-established business consultancies. The results
of this approach are presented in the following section.

4. Results and Validation

This section takes a closer look at the objectives, the patterns and their assignment
to resilience phases and business model elements, before describing how the patterns
were validated.

4.1. Results

The provided structure aimed at enabling practitioners to choose suitable patterns
from the catalog according to their individual needs. All patterns are listed in Supple-
mentary Table S1, which shows the 13 objectives, a short explanation and the number
of patterns within each objective. As shown in Table 1, most patterns were assigned to
the objective “ensure liquidity” while a few are assigned to “empower people and create
culture” and “increase transparency of the value creation system”. However, the number of
patterns per objective does not allow any conclusions about importance. For a discussion
of the objectives against the literature and their relevance, see Section 5.

Table 1. Identified objectives of resilient value creation and number of patterns per objective.

Objective Brief Explanation Number of Patterns

Adapt and align leadership All changes which are necessary in the leadership style of the
organization and the strategic orientation. 10

Anticipate change in customer demand Identify at an early stage how customer needs and
distribution channels are changing, e.g., towards digital sales. 10

Anticipate moment of rebound
Identify early on when the disturbance is over, and then
prepare accordingly to ensure a smooth and fast ramping-up
of operations.

6

Create awareness on different scenarios
and risks

Facilitate better understanding about the occurrence and
effects of possible adverse events, as well as
feasible countermeasures.

12
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Table 1. Cont.

Objective Brief Explanation Number of Patterns

Design a flexible system
Create a system and its components, be it individual
organizations, supply chain or technical systems, to be
easily modified.

10

Empower people and create
culture

Build competencies and motivation to create a higher
individual resilience, as well as facilitate a cultural framework
in which people can act resiliently.

5

Enable agile actions Facilitate quick and easy response to any changes
when necessary. 8

Ensure employees’ safety (in a health
crisis)

Guarantee the physical and emotional wellbeing of the
employees, especially in a health crisis. 8

Ensure liquidity Stay on top of finances to have sufficient cash available or be
able to convert assets quickly into cash. 15

Identify revenue opportunities Question product and service listing and reorganize
if necessary. 6

Increase robustness Create stability and reduce vulnerability to severe impacts by
increasing redundancy and diversity. 6

Increase transparency of the value
creation system

Share information with suppliers and collect information, e.g.,
by “control towers”, and create visibility of material stocks. 5

Use digital processes and work tools
Digitalize the complete system from E2E, and use digital tools
to support employees. The basis is IT security, which is a
top priority.

9

Total 110

With regard to the distribution of patterns in relation to phases and objectives, different
insights can be gained. As shown in Table 2, most patterns are assigned to the coping
phase (65). This is followed by 48 patterns assigned to the adaptation phase, and 47 to the
anticipation phase, as shown in Table 2. A possible explanation for this distribution among
the phases might be the time frame of the study. It was conducted when most companies
had to deal with the consequences of COVID-19, and consultancies tried to offer related
solutions. Regarding the relationship between objectives and resilience phases, the data
show that nearly all objectives are represented in more than one phase, except “anticipate
moment of rebound”. This objective is only present during adaptation. Contrary to the
general focus on coping and adaptation, there is a clear relationship between the “creation
of awareness” and the anticipation phase, which seems logical as it is most important before
the disturbance affects organizations. In this way, organizations can react early and quickly.
The objective “ensure liquidity” has a high relevance during the coping phase, as it is most
crucial for organizations to stay on top of their finances during this phase. The objective
“ensure employees’ safety” was not represented during the anticipation phase, but it shows
high representation during the coping phase. Building a robust operation needs a clear
focus on anticipation, with no patterns assigned to adaptation. The advancement in digital
processes shows little relevance during the adaptation phase. When discussing this topic,
it is important to consider that the process of becoming resilient is regarded as a cycle.
Therefore, each adaptation phase is followed by an anticipation phase. However, if a
company is well prepared, it might require fewer or no activities during the crisis itself.

The distribution of patterns according to the business model elements is illustrated
in Table 3. By far the most frequent patterns are those assigned to key resources (52),
followed by key activities (28). The explanation of this concentration relates to the high
prevalence of patterns in the coping phase. When companies were forced to cope with the
initial effects of the pandemic, existing resources and processes were the obvious starting
point. A significant, yet only approximately half as large, number was assigned to key
partners (23), which might be explained through supply chain difficulties arising. Sixteen
patterns showed a relationship to the business model as a whole (row: “meta”) signaling
the need for broader measures to deal with the pandemic. In general, it shows that, across
all patterns, the internal view of the business model (cost structure, key activities, key
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resource) is more in the foreground than is the external view (revenue stream, customer
segments, channels, customer relationships, key partners).

Table 2. Objectives in the respective phases of resilience. Dark shades highlight the highest number of patterns in the
respective objective cluster.

Objective
Resilience Phases

Number of Patterns in
Anticipation Phase

Number of Patterns in
Coping Phase

Number of Patterns in
Adaption Phase

Increase transparency of the value
creation system 3 3 2

Increase robustness 6 2 -
Create awareness on different scenarios

and risks 10 4 4

Design a flexible system 6 4 5
Empower people and create culture 2 4 4

Enable agile actions 4 6 1
Ensure employees’ safety (in a health crisis) - 7 1

Ensure liquidity 2 12 6
Adapt and align leadership 4 7 3

Anticipate change in customer demand 2 9 3
Use digital processes and work tools 7 4 9

Identify revenue opportunities - 3 4
Anticipate moment of rebound - - 6

Total 47 65 48

Table 3. Distribution of identified patterns across business model elements.

Business Model Element Number of Patterns

Meta 16
Key Partners 23

Key Activities 28
Key Resources 52

Value Proposition 9
Customer Relationships 5

Channels 9
Customer Segments 8

Cost Structure 17
Revenue Streams 12

4.2. Validation

The validation of the identified business model patterns, and the related classification
according to resilience phases, objectives and business model elements, was based on a
joint workshop with three company representatives from the electrical industry, as well as
two representatives of ZVEI.

In the beginning, a short questionnaire for assessing the current and future relevance of
industrial resilience for Germany’s electrical industry was used. All participants agreed that
issues related to industrial resilience gained importance during the COVID-19 pandemic
and will become an even more important topic in the future.

Afterward, a qualitative discussion of the overall research approach, as well as of
individual objectives and patterns related to the electrical industry, was conducted. Most
of the patterns were assessed as very important or important by the participants. Some
patterns assigned to the objectives “ensure revenue opportunities” and “ensure liquidity”
were neither assessed as important nor as unimportant, as the representatives felt more con-
fident about discussing patterns related to manufacturing and supply chain management
due to their specific backgrounds. During the discussion, it was stated that the catalog of
patterns is an important means for improving industrial resilience in the value creation
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of companies. However, it was pointed out that many patterns are rather generic and
are applicable to any industry. Thus, it was noted that specific challenges of the electri-
cal industry were not being sufficiently addressed. A core statement of the participants
was that dual/second sourcing strategies often cannot be effectively realized, since only
a few suppliers are globally capable of manufacturing complex electrical or electronic
parts and products. This fact is currently also highlighted in the media, as a shortage of
microelectronics and chips is hindering the manufacturing process of many companies.
The shortage shows that manufacturing capacities of sufficient quality cannot be scaled
up quickly, due to the high complexity of the required processes and produced products.
Thus, the implementation of redundancies by emphasizing dual-sourcing strategies in
value creation networks seems not to be a favorable approach for the electrical industry.

Since the identified objectives and patterns are non-industry-specific for the time
being, it is necessary to interpret them against the background of the challenges faced
by the electrical industry as described in Section 1. The electrical industry as a whole
shows a very high degree of connectivity with other sectors, and therefore covers a very
diverse spectrum of products and services. This ranges from end-customer business for
building automation and digital services in the healthcare sector, to highly specialized plant
technology in industrial production. With this in mind, a collection of generic patterns
(see Supplementary Table S1) is generally necessary to cover the wide range of potential
challenges faced by individual companies. Nevertheless, several characteristics of the
electrical industry must be considered to align the pattern catalog accordingly (see Table 4).

Table 4. Characteristics of the electrical industry in Germany and the resulting focus for the resilience patterns.

Characteristic of Electrical
Industry and Relevance
for Resilience

Related Resilience
Objectives

Related Business Model
Elements

Resulting Focus for
Resilience Patterns
(Reference for Pattern ID in
Supplementary Table S1)

Mainly B2B-oriented:
long-term and more rational
business relationships but
limited overview of quickly
changing end-user markets

• Anticipate change in
customer demand

• Anticipate moment
of rebound

• Customer relationship
• Customer segment
• Channels

• Consider long-term
effects of prioritization
and pricing on
relationship with key
customers (2.5; 2.10)

• Monitor behavior of
end-customers of
customers to anticipate
demand changes early
and dampen bullwhip
effect (2.4; 3.3; 3.5)

High share of turnover with
capital goods: higher
susceptibility to delayed
investments by customers

• Anticipate change in
customer demand

• Design flexible systems

• Value proposition
• Revenue streams

• Expand products with
supporting services to
generate continuous
revenue (2.1; 2.9; 5.1)

• Utilize product-service
systems to provide
functionality instead of
ownership, to
accommodate flexible
demand and reduce
dependency regarding
financial investment
barriers (2.2; 2.3; 2.4; 5.1)
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Table 4. Cont.

Characteristic of Electrical
Industry and Relevance
for Resilience

Related Resilience
Objectives

Related Business Model
Elements

Resulting Focus for
Resilience Patterns
(Reference for Pattern ID in
Supplementary Table S1)

High portion of digital
products and services: ability
to support customers’
increased transparency and
flexibility needs to
address crises

• Identify revenue
opportunities

• Use digital processes and
work tools

• Increase transparency of
value creation system

• Key activities
• Value proposition
• Channels

• Leverage and advance
the technology portfolio
to serve upcoming
digitization demands
created by the crisis (10.2;
10.3; 10.4)

• Accelerate internal
digitization projects to
ensure effective working
capabilities (13.1; 13.7;
13.8; 13.9)

• In own products,
enhance data generation
and usage to as basis for
transparency needs (12.2;
12.4)

High degree of innovation:
ability to realize new
technologies and applications
for changing needs

• Identify revenue
opportunities

• Value proposition
• Key activities

• Create new features and
services quickly,
concentrating on
essential features (10.2;
10.3)

• Transfer changes into
new long-term business
models (10.1; 10.2; 10.4)

High number of SME: faster
reaction capability but limited
financial and personnel
redundancies

• Adapt and align
leadership

• Empower people and
create culture

• Ensure liquidity

• Key resources • Utilize closer
management proximity
from owner/CEO to
employees to make and
implement decisions,
considering the strategic
perspective as well as
current operative
problems (1.3; 1.5; 6.4)

• Secure availability and
skills of key personnel to
reduce dependency on
individuals (1.2; 6.2)

• Utilize better process
overview and autonomy
of employees (1.4; 6.1)

• Focus on ensuring
liquidity with internal
measures, as bank loans
are less accessible (9.1;
9.3; 9.10)

Highly globally connected
supply chains with limited
supply alternatives: higher
susceptibility to impairments,
even locally.

• Create awareness on
different scenarios and
risks

• Design flexible systems
• Increase robustness

• Key partners
• Key resources

• Monitor events and risks
on global (political)
landscape (4.6; 4.7)

• When redundancies and
alternatives cannot be
achieved by
dual-sourcing, adapt
inventory allocation and
prioritize customers (5.1;
5.8; 5.10; 11.3)
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Most business models in the electrical industry are B2B-oriented, which simplifies
communication, as customer contacts are mostly well defined and requirements are more
explicit compared to the B2C market. However, when prioritizing individual customers
in the event of shortages, greater attention must be paid to the long-term effects on the
supplier–customer partnership. As the electrical industry is a driver for digitization and
innovations, with digital products and services being elements of many business models,
existing capabilities and activities can be leveraged to serve external demands quicker and
translate new features into long-term post-crisis business models. At the same time, this
provides opportunities to advance internal digitization roadmaps. Small and medium-
sized companies (SMEs) make up the majority of the electrical industry. As SMEs have
a limited access to external loans from the financial market for investments, in any case,
patterns to ensure liquidity without relying on external sources need to be focused. On the
other hand, the closer relationship between management and employees can be utilized
to establish clear communication and decision making in a quicker and more credible
manner. The high level of connectivity in global supply chains represents a major risk for
electronics companies, as multiple regions have to be continuously monitored both from
a demand and a supply perspective. At the same time, the global networks often cannot
be used to create supply alternatives via dual-sourcing, as the necessary resources and
components are often only available through very few suppliers. To compensate for this,
companies need to resort more often to adapted inventory strategies and the prioritization
of customers.

5. Discussion and Future Recommendations

The catalog is based on found statements in consulting publications, and therefore
provides a picture of how to achieve resilience from a practical point of view, giving
managerial recommendations. At the same time, it provides the basis for comparison with
scientific literature. Practitioners can use the catalog in different ways. First, it gives a
holistic overview of objectives and assigned patterns for reaching a state of higher resilience.
Second, by combining resilience phases and patterns, it helps to shift the focus to what
time each objective should be pursued. Third, by combining business model elements and
patterns, the catalog on the one side helps to identify patterns that are suited to making
single business model elements more resilient, and on the other side, the categorization
simplifies the allocation of patterns within the organization. At the same time, this still
is a general catalog; the suitability of each pattern for the specific question still needs to
be checked every time. A company-specific solution also needs to be worked out by the
practitioners. The interrelationship of the patterns was not investigated. It was assumed
that each pattern in itself increases resilience.

There are, however, limitations to this study. First, only a few well-known consultan-
cies were considered. Second, the approach concluded the search when a convergence
criterion was reached. Continuing might deliver more insights; however, the number is
expected to be very small. Third, in the course of this study, validation took place in a
qualitative way in a single workshop, with experts from different companies from the
German electrical industry. While it is unlikely, as the experts came from multinational
organizations, it is possible that in other countries there will be a different result. Thus,
applying the catalog to companies to gain insights on its applicability and usability con-
stitutes a logical next step. Lastly, some patterns are certainly a reaction to the type of
crisis. As COVID-19 was a health crisis, some patterns and objectives might be less relevant
during other types of crisis, especially the cluster of ensuring employees’ health and safety,
which might be less relevant during non-health-related crises. The cluster regarding a
change in customer demand might also be less oriented toward a digital channel during
other crises.

Comparing the objectives against existing literature can give more insight into whether
the proposed patterns extracted from consultancies improve resilience. As the objectives fit
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with resilience in the literature, and the patterns fit with the objectives, this can be seen as
confirmation of the patterns.

The ability to come to a good decision quickly, among other factors, is influenced by
leadership, decision-making structures and knowledge management, and the flexibility
of an organization [9]. This confirms the general relevance of the objectives “adapt and
align leadership” and “empower people and create culture”. Defining a long-term vision
(1.9) is seen as a positive factor for resilience [4]. According to the literature, including
other opinions into the decision-making process, as well as decentralizing control [4],
supports resilience. This confirms patterns 1.4 and 1.7. However, it contradicts pattern
1.3. A possible explanation is that, according to the analyzed literature, at different times,
different leadership styles should be utilized. The focus on finding solutions quickly, rather
than finding the perfect solution (1.6), is found in the literature as the term “bricolage” [78],
which is seen as an important aspect of resilience [11]. Creating a culture where disruptions
are seen as an opportunity, and which is supporting creativity [4,11], is a driver of resilience,
yet this is not explicitly mentioned in the patterns. Having enough available personnel (6.2)
and ensuring that they are motivated and aligned (6.4), e.g., by ensuring their wellbeing
(6.5), can also be found in the literature [4].

The clusters “anticipate change in customer demand” and “anticipate moment of re-
bound” are not found in the literature with this particular focus. However, the implications
of this focus on manufacturing and on fulfilling customer demands (2.8, 2.9, 3.2, 3.4, 3.5)
are important topics when addressing supply chain resilience [12].

The objective “create awareness on different scenarios and risks” can be found in
many sources. Existing literature addresses the awareness of the environment in which the
organization is operating, e.g., by building scenarios [9], and at the same time addresses
managing potential negative impacts on the organization [9]. Organizations need to be able
to observe the environment, identify possible threats, and prepare accordingly [3]. In this
context, it is also important to recognize the problem [3]. Most of the patterns in this cluster
are placed into the anticipation phase (see Table 2). This is in line with Duchek [3], where
“observation and identification” [3] is placed in the anticipation phase. This capability in
turn is closely related to the objective “increase transparency of the value creation system”,
as it is also related to the information within the system. Patterns can therefore be seen as
relevant. The patterns related to the supply chain (12.2, 12.4, 12.5) can also be found as
visibility [12] in previous literature.

The objective “ensure liquidity” is focused on financial resource availability, as that
was a particular focus within the analyzed publications. While that factor can also be
found in the scientific literature [3,4,6], there it is not only understood in terms of financial
resources but also as the availability of other resource types.

The cluster “design a flexible system” can be found in the literature regarding supply
chains [12]. Patterns within the objective “enable agile actions” are focused more on the
ability of individuals to perform agile actions [4,9,11], which has been covered above.

Redundancies to build robustness are mentioned especially in the literature [3,4,6,12],
and are therefore seen as relevant. Furthermore, the literature mentions the importance
of networks and collaborations [4,6], which is also represented by the pattern “preserve
supplier networks on which you depend” in the objective of robustness.

The cluster “ensure health” is not mentioned explicitly in the literature. Nevertheless,
the well-being of staff is mentioned in the literature [4,12]. The frequent mention in the
analyzed sources of this objective is certainly a consequence of the COVID-19 pandemic
being a health crisis. Therefore, it might be less relevant in other types of crisis; however,
as it is also generalized in the literature it seems to be relevant to a certain point.

The patterns of “identify revenue opportunities” are not prevalent in the scientific
literature. In contrast, liquidity and revenue generation are frequently mentioned in the
grey literature of consultancies. This can be seen as too narrow a focus on short-term
and reactive measures in the field of resilience management. On the other hand, it can
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also indicate a research gap regarding the criticality of available cash as a basis to survive
a crisis.

The objective of “digital processes and work tools” is not directly represented in the
scientific literature. The aspect of cybersecurity (13.4, 13.5) is, however, mentioned [12].
The analyzed literature stems mainly from the context of the COVID-19 pandemic, during
which capabilities for remote working by utilizing digital tools were highly relevant. It can
be assumed that digitization is not an unlimited measure for improving resilience and may
also have negative effects in specific crisis situations.

An aspect that is highlighted by the literature is learning from the previous crisis and
changing accordingly afterward [3]. This aspect was not present in the analyzed consulting
literature; pattern 4.4 only partly includes it.

Further insights can be gained by comparing the results of this study with existing
pattern collections from the business model domain. When matching the patterns with
collections focusing on sustainability, the main differences persist with regard to the content
of patterns and the structure or classification of patterns. In collections such as those by
Lüdeke-Freund et al. [13] and by Lüdeke-Freund et al. [72], and Bocken et al. [73], content-
wise focus is predominantly put on the environmental as well as the social dimension
of business models. This aims to improve regular business performance with regard to
these dimensions, while economic performance is also considered. When being applied
to specific industries, as for example in the case of the banking industry, the patterns are
adapted to that industry’s characteristics [58]. Regarding the results of this study, this
would entail adapting the pattern catalog to the electronic industry, which has not been
realized at present. Crises in terms of single events that are needed to be dealt with are not
explicitly focused on or taken into consideration in the mentioned collections.

The predominant focus on sustainability dimensions is also reflected in the structuring
or classification of patterns in these collections. Patterns are clustered in topics related to
the environmental and social dimension, e.g., creating value from waste, substituting with
renewables and natural processes, and encouraging sufficiency [58], or are assigned to
the three dimensions of sustainability or subdimensions of the sustainability triangle [13].
On the other hand, a similarity with regard to the current study persists in the fact that
business model elements and underlying elements are partly applied to structuring or
classifying patterns [72].

The comparison of the pattern catalog of this study to generic pattern collections
draws a different picture. In contrast to the aforementioned pattern collections with a focus
on sustainability, the economic performance seems to be in the foreground. Patterns that
are related to social or environmental aspects are partly considered, but seemingly play a
subordinate role here. Crises, on the other hand, are also not explicitly considered [56,57].
In relation to this study, it shows that although patterns of similar content are included in
the generic pattern collections, especially those related to increasing revenue and decreasing
costs, they are also related to sourcing and other aspects [43]. A further similarity with
this study is the structuring or classification of patterns, which also takes into account
business model elements and an overarching business model perspective [43]. Regarding
the structuring of patterns, the contribution by Remane et al. [56] provides some insights
on how structuring can be conducted in the case of specific industries. Here, the patterns
are assigned to specific characteristics of the car-sharing business, which is in general a
promising option for structuring existing collections according to specific industries.

Against the backdrop of the preceding explanations, it can be concluded that resilience
has until now not been taken thoroughly into consideration in the context of business
model patterns, although overlaps between the content of this study’s catalog and existing
collections exist. Thus, bringing the different collections together and structuring them
according to the respective focus of business model development, e.g., improving resilience,
seems promising. In this context, the structuring of patterns plays a very important role, as
it determines the access to and the usability of collections.
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Besides the differences and commonalities between the different collections, their ap-
plication requires a structured approach for target-oriented business model development.
Therefore, the focus should be put on synergies between existing collections and further
pattern-independent approaches. In the context of resilience, bringing this study’s collec-
tion and, for example, the approaches by Carayannis et al. [14] and Biloslavo et al. [76]
together, is a promising next step towards a systematic business model development
for resilience.

6. Conclusions and Outlook

This study made a first attempt to fill the research gap related to the lack of pat-
tern collections, with a focus on resilience. Based on publications by large consultancies,
110 unique patterns were identified and compiled in a catalog. For structuring the cat-
alog and thereby enabling target-oriented access to the patterns, these were assigned to
13 objectives related to resilience, developed through clustering, and assigned to the three
phases of resilience as well as to business model elements. The structured, yet generic,
catalog was validated based on interviews with representatives of the German electrical
industry. Additionally, the pattern catalog was analyzed and interpreted with regard to the
characteristics of the German electrical industry. This resulted in the selection of patterns
that are of high relevance for the industry, with industry-specific interpretations. These
steps showed the catalog’s general relevance, as well as its usefulness in the context of the
electrical industry.

With regard to practice, the catalog thus provides companies with an overview and
specific starting points for becoming more resilient, which can be selected according to
company-specific needs. The assignment to the resilience phases and business model
elements supports this selection. By improving the resilience capabilities of the value-
creation system through the identified patterns, companies can continue to contribute
social and economic value, especially to local communities, while maintaining economic,
ecological, and social resources. In this context, practitioners could be further assisted by
catalogs that combine different targets like sustainability and resilience.

Furthermore, the structured catalog was analyzed with regard to relevant scientific
literature, and differences as well as commonalities were identified, providing a variety of
starting points for further research and development. In this regard, it showed that not all
of the 13 objectives are represented in scientific literature, but that a general consistency
exists. The analyzed publications showed a stronger focus on health concerns, revenue
opportunities and digital processes, while the aspect of learning was less prevalent. The
timing of the analysis, as well as the nature of the current crisis, might be causal for these
circumstances, and future research should analyze the underlying reasons in more detail.
In addition, subsequent research should repeat the approach chosen in this study after the
pandemic, and see whether the identified patterns change.

Another starting point for further research persists in the analysis of existing pattern
collections from the literature with a focus on patterns that are potentially relevant for
resilience, to extend the structured catalog of this study. In addition, applying the catalog
to specific industries and extending it by industry-specific patterns through case studies
and literature analysis represents a promising opportunity to increase its relevance and
usefulness for specific organizations. Further research could also consist in reviewing
scientific and further literature independently of the current pandemic. In doing so, the
catalog could be supplemented by scientific findings, as well as by experiences from other
crises, such as the financial crisis and the ongoing disruptions between China and the
USA. In addition to the pattern-based approach outlined in this article, further pattern-
independent approaches exist that also support companies in becoming more resilient,
and that can be combined with this study’s results to unlock synergy potential. Apart
from the focus on resilience, merging existing pattern collections independent of their
focus, e.g., sustainability, creating industry-specific or general collections, and developing
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classifications or taxonomies that enable demand-oriented or occasion-related access on
this basis, represent great research and development potential.

Following up on the approach of the literature review as chosen in this contribution,
the next logical step consists in the practical application of the catalog, e.g., in a case study
approach to validate its effectiveness either within the electrical industry or outside. In the
long run, this could result in the development and deployment of a maturity model that
helps companies to follow a predefined path to resilience, based on their current status quo.
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