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Abstract

In times of crisis, a stable and secure food supply is essential. Despite Germany’s status as a developed 
economy with decades of food security, recent crises have highlighted the vulnerability of the national 
food supply chain. This explorative study aims to provide an overview of the current state of research on  
food emergency preparedness in Germany along the value chain. It also uses the example of livestock 
production in Germany to illustrate the challenges at the level of primary agricultural production during a 
blackout. A semi-systematic literature review was conducted, which identified ten relevant scientific articles 
and ten national security research projects. While the majority of these studies focus on the middle and 
downstream parts of the supply chain, primary production and upstream businesses are rarely examined. In 
addition, eleven expert interviews were conducted with livestock experts who identified ventilation, water 
and feed supply as time-critical and vulnerable areas at both the farm and supply chain levels. The results 
of this paper bring together scientific work and practical expert knowledge from different areas of crisis 
management and agricultural science, highlighting the need for future research on crisis resilience of primary 
production and the early stages of the value chain.
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1. Introduction

One crucial factor in surviving a heavy crisis situation is a sufficient, reliable and secure food supply. The 
causes of such crises can vary, ranging from extreme weather events, to technical and man-made failures 
like cyber and terrorist attacks (Brinkmann et al., 2010; Petermann et al., 2011). However, all these causes 
share a common impact: they potentially affect large parts of public life and critical infrastructures (CI),1 
including the food sector itself (BBK, 2021a).

Despite a high level of food security in Germany since the end of the Cold War (Gerhold et al., 2019b), 
recent crises such as the COVID-19 pandemic and the Russian invasion of Ukraine have demonstrated how 
quickly food supply disruptions can occur even in stable economies like Germany and Europe (FAO, 2023; 
Jagtap et al., 2022; Liu, 2020; Nakamura et al., 2024; Rivera-Ferre et al., 2021).

In this context, CIs can also be considered as supply chains (SC) whose products and services make a 
significant contribution to society (Schätter et al., 2015). To ensure food security during times of crisis in the 
short and medium term, it is important to maintain the functionality of these SC at all stages. Within the food 
supply chain, primary agriculture production, such as livestock farming and connected up- and downstream 
operations, form the base of this sector. All these operations have in common that they are highly dependent 
on a functional energy supply (Kraatz, 2012; Martinho, 2016).

The threat of an energy shortage in 2022 due to a lack of Russian gas supplies has raised the question of how 
the German livestock sector is prepared or positioned in the event of an unexpected crisis. This is especially 
relevant, given the sector’s significant contribution to the national food supply: In 2020, about 168,000 farms 
in Germany kept about 11 million cattle, 26 million pigs and 186 million laying hens, broilers, and turkeys 
(BMEL, 2022). Animal-based foods such as meat, milk, dairy products and eggs account for around 31% of 
the total calorie supply of the German population. At the same time, foods of animal origin are responsible 
for around 62% of the national protein supply (FAO, 2021). In addition, high self-sufficiency rates for beef 
(102%), pork (142%) and poultry meat (105%) as well as fresh milk products (115%), cheese (128%), eggs 
and egg products (76%) further underline the potential and importance of livestock farming for the national 
food supply (BLE, 2024).

The research focuses on the German food chain and the livestock sector in particular for several reasons. 
First, the German “Food Security and Emergency Preparedness Act” (ESVG), which came into place in 
2017, formally regulates responsibilities, authorizations and powers in the area of food production and 
supply during heavy crisis situations (ESVG, 2017). While the European Commission is aiming to expand 
international cooperation within the Member States of the European Union in the area of food emergency 
preparedness in the future (European Commission, 2021), the area of food emergency preparedness as part 
of emergency legislation still falls under the national jurisdiction of federal, state and local governments. 
According to the European Commission, nations within the EU are therefore primarily responsible for 
protecting their CI themselves (Voßschmidt and Karsten, 2019). While doing so, almost every nation, even 
within the EU, has its own approach in the context of emergency food supply (Gerhold et al., 2019a). An 
international comparison of the processes to Germany is therefore only possible to a very limited extent, 
due to the different approaches related to resilience (Hansen et al., 2020).

The aim of this exploratory paper is to analyze the impact of such a severe crisis situation on the food 
chain in general and on livestock farms in particular. In addition to the impact of crisis situations on the 

1  The German Federal Ministry of the Interior (BMI) defines CI as “[…] organisations and facilities of major importance to the national community, 
the failure or impairment of which would lead to lasting supply shortages, significant disruptions to public safety or other dramatic consequences” 
(translated from BMI, 2009: 3). In addition to the food sector, CI also includes the sectors of energy, finance and insurance, health, information and 
telecommunications, media and culture, government and administration, transport and traffic, and water (BBK, 2021b).
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food chain, this study examines the different effects of a power outage on German livestock farming in the 
course of a second step. Based on the results of a semi-systematic literature review, the study employs a 
semi-structured questionnaire to interview eleven livestock experts from the cattle, pig, and poultry sectors. 
In order to operationalize the event of such a heavy crisis situation for the expert interviews, the scenario of 
a blackout was assumed. The blackout scenario is suitable for this work as it occurs unexpectedly, without 
warning, and affects many companies at the same time. Therefore, this scenario not only tests the immediate 
crisis response of companies, but also reveals the critical dependencies along the entire food chain. In this 
study, a blackout scenario was used in which a sudden and unforeseen power outage affects large parts of 
Germany and lasts three to seven days.

This paper addresses the following research questions (RQs):
(1)	 What is the current state of research on securing the food supply in the event of a crisis situation at 

the different stages of the German food SC?
(2)	 Which areas and processes of daily production on German livestock farms are particularly vulnerable 

in the event of a blackout?
(3)	 What upstream and downstream dependencies exist in German livestock production that could lead 

to a collapse of the animal-based food sector in the event of a blackout?

This study contributes to published research on crisis and disaster management as well as on agricultural 
economics in different ways. First, it provides an overview and summary of the current state of research 
in this topic. Second, the study aims to identify possible bottlenecks in typical production processes that 
could lead to a disruption of the food chain during a blackout. Third, it provides a starting point for the 
development and evaluation of further resilience increasing measures of livestock farms and related upstream 
and downstream businesses in crisis situations.

2. Conceptual background

The following chapter presents the conceptual background of this study. Using the concepts of resilience, 
Business Continuity Management and Supply Chain Continuity Management, the results are critically 
evaluated.

2.1 Enhancing critical infrastructure resilience

The basic concept of “resilience” describes the ability to cope with unknown situations or disruptions to the 
normal state, to adapt and recover without permanent damage, and to return to a functional state (Walker 
et al., 2009). The term is widely used in different fields, such as psychology, climate research, or ecology 
(Holling, 1973; Reid and Botterill, 2013; Southwick et al., 2014). In recent years, the concept of resilience 
has been steadily expanded and increasingly applied to the field of agricultural economics (Meuwissen et al., 
2018; Stone and Rahimifard, 2018). As shown in Figure 1, in the event of a spontaneous crisis, resilient 
systems and companies are able to reduce the extent of damage and recover more quickly than less resilient 
companies. In addition, they are able to achieve at least the same or similar level of performance in the long 
term compared to the initial state.

Resilience in the agro-economic context often has three dimensions: Robustness, adaptability, and 
transformability. While the transformability dimension often focuses on medium- and long-term aspects like 
the attitude to innovation, the robustness and adaptability dimensions focus on spontaneous and short-term 
ones, like ecological resources and human capital (Meuwissen et al., 2018; Meuwissen et al., 2019).

In the field of crisis and disaster research and in relation to critical infrastructure, the concept of resilience 
describes the ability of infrastructure operators to maintain the functionality of their core business in the 
face of sudden and unexpected shocks (Tendall et al., 2015; Voßschmidt and Karsten, 2019). CI operators 
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must be able to provide a high level of robustness and adaptability so that business can continue without 
interruption in the event of a crisis (Rose and Krausmann, 2013). Therefore, this paper focuses on the aspects 
of robustness and adaptability, as these two dimensions were addressed by the second RQ (vulnerable areas 
and processes on farms) and third RQ (upstream and downstream dependencies of farms). Based on these 
two dimensions, the following three conditions must be met by all members at all stages of the value chain:

First, the individual enterprise must be resilient enough to withstand the crisis without being permanently 
disrupted, ensuring it can continue to contribute to the value chain at all (robustness). A total breakdown would 
be the case, for example, if a farm’s livestock herd were to die as a result of a ventilation failure. Secondly, 
companies need to be able to accept changing circumstances and find alternative solutions (adaptability). An 
example in the context of a livestock farm could be the sourcing of alternative feed if the local compound 
feed manufacturer is unable to produce due to consequential damage caused by the power outage. This 
business as usual, or at least the new status, needs to be maintained at least until other medium- or long-term 
solutions can be found, such as importing feed from other countries or regions not affected by the blackout. 
Thirdly, and focusing on the entire value chain, it is important to ensure that key bottlenecks and companies 
with a large market share (i.e., slaughterhouses or milk processors) continue to operate.

2.2 Business continuity management

The concept of business continuity management (BCM) is often used to achieve an increasingly resilient 
critical infrastructure (Fisher et al., 2017; Merz et al., 2009; Ruoslahti, 2020). It consists of a four-phase 
cycle: Plan, Do, Check and Act (ISO 22301, 2019). The first step in BCM (Plan) is to establish BCM in the 
organization and define an implementation strategy. The second step (Do) is to gather information about 
the affected business areas in the event of a crisis situation. The Business Impact Analysis (BIA) plays a 
key role here. The goal of BIA is to identify and assess vulnerable and time-critical processes and areas of 
the business. In principle, BIA can be performed both quantitatively and qualitatively. However, qualitative 

Figure 1. Performance of resilient and non-resilient companies over time. Source: Own compilation based 
on Tendall et al. (2015).
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scenario analysis in form of interviews and workshops is often used in this context (Zsidisin et al., 2005). 
Defining scenarios can help to determine the scope and duration of the crisis. In addition, this phase is 
used to develop strategies and implement measures to mitigate the negative effects of a crisis (Merz et al., 
2009). In the third phase (Check), the results are documented, adjustments are made and improvements 
are implemented. In the fourth phase (Act), the actions taken are audited and reviewed. BCM is a dynamic 
process, meaning that once a phase is completed planning for a new phase begins in order to quickly adapt 
to changing circumstances.

BCM enables private sector companies and CI operators to operationalize the concept of resilience for their 
own business and adapt it to their specific characteristics (Matteis et al., 2023). The goal of BCM is to take a 
holistic approach that addresses the various risks in the business environment (Fisher et al., 2017). The use of 
BCM to increase the resilience of critical infrastructure has been discussed in the literature (Voßschmidt and 
Karsten, 2019). In particular, the area of decision support in and during crisis situations is often associated 
with BCM (Merz et al., 2009; Schätter et al., 2015).

In the second part, this study focuses on conducting a BIA for the specific case of livestock production and 
in the event of a blackout. In this context, the complexity and diversity of disruptions affecting livestock 
production in the event of a blackout are demonstrated. Moreover, this study provides a starting point for 
further research on BCM in livestock production.

2.3 Supply chain continuity management

Closely related to BCM, but receiving comparatively little attention in the literature, is the concept of supply 
chain continuity management (SCCM), which can also be understood as a subcategory or combination of 
BCM and classic Supply Chain Management (Blos et al., 2015; Zsidisin et al., 2005). BCM takes a holistic 
approach and focuses on the enterprise and its internal processes. SCCM focuses specifically on the continuity 
of the supply chain and a smooth interaction of the upstream and downstream areas in which a company 
is involved (Azadegan et al., 2020). The goal of SCCM is to avoid supply shortages and, if necessary, to 
develop alternatives that can be used in the event of supply failure.

The procedure and process of SCCM is similar to that of BCM, which Blos et al. (2010, 2015) describe as 
a multi-stage process. As with BCM, BIA is the central element of SCCM. Unlike BCM, however, SCCM 
does not focus on internal processes, but on suppliers and service providers with whom the organization 
has regular contact. As far as possible, all external partners, regardless of their importance to the various 
departments, should be classified according to the risk of failure and the possible consequential damage to 
the company. The next step is to identify suppliers and service providers that are particularly important to the 
organization, for example, because they are exposed to the same risks or because they are the only possible 
partner for the organization. Similar to BCM, plans and measures must then be put in place to ensure that 
the required supplies and services are available even in crisis situations (Kildow, 2011). This may include, 
for example, entering into separate contracts, creating alternative procurement channels, conducting supplier 
checks and audits, and planning and conducting exercises and tests. Like BCM, SCCM is a dynamic process 
that is constantly reviewed and evolving. The results and lessons learned from real-world exercises and 
incidents should be used to further adapt SCCM.

3. Methodology

This study combines the two different qualitative methodological approaches of a semi-systematic literature 
review and a semi-systematic expert interview. In a first step, this paper aims to analyze the current state of 
research on securing food supply in the event of a crisis situation at the different stages of the German food 
value chain (RQ 1). Based on the identified research gap, in a second step this paper uses an exploratory 
approach by taking an in-depth look at the challenges faced by German livestock farms during a blackout 
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(RQ 2). In addition, it examines the upstream and downstream dependencies associated with these  
challenges (RQ 3).

3.1 Literature review

A semi-systematic literature review was conducted to answer the first RQ (Snyder, 2019). The strengths 
of this method compared to systematic literature reviews lie in its greater methodological flexibility and 
broader content focus. Unlike systematic reviews, which aim to provide a complete and detailed synthesis 
of existing literature (Sutton et al., 2019), semi-systematic reviews are designed to offer a general and 
interdisciplinary overview of a complex research area (Snyder, 2019). This approach is particularly suitable 
for broad and interdisciplinary research questions and fields (Baumeister and Leary, 1997; Wong et al., 2013). 
This approach was especially appropriate since results were expected from different parts of the supply 
chain and different disciplines, such as agricultural economics, crisis and disaster management, logistics, 
and veterinary science. Additionally, the inclusion and exclusion criteria for articles are less strict than in 
a systematic review, allowing for a wider range of relevant studies to be considered (Booth et al., 2021). 
Furthermore, it is particularly useful for deriving further research needs from the overview gained. Often, 
this form of review is followed by an additional qualitative analysis to further explore identified research 
gaps and gain more detailed insights into the topic analysis (Cantelmi et al., 2021; Wong et al., 2013).

The semi-structured approach allows us to deviate from the strict procedures of a purely systematic review. 
The entire literature search process was documented in a Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flowchart, as shown in Figure 2 (Moher et al., 2009). To ensure that the article 
search process was structured, transparent, and reproducible, a search was conducted using the keywords 
listed in Tables A1 and A2 in the Appendix. These terms were combined with the Boolean operators ‘AND’ 
and ‘OR’ such that one term from each of the four listed categories had to be present. This search was carried 
out in the databases of Scopus, Web of Science, and PubMed. Due to the strong national focus of this work 
on Germany, the search was conducted in both English and German.

The results obtained were then adjusted for duplicates and screened for suitability based on the titles, abstracts, 
and full texts (Page et al., 2021). To enhance the comprehensiveness of this review, a forward and backward 
search was performed on the relevant articles identified. This involved screening the reference lists of the 
identified articles (backward search) and examining new articles that cited these articles (forward search) 
(Webster and Watson, 2002). This process enabled us to identify additional relevant articles that were not 
captured in the initial keyword search.

In addition to the keyword search, the approach was extended by manually screening the German National 
Security Research database2 for projects related to food production. These projects were then reviewed for 
associated journal publications, which were added to the list of individual publications. In total, ten articles 
and ten projects were included in this paper.

3.2 Expert interviews

Semi-structured expert interviews were used to answer the second and third RQ. This methodological 
approach allowed us to gain in-depth insights into the personal perspectives and experiences of experts from 
the German cattle, pig, and poultry sectors (Flick, 2014; Helfferich, 2014). The participants were advisors 
from conventional or organic livestock farming or from farm consulting services (Table A3 in the Appendix). 
Based on their professional expertise, the consultants interviewed were able to develop a comprehensive 
perspective on multiple farms and abstract from the specific conditions of individual farms (Helfferich, 2014; 
Przyborski and Wohlrab-Sahr, 2008). A total of eleven experts were interviewed online via Webex between 

2  See https://www.sifo.de/sifo/de/projekte/projekte_node.html.

https://www.sifo.de/sifo/de/projekte/projekte_node.html
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Figure 2. PRISMA flowchart of the scoping review. Source: Own compilation.

November 28 and December 16, 2022. The length of the interviews varied between 48 minutes and 143 
minutes. The participants were selected based on years of professional experience and specific knowledge 
of animal husbandry methods. The experts were recruited using the non-probability method of snowball 
sampling (Naderifar et al., 2017; Parker et al., 2019). Contacts with employees at the German Ministry of 
Food and Agriculture (BMEL) initiated the snowball sampling process.

Expert statements provide a comprehensive overview of regional structures, but may vary within the expert 
group. To ensure comparable results, this study used an interview guideline (Helfferich, 2014) which is listed 
in Appendix 4. The interviewees were informed in advance of the specific interview topics to ensure that 
they were well prepared and able to conduct focused interviews. To make it easier for the experts to answer 
the interview questions, the interview was based on the hypothetical scenario of a sudden, widespread power 
outage (blackout) lasting three to seven days, affecting large parts of Germany (Kosow and Gaßner, 2008).

The interviews were conducted via video calls, recorded, transcribed anonymously and analyzed using 
qualitative content analysis according to Mayring (2015) with the help of MAXQDA software. Categories 
were initially formed deductively and supplemented inductively during the analysis. The text segments 
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were then assigned to the categories by both authors. In case of discrepancies between the two authors, the 
relevant passages were reassessed together and assigned to a category. A total of 16 main categories and 
24 subcategories were identified. This study presents six main categories and 17 subcategories, all directly 
aligned with the research questions (Table A4 in the Appendix).

4. Results

This chapter presents the results of the semi-structured literature review as a first step. The aim here is not to 
provide a detailed discussion of the articles, but to give an overview of the scope and range of the research 
areas covered. An interim conclusion will then summarize the findings to this point. In a second step, the 
results of the expert interviews are presented. These detailed and specific insights into the challenges of 
livestock production are used as examples to illustrate the complexity that must be taken into account in 
order to pursue a holistic approach to increasing the resilience of CI food systems.

4.1 Scientific articles and security research projects

Scientific articles

The semi-structured literature review identified a total of ten articles from academic journals that met the 
listed criteria. Table 1 provides an overview of the articles, the areas of the value chain covered and the 
scenarios used. The most striking result of the literature review is that, despite using the listed keywords, 

Table 1. Scientific publications and supply chain levels covered
Author, Year Upstream 

sector
Primary 
agricultural 
production

Food 
industry

Logistics Food 
retail and 
gastronomy

Consumers Scenario

Graeff et al. 
(2017)

x Power outage

Schwerin 
(2012)

x Climate 
change

Zylka and 
Kemper 
(2022)

x x x Power outage

Schlaich  
et al. (2020)

x x Foodborne 
diseases

Bischoff  
et al. (2023)

x x x x Food 
contamination

Liu (2020) x COVID-19 
Pandemic

Schätter et al. 
(2015)

x Flu epidemic

Gerhold et al. 
(2019b)

x –

Hansen et al. 
(2020)

x x x x –

Hofmeier 
and Lechner 
(2021)

x x x x Disruptions 
within the 
supply chain

Source: Own compilation.
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only one scientific article simultaneously addresses the issues of food security and primary agricultural 
production in crisis situations (see Hofmeier and Lechner, 2021). In the remaining nine articles listed, the 
connection between these two areas is only sporadically emphasized, if at all.

As shown in Table 1, eight of the ten articles identified use scenario analysis or analyze an acute (climate 
change) or historical (Covid-19) crisis. Two articles each deal with power failure or blackout and food 
contamination or traceability of food contamination. Other scenarios include supply chain disruption and 
a flu epidemic.

Three of the articles listed focus on livestock production. While the first one of these three articles focuses 
on the impacts of climate change on German livestock farming (Schwerin, 2012), the other two articles focus 
on the impacts of power outages on livestock farming. The second livestock article examines the behavior 
of dairy cows when the automatic milking system fails (Graeff et al., 2017). Based on expert interviews 
and surveys of livestock operations, the third article identifies time-critical processes that threaten livestock 
operations in the event of a power outage (Zylka and Kemper, 2022). Zylka and Kemper (2022) focus 
primarily on the consequences for animal welfare of failures in the various functional areas of the barns 
(e.g., feeding, water supply, ventilation, milking system) as well as the suitability and need for action of the 
current regulations in Germany.

Another area addressed by the identified articles is food safety. Here, the aspects of traceability in case of 
food contamination (Schlaich et al., 2020) and protection against intentional contamination of food (Bischoff 
et al., 2023) are examined.

Two articles focus on food production in crisis situations. For example, it was found that empty supermarket 
shelves in Germany and France were not caused by increased demand or staff shortages during the coronavirus 
crisis. Rather, it was logistical problems that prevented products from reaching food retailers in time or at 
all (Liu, 2020). Schätter et al. (2015) also propose BCM to maintain production in food chain companies 
in crisis situations. In their article, the authors conceptualize a simulation model that can be used to support 
decision making in such situations. This article is a publication of the SEAK project, which is discussed in 
more detail later in this chapter.

Two articles also deal with private food storage (Gerhold et al., 2019b) and the recording of food that is 
currently in circulation (Hansen et al., 2020). Both articles aim to determine the periods of time that can be 
covered without having to produce new food. Approximately 90% of households surveyed indicated that 
they do not have sufficient reserves for more than 14 days (Menski et al., 2016). Food stocks currently in 
circulation last about two to four days, depending on the region and product (Hansen et al., 2020).

Hofmeier and Lechner (2021) examine digital resilience in the food supply chain. In a survey of several small 
and medium-sized enterprises at different stages of the SC (livestock farming, processing, trade, transport and 
logistics, gastronomy), the authors determine the influence of the degree of digitalization of the enterprises on 
the degree of resilience of the enterprises. The parameters for this are the factors of resilience in relation to 
disruptions in the supply chain and resilience in relation to disruptions within the company itself (Hofmeier 
and Lechner, 2021). This article is the only one of the identified articles that takes an almost holistic approach 
that considers the entire SC. Only the areas upstream of agriculture and the consumer sector are not covered 
by Hofmeier and Lechner (2021).

Security research projects

A total of ten German security research projects related to the CI food were identified. An overview of these 
projects is provided in Table A5 in the Appendix. The results of the projects were mainly published in journal 
articles, book chapters, presentations, and theses. The projects can be differentiated according to their focus, 
intention and the sectors covered within the food chain (Figure A1 in the Appendix).
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Eight of the identified projects have been successfully completed, while two are still ongoing. A common 
feature of the projects is the use and analysis of crisis scenarios. Four of the identified projects (NeuENV, 
NOLAN, NutriSafe, SEAK) consider multiple scenarios. They cover a range of potential crises, including 
intentional and unintentional food contamination, natural disasters (e.g., winter storms, infrastructure failures 
and resource shortages) and disease outbreaks (such as influenza or African swine fever). In the selected 
scenarios, the NeuENV project also makes specific reference to a serious power failure in the German 
Münsterland region in 2005, during which not only the population but also livestock farms in particular 
were cut off from the power supply for several days in some cases.

Four projects (Ess.B.A.R., LEVERA, Rescue IT and SileBAT) focus on the detection and management of 
food contamination and aim to improve food safety. They have developed test methods, IT tools and databases 
to identify potential threats along the different stages of the SC. As shown in Appendix 3 Figure 1, the four 
projects differ with regard to the focus on individual sectors within the value chain. The NutriSafe project and 
the SiLeBAT project are the only two of the ten projects listed that are directly related to primary production.

Three projects (SEAK, NOLAN, and NeuENV) share the common theme of Public Private Emergency 
Collaboration. The projects focus on strengthening the development of public-private partnerships in crisis 
situations and focus on food logistics and food retailing. Priorities here include measures to coordinate 
authorities and businesses in food distribution and the development of decision-support systems.

The ALANO, NeuENV and KRITIS-ENV projects address the implications for government and public 
authority crisis management. While the ALANO project is currently analyzing the efficiency of existing storage 
practices and possible alternatives, the ongoing KRITIS-ENV project aims to improve crisis communication 
between authorities and food companies. The results of the NeuENV project have been widely recognized 
in the political and academic community, as it formed the basis and starting point for the revision of the 
ESVG in 2017.

While most of the projects have a national focus due to funding from the National Security Research Program, 
the ALANO, NutriSafe, and Rescue IT projects also have direct or indirect international links. While the 
Rescue IT and NutriSafe projects involved direct cooperation with French and Swiss partners respectively, 
the ALANO project compares public warehousing in Germany and Switzerland.

Interim conclusion

The literature review conducted revealed only a few relevant publications and projects on this topic and 
highlights the research gap regarding the resilience of the German livestock sector to severe crises. Existing 
studies and security research projects mainly focus on the later stages of the food SC, leaving primary 
production and upstream and downstream areas insufficiently studied. There is a lack of knowledge about 
the vulnerabilities and dependencies of these early stages of the SC.

To fill this gap, the following chapter presents the results of the expert interviews on how livestock production 
would be affected by a blackout. The lack of information on dependencies in the early stages of the SC, the 
articles identified in the literature review by Graeff et al. (2017), Schwerin (2012) and Zylka and Kemper 
(2022) and additional literature on the basics of production methods in livestock farming (Hammerl and 
Klauke, 2023) formed the basis for the interview guideline (Section 2.3 in the Guide for expert interviews 
in the Appendix).

4.2 Expert interviews

According to the experts, a large number of internal and external processes on German livestock farms would 
be disrupted by a blackout. The following chapters focus on the internal aspects of emergency power supply, 
air, water and feed, and the external aspects of connected upstream and downstream businesses and networks.
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Emergency power supply

Points frequently raised by the experts concern the availability of emergency power supplies on farms. The 
prevalence or presence of emergency power generators on farms is perceived differently. While it is assumed 
that emergency power generators are particularly common on large dairy farms (I9:19), they are less common 
on farms with beef fattening or cattle rearing, as most typical farm processes are not dependent on a power 
supply (I4:17). The prevalence of emergency power generators in pig farming is assessed differently by the 
experts. A few experts think that the number of farms equipped with their own emergency generators has 
increased in recent years, primarily due to the certification of farms under programs such as Quality and 
Safety (QS) and the Animal Welfare Initiative (ITW) (I2:33; I3:9). However, other experts think that these 
devices are only available in some cases and/or not across all farms (I2:31,33; I5:13,48,50; I6:15; I7:11,33; 
I11:11,13). The experts also state that there may be differences in the emergency power supply depending on 
the size of the business. Smaller businesses often lack the financial resources to invest in such technology. In 
larger companies, an emergency power supply with corresponding infrastructure is often firmly established 
as part of risk management (I2:31; I6:13,15). At the same time, however, it might also be the case that only 
one device for emergency power generation is available for several operating sites (I6:15). Several experts 
are of the opinion that company-owned emergency power generators are most widespread in larger poultry 
farms (I1:34; I8:33; I11:13). This is mainly due to stricter legal requirements (I1:34; I11:13).

Across all animal species and production directions, the experts assume that the devices are dimensioned for 
emergency operation rather than continuous operation (I1:36; I10:9). In the event of a power failure, the basic 
load of the farm (milking, ventilation and feeding) could be ensured for a short time in this way (I4:15,17; 
I6:17). It is estimated that in addition to urgent processes, such as ventilation or the milking system, other 
processes, such as water supply and manure removal, are rarely part of this emergency operation (I4:15,17).

Air, water and feed

The three areas of fresh air, water and feed supply are the most vulnerable and time-critical, as a failure of 
technical systems in these areas is likely to result in severe animal suffering or death within a short period 
of time. While in cattle farming, the predominantly open barn design ensures an adequate supply of fresh 
air even in the absence of a functioning power supply (I7:15; I11:17,19), in pig and poultry farming in 
particular, forced ventilation barns are dependent on an external air supply (I1:16; I4:15,17; I5:52; I11:17). 
Unfortunately, accidents in recent years have often shown that a failure in this area can lead to the death of 
large numbers of animals within minutes. Depending on the design of the barn and the weather, there are 
limits to the amount of fresh air that can be supplied by opening windows and doors. It should also be noted 
that changes in airflow and ventilation can, in the medium term, lead to diseases and changes in animal 
behavior, such as feather pecking and tail biting (I2:47; I5:17). Exceptions to this are outdoor climate barns 
and barns with open-air runs for pigs and poultry, which are often found in organic farming and new barns 
in conventional farming.

If the water supply fails, livestock can be expected to suffer within a few hours. This is also dependent on 
weather conditions (I6:36; I11:19,33). When it comes to water supply, a distinction has to be made between 
farms that have their own wells and farms that are connected to the local drinking water network. Both 
systems are common in practice, although there may be regional differences (I2:37; I3:27; I5:23). It is not 
clear to the experts which of the two systems is more advantageous in the event of a blackout. While a 
farm connected to the water network benefits indirectly from the precautionary and protective measures of 
the network operators, who are often part of the CI water, this form of water supply also implies a certain 
dependency on these same companies. While a failure in the power supply to a well will also result in a loss 
of water supply, it is comparatively easy to ensure supply in the event of a crisis by integrating the water 
supply into the emergency power supply. Manual feeding of drinking water into the barns is only possible 
on small farms due to the volume of water to be moved (I8:41).
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There are major differences between livestock farms in terms of feed stocks. While cattle farms often have 
stocks for weeks and months (I4:25; I7:21; I9:39), poultry farms in particular have much smaller stocks of 
compound feed (I1:24; I11:27). In pig farming, a distinction must be made between farms that store their 
own feed (e.g., wheat, barley, maize) and receive only supplemental feed, and farms that only use compound 
feed (I2:45; I5:17; I6:32). In cattle farming, diesel-powered machinery is usually used to deliver ground 
feed, which can ensure feed supply even in the event of a power cut. On the other hand, pig and poultry 
feeding is mainly handled by electric feeding systems. Due to the design of these systems and the fact that 
feed is stored in silos, there is often no alternative access to feed in the event of a power failure (I2:43). 
As with water supply, manual feeding of livestock is only possible in small barns due to the large volumes 
involved (I2:33,69).

Other disrupted processes that can also pose a challenge in the event of a multi-day power outage include 
dairy milking (I7:45), heating and lighting barns (I1:33), barn hygiene (I7:29), data management (I9:59), 
and disposal of dead animals (I8:47). Milking is one of the most critical aspects of dairy farming; failure 
to milk can lead to severe animal suffering and mastitis, and manual milking is often not feasible due to 
the size of the herd (I7:45, I9:33). Depending on the weather conditions and the age of the animals, pigs 
and poultry may need to be heated. Depending on the seasonal availability of daylight, it may be necessary 
to find an external solution for lighting the sheds for animal inspection and any work in the sheds (I7:15). 
Failure of cleaning and hygiene measures, such as milking system cleaning and milk storage, can also lead 
to further problems (I7:51; I9:61).

Farm external processes and networks

Many pig farms and almost all poultry farms depend on a regular supply of feed, as on-farm feed stocks often 
only last a few days. In the event of a sudden power failure, a significant proportion of farms are therefore 
already dependent on a short-term supply of feed at the time of the power failure (I11:54). In the worst-case 
scenario, the loss of a large number of these animals can lead to a limited availability of pork and poultry 
meat in the following days, weeks and months due to reproduction and rearing times. At the same time, the 
downstream rendering sector plays an important role. Animal carcasses must be disposed of in a professional 
and timely manner in order to prevent, for example, the development of epidemics and the contamination 
of drinking water and groundwater.

If a power outage disrupts milk collection for several days, the value chain for milk and dairy products can 
be expected to grind to a halt within a few days. In this case, there is a risk of a shortage in the supply of 
these foods to the population (I7:45).

Experts agree that one of the biggest challenges of a multi-day power outage is the loss of normal forms of 
communication, such as mobile phones and email (I4:37; I10:9). This particularly affects external processes 
linked to other companies in the upstream and downstream sectors. In all of the following points, it should 
be noted that contact and coordination with the various sectors may be impossible or limited, as access to 
telephone and internet may be restricted.

The compound feed industry plays an important role. Poultry and pig farms in particular are dependent on 
a regular supply of feed. Experts estimate that delivery intervals are often no more than a few days to a few 
weeks (I5:17; I11:54). In the event of a crisis, this means that a large proportion of these farms are dependent 
on an immediate supply of compound feed, or that a scheduled delivery must be made within a few days in 
order to ensure a sufficient supply of feed.

In addition to supplying the farms, it is also necessary to collect milk, animals for slaughter and eggs in 
order to have sufficient raw materials that can be processed into food further down the value chain. While 
it is generally feasible to keep animals ready for slaughter a few days or weeks, longer periods can lead to 
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significant space problems on farms (I2:71). One example in this context is the outbreak of African Swine 
Fever in the Lower Saxony region “Emsland” in 2022, which led to a massive backlog of pigs in the region 
(I3:37). Unlike animals for slaughter, milk can only be stored for a few days on farms as it is collected daily 
or every two days (I4:29).

In addition, many livestock farms depend on regular veterinary care. This applies both to the treatment of 
individual animals and to the regular care of the entire herd. In the event of a power outage lasting several 
days, it may not be possible to treat individual animals adequately, or to treat a disease in the whole herd in 
time, or at all (I6:58; I11:60).

Some experts consider that there are no networks in place to provide support in the event of a crisis (I1:60; 
I6:58). However, some experts emphasize the strong neighborly support among the farmers (I3:45; I9:79) 
and the strong self-help and improvisation skills of the farmers, which were already visible on the farms 
during crises such as the power failure in the Münsterland region in 2005 (I3:61). In principle, machinery 
rings, farm support services, advisors and chambers of agriculture offer support to farms in crisis situations. 
However, the extent to which they can provide support in such extreme situations is questionable. The same 
applies to the support capacities of the public sector, e.g., in the form of technical relief or fire brigades. 
However, the experts assume that in the event of a nationwide blackout, these institutions will be prioritized 
for civil protection (health, hospitals, etc.).

5. Discussion

Increasing the resilience of CI in crisis and disaster situations is seen as a key objective to ensure the supply 
of essential goods and services to the public (Boin and McConnell, 2007; Voßschmidt and Karsten, 2019; 
Cantelmi et al., 2021). This study has shown that the concept of resilience can, in principle, be applied to 
the food and livestock sector.

However, due to the broad definition of resilience, it needs to be operationalized in order to be applied in 
practice. On the one hand, the results of the expert interviews can show that the core element of BCM, the 
BIA, can also be applied to livestock production. On the other hand, the heterogeneous results regarding 
the vulnerable areas, which vary by species, also underline the need for a farm-specific perspective when 
identifying critical and vulnerable areas.

In line with the literature, the results of the expert interviews also show that focusing on internal BCM 
processes alone is not sufficient for livestock farming. In crisis situations, critical supplies and services are 
still required for the livestock farms. It is therefore necessary to extend the BCM concept in this context with 
elements regarding the SC. An advantage of this extension with SCCM is that the methodological approach 
of both procedures is very similar and can be carried out both sequentially and in parallel.

Current state of research: A semi-systematic literature review was conducted to answer the first RQ on the 
current state of research. The results show that the topics of primary agricultural production and livestock 
farming have rarely been addressed and studied in the context of food emergency preparedness and their 
role for the CI food. Although these parts of the SC play an important role in the event of a crisis, other 
areas of the food value chain have been studied more frequently and intensively. It can therefore be argued 
that strengthening the value chain of food production in Germany is also closely linked to the overarching 
objective of strengthening the CI food.

The results show that there is a lack of research that examines in detail the specific problems of primary 
and livestock production. At the same time, there is a lack of work that takes a holistic approach at the level 
of the whole SC, in particular to address the challenges of exchange between the different areas of the SC.
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Vulnerable areas and processes on farms: With regard to the second RQ on the vulnerable areas and processes 
on farms, this study has shown that the BCM concept, which is often used in this context, can also be applied 
to companies within the food value chain, and in particular to livestock farms. The first exemplary BIA steps 
carried out for the cattle, pig and poultry industries underline the diverse and often farm- and animal-specific 
challenges that can arise in the context of a blackout in the livestock industry.

With regard to the management of livestock during a blackout, the results show a heterogeneous picture. 
Zylka and Kemper (2022) identified ventilation, water and feed supply as particularly time-critical and 
vulnerable in case of blackout. The results of this study show that a distinction can be made between beef 
fattening and cattle rearing on the one hand and dairy, pig and poultry farming on the other hand in terms 
of the time it takes for the farms to reach a critical state. Based on the results, it can be argued that cattle 
farming is less affected by a power outage lasting two to seven days. Limitations to this positive situation 
arise primarily in dairy farming, which depends on a functioning power supply due to the milking process 
(Graeff et al., 2017). In the event of a power outage in the dairy industry, it is likely that dairy cows will 
suffer health problems such as mastitis if they are not milked, and that the milk produced each day will 
spoil quickly if it is not cooled. In particular, the independence of the fresh air supply and the large stocks 
of ground fodder have a positive effect in cattle farming.

For pigs and poultry, even a short-term power outage poses a considerable risk. The most time-critical 
aspect is ventilation. Especially in the case of forced ventilation barns, the time that can be bridged without 
a functioning power supply is only a few minutes to a few hours. In addition, feeding is a vulnerable process 
in the event of a power failure, as a functioning power supply is required to dose the feed from the storage 
bins and then transport the feed to the troughs. Common to all types of housing is access to drinking water, 
which must be provided within a few hours. High outside temperatures shorten this time.

This study also demonstrates that a variety of other processes on farms can be affected, such as cleaning barns, 
or communicating with employees. However, the interviewed experts noted that it is difficult to generalize. 
Rather, the processes affected are specific to the animal species, the type of farming, the region, or the attitude 
and the manager’s skills and alertness. In order to be able to make well-founded statements about the extent 
to which livestock production is affected by power outages, further quantitative data collection on farms is 
necessary. This could include, for example, the distribution of emergency generators and feedstocks on farms.

Challenges in implementing BCM and SCCM arise particularly for smaller companies with few employees, 
which often include livestock farms. The scope of the measures implemented should be based on the size 
of the company on the one hand, and the importance of the company or sector for the value chain on the 
other. For example, it is not possible or useful to compare the BCM and SCCM of a slaughterhouse, which 
must comply with more stringent requirements, with the BCM and SCCM of an individual farm. At the 
same time, however, both levels must coordinate the derived measures to ensure smooth operations in the 
event of a crisis.

It is likely to be easier to implement BCM and SCCM in large companies in the upstream and downstream 
sectors due to greater human and financial resources, or it can be integrated into existing risk or supply chain 
management structures. Smaller companies and livestock farms could benefit from targeted information and 
training on BCM and SCCM, e.g., in the form of recommended actions and checklists. At the same time, 
downstream sectors such as slaughtering and milk processing could also be supported in their own SCCM 
efforts by providing advice to farms on how to implement BCM and SCCM and thus secure the supply of 
raw materials.

Dependencies within the value chain: Regarding the third RQ on dependencies within the value chain, 
this study highlights the importance of smooth interaction between livestock production and upstream and 
downstream sectors. Focusing on the livestock sector, the importance of compound feed production in 
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poultry and pig production becomes particularly clear in terms of procurement. Feed stocks are often only 
available for a few days. However, in the event of a sudden breakdown in compound feed production, this 
does not mean that there are only a few days’ worth of reserves available. Rather, due to the continuous 
process, some of the farms must be supplied with feed the same day or the next day, as all affected farms 
must be reached within a few days. If this supply cannot be guaranteed, or cannot be guaranteed in a timely 
manner, the supply of animals for slaughter and eggs for the following farms may be interrupted, which 
cannot be rectified even at short notice. The same applies to livestock farms that depend on a public water 
supply. If the CI water also fails as a result of the blackout, a large number of livestock can be expected to 
die within a few hours.

The collection of products from farms is a bottleneck for the entire SC. Even if downstream companies 
such as slaughterhouses and dairies are able to maintain their production capacity in the event of a blackout, 
products must also be able to reach these processing companies. While animals for slaughter can remain on 
farms for some time without suffering major quality losses, milk must be collected at short notice so that it 
does not exceed the storage capacity of the farms and spoil.

If this lack of food production and supply continues for several days and weeks, CI food shortages may 
occur. To summarize, a failure at one stage of the food supply chain can lead to a failure of the entire animal 
food production chain. If this cannot be compensated for in time or by other means, there is even a risk that 
the entire SC food will collapse.

When interpreting the results, some limitations of the study must be taken into account. The literature review 
focused on work related to German emergency food preparedness. Due to this focus, it is possible that 
relevant literature with an international orientation was not identified during the literature search, as it was 
not published in English or German. Additionally, the expert interviews followed an exploratory approach 
with the aim of providing a first insight into the issue. Further in-depth research is therefore required for a 
more detailed analysis of this issue.

6. Conclusion

Protecting CI from serious crises and disasters has become more and more important in recent years, both 
in politics and in academia. While a secure food supply in Germany has been considered to be stable over 
the past decades, global crises have shown that a secure and unrestricted food supply cannot be taken for 
granted at all times, even in highly developed economies such as Germany.

Little is currently known about the impact of severe crises on the food SC. The few scientific studies and 
projects on this topic identified in this study focus mainly on the downstream segments of the food SC. 
The impact on primary agricultural production, in particular livestock production, has hardly been studied. 
However, using a possible blackout scenario as an example, this study shows that livestock production would 
be severely affected by such a crisis. In particular, ventilation, water supply and feed supply are on-farm 
challenges that could have a significant impact in the event of a crisis.

In addition, this study highlights the critical importance of smooth interaction between upstream and 
downstream sectors and livestock production. The compound feed industry and water suppliers on the 
upstream side and slaughtering and milk processing on the downstream side play a crucial role. Their ability 
to function is essential to ensure a sufficient supply of food of animal origin even in times of crisis.

In order to increase the resilience of the livestock sector to future crises and disasters, it is necessary for 
farmers to individually identify potential risks to their businesses. Methods such as BCM and SCCM provide 
a suitable approach. Based on such a risk analysis, measures can be developed to strengthen the robustness 
and adaptability of these farms. Examples include the purchase or expansion of emergency power generators, 
the expansion of storage capacity, and the creation of specific contingency plans.
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Future research should focus on two main areas. First, a detailed examination of the various links in the food 
supply chain, e.g., the slaughter industry, is needed. The aim should be to identify potential vulnerabilities 
and susceptibilities to crises in advance in order to avoid failures during a crisis. Second, scientific work in 
the future should take a holistic approach and consider the entire food SC, from the upstream industry to the 
consumer. It is important to synthesize existing research to get a comprehensive picture of the challenges 
and coordination problems between the different links in the value chain.

This study highlights the importance of anticipatory and early planning, as well as the identification of 
vulnerabilities in the food supply chain and in livestock production. This is essential to ensure the security 
of supply of food of animal origin, even in times of crisis.
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Appendix

Table A1. List of keywords for literature review – German
Area Keyword 1: Position Supply 

chain AND
Keyword 2: Crisis 
scenario AND 

Keyword 3: Critical 
Infrastructure AND

Keyword 4: 
Germany

Upstream 
areas 

“Saatgut” OR “Düngemittel” 
OR “Pflanzenschutzmittel” 
OR “Futtermittel” OR 
“Landmaschinen” OR 
“Tiermedizin” OR “Tierarzt” 
OR

“Krise” OR “Katastrophe” 
OR “Dürre” OR “Hitze” 
OR “Sturm” OR 
“Regen” OR “Hagel” OR 
“Schnee” OR “Seuche” 
OR “Schädlinge” OR 
“Atomarer Unfall” OR 
“biologischer Unfall” 
OR “chemischer Unfall” 
OR “Stromausfall” 
OR “Terrorismus” OR 
“Sabotage” OR “Krieg” 
OR “Streik” AND 

“Kritische Infrastruktur” 
OR “Notfallvorsorge” OR 
“Notfall Management” 
OR “Vulnerabilität” OR 
“Ernährungsnotfallvorsorge” 
OR “Notfall Plan” OR 
“Vorbereitung” AND 

“Deutsch*”

Primary 
production

“Landwirtschaft” OR 
“Primärproduktion” 
OR “Tierhaltung” OR 
“Nutztier” OR “Milchvieh” 
OR “Rindermast” OR 
“Sauenhaltung” OR 
“Ferkelaufzucht” OR 
“Schweinemast” OR 
“Geflügel” OR “Legehennen” 
OR “Hähnchenmast” OR 
“Putenmast “ OR “Ackerbau” 
OR “Bauernhof” OR

Processing “Molkerei” OR 
“Schlachtunternehmen” OR 
“Fleischverarbeitung” OR 
“Tierkörperbeseitigung” OR 
“Fleisch” OR 

Trade “Viehhandel” OR 
“Lebensmitteleinzelhandel” 
OR “Großhandel” 
OR “Logistik” OR 
“Lebensmittelhandel” OR 
“Lebensmittellogistik” OR 
“Lebensmittellagerung” OR 

Consumer “Konsument” OR “Konsum” 
OR “Private Lagerhaltung” 
OR “Nahrungsmittel” OR 
“Gemüse” OR “Frucht” OR 

Supply 
chain

“Wertschöpfungskette” 
OR “Wertschöpfungskette 
Lebensmittel” AND

Source: Own compilation.
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Table A2. List of keywords for literature review – English
Area Keyword 1: Position Supply 

chain AND
Keyword 2: Crisis 
scenario AND 

Keyword 3: Critical 
Infrastructure AND

Keyword 4: 
Germany

Upstream 
areas 

“Seed” OR “Fertilizer” OR 
“Pesticide” OR “Feed” OR 
“Agricultural machinery” OR 
“Veterinary” OR “Vet” OR

“Crisis” OR “Disaster” 
OR “Drought” OR 
“Heat” OR “Storm” OR 
“Rain” OR “Hail” OR 
“Snow” OR “Plague” 
OR “Pests” OR “Nuclear 
accident” OR “Biological 
accident” OR “Chemical 
accident” OR “Blackout” 
OR “Terrorism” OR 
“Sabotage” OR “War” OR 
“Strike” AND 

“Critical infrastructure” OR 
“Emergency Preparedness” 
OR “Emergency planning” 
OR “Emergency care” OR 
“Emergency precaution” 
OR “Emergency 
Management” OR 
“Food security” OR 
“Vulnerability” OR 
“Emergency food supply” 
OR “Contingency plan” 
OR “Preparedness” AND 

“German*”

Primary 
production

“Agriculture” OR “Primary 
production” OR “Animal 
husbandry” OR “Livestock” 
OR “Dairy cattle” OR “Beef 
finishing” OR “Sow keeping” 
OR “Piglet rearing” OR “Pig 
finishing” OR “Poultry” OR 
“Laying hens” OR “Broiler” 
OR “Turkey finishing” 
OR “Arable farming” OR 
“Farm*” OR

Processing “Dairy” OR 
“Slaughterhouse” OR “Meat 
processing” OR “Rendering” 
OR “Carcasses disposal” OR 
“Meat” OR

Trade “Livestock trade” OR “Food 
Retail” OR “Wholesale” OR 
“Logistic*” OR “Grocery 
Business” OR “Food 
logistic*” OR “Food storage” 
OR 

Consumer “Consumer” OR 
“Consumption” OR “Private 
storage” OR “Food*” OR 
“Vegetable” OR “Fruit” OR 

Supply 
chain

“Supply Chain” OR “Value 
Chain” OR “Supply” OR 
“Chain” OR “Food Chain” 
AND

Source: Own compilation
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Table A3. Expert overview
Number Livestock 

type
Conventional/ 
organic

Experience  
(years)

Region Date Length 
(h)

I1 Poultry organic 40 Lower Saxony 28 November 2022 00:48:54
I2 Pig conventional 26 Lower Saxony 29 November 2022 01:58:33
I3 Pig conventional 30 North Rhine- 

Westphalia
30 November 2022 01:03:57

I4 Cattle conventional 21 Saxony 2 December 2022 02:23:06
I5 Pig conventional 

and organic
18 Schleswig- 

Holstein
5 December 2022 02:05:42

I6 Pig conventional 17 Lower Saxony 5 December 2022 01:30:29
I7 Cattle conventional 27 Lower Saxony 6 December 2022 00:58:36
I8 Poultry conventional 

and organic
30 Hesse 9 December 2022 01:01:57

I9 Cattle conventional 19 Mecklenburg-
Western 
Pomerania

13 December 2022 01:01:47

I10 Poultry organic 31 Schleswig- 
Holstein

15 December 2022 00:55:57

I11 Pig and 
Poultry

conventional 
and organic

29 Baden- 
Wuerttemberg

16 December 2022 01:53:41

Source: Own compilation.
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Table A4. Overview of the main and subcategories and number of coded text segments
Main category Number Subcategory Number

1 Preparation Blackout on farms 34
2 Disrupted operational processes 45

2.1 Ventilation 35
2.2 Feed 77
2.3 Water 36
2.4 Manual solutions 23
2.5 Other (heating, lighting, hygiene) 50
2.6 Better organized farms 40

3 Emergency power generators 9
3.1 Dimensioning emergency power 

generators
12

3.2 Inspection/commissioning of 
emergency power

20

3.3 Distribution of emergency power 
generators

27

3.4 Utilization of own-generated 
electricity

15

4 Emergency plans 14
4.1 External workers 8
4.2 IT and data processing 36

5 Upstream and downstream 
businesses (incl. normal operations)

42

5.1 Product sourcing (feed) 16
5.2 Product sales (milk, eggs, 

slaughtered animals, carcasses)
29

6 Third-party support 26
6.1 Mental stress 3
6.2 Public sector 18
6.3 Networks 16

Source: Own compilation
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Table A5. Project overview
Acronym Title Content Crisis scenario Link

ALANO An analysis of 
alternative storage 
strategies for public 
emergency food 
stocks

Analysis, comparison 
and economic 
evaluation of current 
and alternative food 
storage strategies 
(public and private) for 
crisis prevention.

No scenarios used https://www.iip.kit 
.edu/1064_6037.php

Ess.B.A.R. Biosafety, analysis 
and resilience of food 
supply chains

Development of a 
pathogen database 
to enable early 
comparison of food 
with suspected cases of 
zoonotic agents. The 
aim is to detect and 
prevent the spread of 
infection from animals 
to humans along the 
value chain.

Food infestation 
and contamination 
(Pathogens)

https://www.sifo.de/sifo 
/de/projekte/schutz-und 
-rettung-von-menschen 
/schutz-vor-biologischen 
-gefahrenlagen-und 
-pandemien/ess-b-a-r 
/ess-b-a-r_node.html

KRITIS- 
ENV

Critical infrastructure 
for nutrition: 
development 
of innovative 
cooperation and 
decision-making 
systems for 
emergency nutrition 
preparedness

Collect and process 
information from 
stakeholders involved 
in food emergency 
preparedness, both 
private companies 
and government 
institutions. 
Development of a 
web-based platform 
for communication 
between stakeholders 
in crisis situations.

No scenarios used https://www.
ml.niedersachsen.de 
/startseite/themen/ernah 
rung/ernahrungsnot 
fallvorsorge/kritische 
-infrastruktur-ernahrung 
-231751.html

LEVERA Food supply and 
analytics

Development of 
general-purpose rapid 
diagnostics to enable 
the rapid identification 
of pathogenic micro-
organisms in food 
before the affected 
food can spread further 
along the value chain.

Food infestation 
and contamination 
(Microorganisms)

https://www.sifo.de/sifo 
/de/projekte/schutz-kriti 
scher-infrastrukturen 
/sicherung-der-leben 
smittel-und-lebensmit 
telwarenketten/levera 
/levera_node.html

https://www.iip.kit.edu/1064_6037.php
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NeuENV New strategies for 
emergency nutritional 
care

Further development 
of the legal framework 
for the provision of 
emergency food from 
the perspective of a 
task for society as a 
whole. Investigation 
of the stockpiling 
behavior of the 
population and the 
interaction between 
authorities, aid 
organizations and 
companies in the 
food supply chain. 
The NeuENV project 
formed the basis for 
the revision of the 
ESVG.

Influenza pandemic, 
winter storm with 
collapse of power 
and transportation 
infrastructure

https://www.sifo.de/sifo 
/de/projekte/schutz-kriti 
scher-infrastrukturen 
/sicherung-der-leben 
smittel-und-lebensmittel 
warenketten/neuenv 
/neuenv-neue-strategien 
-der-ernaehrungsnotfall 
vorsorge.html

NOLAN Scalable emergency 
logistics for urban 
areas as a public-
private partnership in 
the event of a disaster

Developed proposals 
to strengthen Public-
Private Emergency 
Cooperation (PPEC). 
The goal was to ensure 
the supply of essential 
goods such as food 
and medicine to the 
population in the event 
of a crisis.

Food retail failure, 
fuel shortage

https://www.nolan-sifo 
.de/

NutriSafe Safety in food 
production and 
logistics through 
distributed ledger 
technology

German-Austrian 
cooperation to increase 
the resilience of food 
trade and production 
against digital attacks 
and data manipulation. 
Development of 
modular building 
blocks with blockchain 
technology and 
integration of isolated 
solutions into a 
holistic approach, 
which is to ensure 
practicability through 
close cooperation with 
a large number of 
associated partners.

African swine 
fever, fluctuating 
demand, labor 
shortages, limited 
feed imports, 
transportation 
and processing 
disruptions

https://www.nutrisafe.de 
/projekt/

Table A5. Continued.
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RESCUE IT IT platform for 
seamless food supply 
chain security

French-German 
collaboration to 
develop an IT platform 
to secure food supply 
across corporate and 
national food supply 
chains.

Contaminated 
products in the 
supply chain

https://www.sifo.de/sifo 
/de/projekte/schutz-kriti 
scher-infrastrukturen 
/sicherung-der-warenket 
ten/rescue-it/rescue-it-it 
-plattform-fuer-di-ng 
-von-lebensmittelwaren 
ketten.html

SEAK Support in decision-
making to overcome 
supply shortages

Developing software to 
support collaboration, 
coordination, and 
decision making 
among government 
agencies and 
businesses in the 
event of a food 
shortage, with the goal 
of increasing food 
security resilience.

IT failure, labor 
shortage, heat wave

https://www.sifo.de/sifo 
/de/projekte/schutz-kriti 
scher-infrastrukturen 
/sicherung-der-leben 
smittel-und-lebensmittel 
warenketten/seak/seak 
-entscheidungsunterstuet 
zu-gung-von-versorgung 
sengpaessen.html

SiLeBAT Securing the feed and 
food supply chain in 
the event of bio- and 
agro-terrorist (BAT) 
damage situations

Development of 
analytical methods 
and an online tool to 
enable authorities to 
analyze food supply 
chains in the event 
of a crisis that have 
been contaminated 
with pathogens 
directly or indirectly 
through the infection 
of livestock. The 
project would address 
a bio- or agro-terrorist 
damage situation in the 
livestock sector.

Bio- or 
agroterrorism 
attacks on feed and 
food

https://www.sifo.de/sifo 
/de/projekte/schutz-kriti 
scher-infrastrukturen 
/sicherung-der-waren 
ketten/silebat/silebat 
_node.html

Source: Own compilation.

Table A5. Continued.
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Figure A1. Project and value chain overview. Source: Own compilation.
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Guide for expert interviews

Objective: Identification of the vulnerability, robustness, adaptability and resilience of livestock farms in 
the event of a prolonged and widespread power outage (blackout).
RQ 2: Which areas and processes of daily production on German livestock farms are particularly vulnerable 
in the event of a blackout?
RQ 3: What upstream and downstream dependencies exist in German livestock production that could lead 
to a collapse of the animal-based food sector in the event of a blackout?

1 Introduction

1.1 Structure of the interview

(1)	 Consent to participate in the interview and framework conditions (recording, evaluation, etc.)
(2)	 Introduction

•	 Sebastian Kleingräber, research associate and PhD student at the Thünen Institute of Market 
Analysis in Braunschweig. The Thünen Institute is a federal research institute within the portfolio 
of the BMEL (Federal Ministry of Food and Agriculture) with different fields of research and 
policy advice on rural areas, agriculture, forestry and fisheries.

(3)	 Aims of the research project
•	 Conducting expert interviews with the aim of identifying vulnerable areas and sensitive points 

on farms. The interview will be recorded (video and audio) for later evaluation. The interview 
will be conducted as a semi-structured interview.

(4)	 All data collected will be anonymized/pseudonymized.
(5)	 Duration of the interview: approximately 60 minutes.

2 Interview

2.1 General questions

Please introduce yourself:
•	 What company do you work for?
•	 How long have you been in this position?
•	 What are your responsibilities?

2.2 Introductory questions

Main question / impulse / stimulus for explanation
“When you look at the farms you advise, what are the biggest challenges they are currently facing?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Overview of current farm 
challenges

•	 Hierarchy of problems

•	 What other challenges can you think of?
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2.3 In-depth questions

Main question / impulse / stimulus for explanation
“With the Russian invasion of Ukraine on February 24, 2022, many markets and market structures changed. In 
particular, there have been major changes in the energy markets. How do you assess the consequences of the 
changes on the energy markets for the farms you advise?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Challenges from changing energy 
markets

•	 What other areas have been affected by these changes?

Main question / impulse / stimulus for explanation
“In what way is the issue of ‘blackout’ an issue for the farms you advise? (Brief definition in our scenario: a 
blackout is a prolonged, widespread, nationwide power outage that lasts for a period of 3 or 7 days)”.
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Relevance of blackout
•	 Self-perception of agriculture on 

the subject of “blackout”

•	 How long have your companies been dealing with the issue 
of a “blackout”?

Energy (electricity/gas/diesel)

Main question / impulse / stimulus for explanation
“What specific processes in typical operations would you expect to have the biggest issues as a result of such a 
blackout?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Identifying vulnerable areas on farms
•	 Prioritization of critical points

•	 In your opinion, what are the options for switching to other 
methods in this case (manual feeding, manual milking, etc.)?

Main question / impulse / stimulus for explanation
“How common do you think it is for farms to have their own emergency power generators?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Distribution of emergency power 
generators

•	 Commissioning knowledge

•	 How are the emergency power generators dimensioned? 
Is the output sufficient for emergency operation or can an 
emergency power generator meet the normal requirements of 
the farm?

•	 Will the emergency power generator be ready for use in a 
short time?

•	 Are there sufficient trained personnel available to 
commission such an emergency power generator?

•	 Is the operation of the emergency power generator trained 
on a regular basis? At what intervals does this training take 
place (monthly, every six months, annually)?

•	 How widespread are the possibilities to use self-generated 
electricity (wind, photovoltaics, biogas) in case of 
emergency?

•	 How are pig and poultry barns ventilated in the event of a 
power failure?

•	 How are barns heated in the event of a power failure (piglets, 
chicks)?

•	 What is the role of lighting in poultry farming?
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Operations Management – Contingency Plans

Main question / impulse / stimulus for explanation
“Do you think farms are prepared for such a scenario?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Identification of preventive 
measures

•	 Existence and quality of 
contingency plans

•	 Do companies have contingency plans? (e.g., from QS)
•	 Are these contingency plans adequate for such a scenario?
•	 How do you assess the quality of these contingency plans?
•	 How are agreements made with employees in such cases?
•	 Are there agreements in case of a crisis? (Independent 

arrival, automatic responsibilities, etc.)

Feed and water

Main question / impulse / stimulus for explanation
“How do you estimate the storage capacity of feed on the farms you advise?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Determination of feed stocks •	 What is the potential to save feed reserves by changing 
rations at short notice?

•	 What feed storage capacity is available on farms?
•	 What measures do poultry/pig farmers take when feed 

shortages become a problem?
Main question / impulse / stimulus for explanation
“How do you think the farms you advise will be supplied with water during such a power outage?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Mapping the structures in the 
water supply

•	 What are the main sources of water on the farms (wells vs. 
city water)?

•	 What are the potential hygiene (manure removal) problems 
in the event of a power outage?

Operations management – IT systems:

Main question / impulse / stimulus for explanation
“Keyword IT and data: to what extent do you think farms can continue to operate in ‘crisis mode’ without 
functioning IT and data processing systems?
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Dependence on IT and data
•	 Vulnerability of IT and data
•	 Operating options without IT and 

data

•	 How robust are your IT systems in the event of a power 
failure?

•	 How quickly can these systems be brought back online?
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Impacts on/by upstream and downstream areas:

Main question / impulse / stimulus for explanation
“Where do you see the biggest problems at the interfaces with upstream and downstream areas?”
Content of the question Maintaining the conversation / Possible follow-up questions

•	 Identification of critical points 
of contact with upstream and 
downstream areas

•	 Identification of temporal 
independence from upstream and 
downstream areas

•	 How long can slaughter animals (pigs and poultry) be kept in 
the event of a blackout?

•	 How long do you think it will take to return to normal 
operations in the upstream and downstream areas?

•	 Where else do you anticipate problems?

Third-party support:

Main question / impulse / stimulus for explanation
“What support would you say is needed from third parties (fire department, THW (German Federal Agency for 
Technical Relief), etc.) in the event of a crisis?”
“What does this support look like?” e.g.:

•	 Hardware: equipment, spare parts, medicines, fuel, emergency power generators, feed
•	 Services: Staff, veterinary, transport, advice

Content of the question Maintaining the conversation / Possible follow-up questions
•	 Determine support capabilities and 

requirements
•	 What networks can a farm draw on in the event of a crisis 

(neighborhood, dairies, machinery rings, etc.)?
•	 Is there a pre-arranged crisis communication?
•	 How likely is it that public civil protection resources will 

provide support?

2.4 Final questions

(1)	 What aspects have been forgotten that could cause problems in the production process (beef, pork, 
chicken) in the event of a blackout?

(2)	 How realistic do you think the blackout scenario is?
(3)	 What other disaster scenarios are relevant and should be considered in future studies?
(4)	 Is there anything else you would like to know from me?


