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Bei diesem Beitrag handelt es sich um einen wissenschaftlich 
begutachteten und freigegebenen Fachaufsatz („reviewed paper“).

Discussion and forecast based on an industrial study

Current trends  
in factory planning

J. Hartwich-Fischer, C. Eckart, M. Birkle, F. Bermpohl, A. Munzke

A B ST R A C T  Factory planning is currently experiencing  
a major shift, marked by increasing uncertainty. In this context, 
four trend topics are widely discussed yet lack a clear industri-
al baseline: systematic risk management, a continuously  
updated factory planning basis, targeted adoption of new 
 technologies in indirect processes, and management of uncer-
tainties at the product-factory interface. To address this gap,  
an industrial study was conducted, combining a structured 
 literature review with a self-administered questionnaire. 
 Additionally, further research needs are outlined.

Aktuelle Trends in der Fabrikplanung – 
 Einordnung und Prognose auf Basis  
einer Industrie-Studie

Z U S A M M E N FA S S U N G  Die Fabrikplanung ist aktuell von 
großer Unsicherheit geprägt. Es werden verschiedene Trend-
Themen diskutiert, zu denen jedoch die konkrete Absprung -
basis der Industrie unklar ist. Vier davon werden in diesem 
Beitrag untersucht: systematisches Risikomanagement, eine 
kontinuierlich aktuelle Fabrikplanungsgrundlage, die gezielte 
Einführung neuer Technologien in indirekten Prozessen und 
das Management von Unsicherheiten an der Schnittstelle zur 
Produktentwicklung. Zur Einordnung wurde eine Industrie -
studie durchgeführt und es werden weitere Forschungsbedarfe 
aufgezeigt.

1 Introduction

In 2023 alone, Germany recorded 4,408 factory building 
completions [1]. At the same time, factory planning faces dual 
pressures. Volatile markets, geopolitical tensions, and changing 
regulatory requirements collide with rapid innovation and decisi-
on-making cycles. This increases the complexity of factory plan-
ning projects, which must be completed at a higher frequency 
[2, 3]. As a result, success in factory planning will increasingly 
rely on the ability to make informed decisions under uncertainty. 
The challenges outlined suggest that factory planning projects are 
increasingly exposed to risks. Furthermore, research indicates 
 potential gaps between goals and actual results [4, 5]. 

The study of Neuhäuser et al. identified deficiencies in coordi-
nation and communication as the most significant challenges in 
contemporary factory planning processes [6]. Bermpohl et al. also 
identified several significant practical challenges in a recent study. 
These challenges include data availability, the need for frequent 
adaptation, and incompatible technical solutions [7]. Building on 
these findings, the authors identified four key topics to address 
these challenges. To ensure project success and make informed 
decisions despite the complexity of factory planning projects, a 
structured risk management approach is essential. Such an 
 approach involves “coordinated activities to guide and control an 
organization with regard to risks” [4]. Despite numerous challen-
ges in factory planning, there is no specific process for managing 
risks during planning [8]. 

Additionally, this study will explore a solution for the need  
for replanning due to shorter product life cycles, focusing on a 

continuously updated factory planning basis [2]. Establishing this 
foundation depends on identifying relevant target values, infor-
mation, and technologies. In addition to the aforementioned 
aspects, incompatible technical solutions also remain a major 
challenge in modern factory planning [7]. This issue partly stems 
from promising innovations and new solutions seldom making 
their way into the industry. To address this, the study will explore 
the factors that contribute to success and the barriers that hinder 
the adoption of innovation. The final objective of the study is to 
examine the challenge of insufficient data availability in factory 
planning [7]. This often results from planning a factory while the 
product to be manufactured is still under development, creating 
uncertainty in relevant information that can change during plan-
ning as the product evolves [9]. To develop a solution to these 
 information uncertainties, this study will identify relevant data 
and approaches for managing these uncertainties as a third topic.

This study will analyze the four topics that, together, influence 
the ability to plan factories robustly, quickly, and sustainably: 
 Systematic risk management, an updated planning basis, targeted 
use of new technologies in indirect processes, and managing plan-
ning uncertainties at the interface with product development. 
Chapter 2 provides an overview of the current state of research 
and technology in the four subject areas, followed by the formula-
tion of hypotheses and the presentation of the methodological 
 approach in chapter 3. Chapter 4 is devoted to the presentation 
of the study’s findings, which are subsequently compared to the 
extant literature. In chapter 5, the previously formulated hypothe-
ses are either accepted or rejected. In conclusion, the key findings 
are summarized once more in the final chapter.
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2 State of research and technology

To reliably identify the ongoing research requirements in the 
domain of factory planning with regard to the four trend topics, a 
systematic analysis of the current state of the art in each subject 
area is necessary. Consequently, the inquiries addressed in the 
study can be refined, and a suitable data collection and evaluation 
methodology can be derived.

2.1 Risk management for factory planning

In a survey by Burggräf et al. conducted in 2022 [10], 68 % of 
respondents concurred with the hypothesis that the factory plan-
ning process can be regarded as particularly risky due to nume-
rous internal and external parties involved in planning, mutual 
dependencies, and the many uncertainties surrounding informati-
on. Despite the necessity for suitable methods to address the risks 
in factory planning projects, this area has received little research 
attention to date. This finding emerged from a comprehensive 
 literature analysis on risk management in factory planning, 
 conducted in 2021. The analysis revealed a lack of publications 
 addressing factory planning [8, 11]. 

Nevertheless, preliminary methodologies for automating risk 
identification in the construction industry have been identified. 
One such example is a system for identifying risks within con-
struction project contracts. The contracts are then subjected to a 
rigorous analysis using text mining techniques, whereby predefi-
ned keywords are systematically searched for. These keywords 
function as indicators of potential risks [12]. Nevertheless, the 
database for this approach consists exclusively of the contracts 
concluded between the project participants and does not take into 
account the specific requirements that arise in factory planning 
projects from the cooperation between industrial construction 
and production system planning [3, 12]. A comparable approach 
to risk identification was developed by Alsubaey et al., in which 
meeting minutes serve as the primary data source. These are 
 analyzed using Bayesian networks to provide early warning of 
possible project failure [13]. Zou et al. have developed a system 
that uses natural language processing to evaluate accident and 
risk  reports in order to find similar cases from past projects [14]. 

In addition to the examples enumerated here, further research 
has been conducted on the use of text mining for risk identificati-
on in construction projects. However, a commonality among 
 these research projects is their exclusive focus on risks inherent 
in construction planning [12]. Consequently, the characteristic 
risks of factory planning, which are particularly characterized by 
the interaction between building and production system design, 
were not part of the research. In addition to the research work 
previously referenced, a research project on risk management in 
the construction industry was also completed in 2022 as part of 
the “Zukunft Bau” funding program. The objective of this project 
was to integrate a systematic risk management process into the 
Building Information Management (BIM) method. In the context 
of this initiative, risk catalogues were developed from the vantage 
point of building owners and contractors with regard to risk 
identification [15]. However, the prevailing focus within these 
studies was on the domain of construction planning, which 
 precludes the consideration of the distinctive attributes that 

 characterize factory planning projects. Consequently, the extant 
research findings do not address the specific characteristics of 
factory planning projects [15]. As a result, there is a general 
 absence of risk management methodologies in research developed 
for the specific requirements of factory planning.

2.2 Continuous up-to-date factory planning basis

Recent advancements in factory planning have been characte-
rized by a shift towards collaborative efforts in the development 
of holistic digital factory models (HDFMs) [7]. This evolution is 
exemplified by the integration of BIM [16], a working metho -
dology that facilitates cooperation among various stakeholders 
 involved in the factory planning. Projects are concluded with the 
creation of an HDFM that serves as the planning basis and conso-
lidates all planning results [17]. There is a recognized need for 
digital information continuity at the interface between planning 
and operations [7]. However, these HDFMs are not transferred 
and employed in factory operations (e.g., to construct a digital 
factory twin (DFT)). These HDFMs are therefore not subject to 
maintenance during operation, and are, consequently, outdated at 
the start of the subsequent planning project [18]. Accordingly, the 
process of data preparation, which accounts for approximately 
60% of the total effort [19], needs to be conducted at the initiati-
on of a replanning project. 

Existing update approaches prioritize faster reaction and 
 higher planning efficiency [20]. However, these approaches do 
not consider other important objectives in factory planning, such 
as planning quality [21], flexibility [21], changeability [22], or 
employee acceptance [23]. The majority of work updates alpha-
numeric (e.g. [20, 24]) or geometric (e.g. [25–28]) static resour-
ce parameters. However, additional relevant parameters related to 
both the process and the worker [29], such as processing times or 
ergonomics, have not been addressed. Researchers employ a range 
of methodologies, including laser scanning (e.g. [25]), localizati-
on systems (e.g. [28]), photogrammetry (e.g. [27]), Asset Admi-
nistration Shell for DFTs (e.g. [20, 24]), and BIM with IFC 
 (Industry Foundation Classes, e.g. [20, 24, 25, 27, 28]). Never-
theless, the justification of technological choices is rarely demons-
trated. 

The field remains characterized by the absence of a com -
prehensive, continuously updated definition of requirements for 
HDFMs. This should specify objectives for short-cycled factory 
replanning, the information that must be updated in operation, 
and the technologies to be applied.

2.3 Implementation of new technologies  
 for indirect organizational processes

The implementation of new technologies such digital twins for 
factory planning, as an example of an indirect organizational pro-
cess, necessitates cross-functional coordination, complex data 
 integration, and governance [30]. The benefits of such an 
 approach are diffuse and difficult to quantify before deployment 
[31]. The existing literature suggests the potential for substantial 
gains [32]. Yet, the empirical evidence supporting these claims 
 remains limited. A significant proportion of the extant studies are 
based on case examples and pilot programs [33]. However, signi-
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ficant  barriers, including interoperability challenges [34], missing 
standardization [35], cyber security concerns [36], and the need 
for specialized employee skills [35], block the transition from 
 initial proof of concept to subsequent industrial implementation. 
DFTs are a manifestation of this paradigm within the manufactu-
ring  industry. According to scholars in the field, the application of 
ex ante economic evaluation to support investment decisions is 
imperative [37]. Nevertheless, robust benchmarks from real 
 deployments are rare [31]. There is also a lack of sufficient 
 evidence  regarding when and why firms choose to stop or avoid 
further development of these technologies [38]. 

Consequently, a research gap persists due to the absence of 
empirical evidence that quantifies the perceived gap between 
theoretical and realized benefits of factory planning technologies, 
such as DFTs, and clarifies how ex ante economic evaluation 
 influences investment and discontinuation decisions.

2.4 Uncertainties at the interface between  
 product development and factory planning

The interface between product development and factory plan-
ning has been a subject of research for a long time. On the tech-
nological side, Product Lifecycle Management (PLM) systems are 
commonly deployed and continuously improved to manage 
 product-related information throughout the entire lifecycle [39]. 
In the context of the digital factory, these PLM systems serve as a 
basis for an integration approach that provides all users with the 
specific information they need. Therefore, PLM systems offer the 
opportunity to exchange information along the interface between 
product development and factory planning [40]. Considering the 
time-related aspect as well as the condition of the exchanged in-
formation between both domains, different approaches can be 
identified in the literature. 

Nyhuis et al. define time-discrete synchronization points in the 
planning process as points at which information is transferred. 
The status of each piece of information is implemented via traffic 
light logic in three increasing degrees of maturity. The informati-
on can therefore either be available and sufficient, available but 
not yet sufficient, or, in the worst case, not yet checked [41]. 
Thus, the uncertainty of information is described in a qualitative 
manner. To quantify this uncertainty, probability distributions can 
be employed. Unzeitig et al. derive a corresponding method in the 
context of factory dimensioning. Each dimensioning size is 
 described by a probability distribution, and a Montecarlo simula-
tion is utilized to aggregate the individual distributions [9]. Apart 
from probability distributions, which are classified as a stochastic 
approach, uncertainties can also be described using different 
 approaches. In the context of process time uncertainty, fuzzy and 
interval representations are valid modeling types. Fuzzy 
 approaches require a given membership function to adjust the 
 level of information to a limited extent. 

It is essential to note that these three approaches to modelling 
uncertainties have different levels of information need and, 
 consequently, different levels of detail [42]. A holistic approach 
that combines these uncertainty models to describe the informati-
on exchanged along the interface between factory planning and 
product development does not currently exist. Additionally, the 
 potential implementation of uncertainty models in PLM systems 
has not been thoroughly studied.

3 Scientific approach
3.1 Research objectives

The objective of the present study is to examine the relevance 
of the four identified topics for factory planning and to provide 
empirical evidence. In the domain of risk management, the study 
analyzes the frequency with which initial project goals are being 
achieved and the significant factors influencing this achievement. 

In the domain of short-cycle factory planning, the study 
 ascertains the target values and information that are particularly 
relevant for replanning, as these have a significant impact on the 
design of solutions. To facilitate the incorporation of emerging 
technologies into indirect business processes in the future, an 
analysis is conducted to identify existing obstacles and invest-
ment-related decision-making factors. This analysis establishes 
the foundation for the development of effective implementation 
strategies. In a similar manner, to address the information uncer-
tainties inherent in the interaction between product development 
and factory planning, specific information requirements and rele-
vant target values are systematically documented to facilitate the 
development of innovative solutions. The findings of this study 
address the existing gap between research and practice and sup-
port the development of application-oriented, effective solutions.

3.2 Research hypotheses

Based on these research objectives, the authors collaboratively 
developed several hypotheses. In addition to the literature review 
results, the authors’ expertise and experience were utilized. The 
hypotheses are each presented with a null hypothesis and an 
 alternative hypothesis. A series of related hypotheses can be deri-
ved for each research objective. Initially, hypotheses regarding the 
risk management in factory planning are formulated:
1. The initial hypothesis posits that, in the context of factory 

planning projects, the majority of quality targets are successful-
ly met, while cost and schedule targets are frequently not met. 
This hypothesis is founded on the findings of [43], which will 
be adapted to the present circumstances within the framework 
of this study.
– H0: In factory planning projects, quality targets are not 

achieved in more than 60 % of projects, and cost and sche-
dule targets are not missed in more than 60 % of projects.

– H1: In factory planning projects, quality targets are achieved 
in more than 60% of projects, while cost and schedule 
 targets are missed in more than 60 % of projects.

2. Given the prevalence of unmet objectives in factory planning 
projects, it is imperative to assess which risks have the most 
significant impact on objective achievement. The second hypo-
thesis posits that organizational risks exert a substantial influ-
ence on the execution of factory planning projects. This hypo-
thesis can be derived from the work of [6, 7], who identified 
organizational factors such as communication and coordinati-
on as significant challenges in factory planning.
– H0: Organizational risks do not significantly influence 

 factory planning projects.
– H1: Organizational risks have a significant impact on factory 

planning projects
Subsequently, hypotheses concerning the continuous up-to-date 
factory planning basis are presented:
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3. The third hypothesis is that there are additional target criteria 
to be considered in the context of short-cycled factory replan-
ning than the improvement in reaction times and cost-efficien-
cy (derived from [7]). 
– H0: No significant proportion of the participants believe that 

additional target criteria should be considered in the context 
of short-cycled factory replanning than the improvement in 
reaction times and cost-efficiency.

– H1: A significant proportion of the participants believe that 
additional target criteria should be considered in the context 
of short-cycled factory replanning than the improvement in 
reaction times and cost-efficiency.

4. Existing works often focus on geometric or alphanumeric 
 resource-related information in HDFMs (e.g. [16]). The 
fourth hypothesis states that process-related information is also 
relevant data to be updated throughout the operational inter-
phases between two replanning cycles. 
– H0: No significant proportion of the participants believe that 

process-related information is relevant data to be updated 
throughout the operational interphases between two replan-
ning cycles.

– H1: A significant proportion of the participants believe that 
process-related information is relevant data to be updated 
throughout the operational interphases between two replan-
ning cycles.

5. Furthermore, the fifth hypothesis states that worker-related 
 information is also relevant data to be updated throughout  
the operational interphases between two replanning cycles. 
– H0: No significant proportion of the participants believe that 

worker-related information is relevant data to be updated 
throughout the operational interphases between two 
 replanning cycles.

– H1: A significant proportion of the participants believe that 
worker-related information is relevant data to be updated 
throughout the operational interphases between two 
 replanning cycles.

In relation to the challenges in the implementation of new 
 technologies for indirect organizational processes such as factory 
planning, two hypotheses are drawn:
6. The sixth hypothesis states that there is a perceivable gap 

 between the theoretical potential and the practically utilized 
potential of innovations such as DFTs.
– H0: No significant proportion of participants rate  

the gap as high or very high.
– H1: A significant proportion of participants rate  

the gap as high or very high.
7. The seventh hypothesis states that the ability to assess  

the economic value of an innovation prior to investment  
is relevant for decision-making.
– H0: No significant proportion of participants rate  

the ex-ante economic assessment as relevant.
– H1: A significant proportion of participants rate  

the ex-ante economic assessment as relevant.
Considering the uncertainties at the interface between product 
development and factory planning, one hypothesis is derived:
8. The eighth hypothesis states that currently, PLM systems are 

not used comprehensively to describe and assess uncertainties 
of product development in factory planning.
– H0: A significant proportion of the participants use PLM 

systems to describe and assess planning uncertainties
– H1: No significant proportion of the participants use PLM 

systems to describe and assess planning uncertainties

3.3 Methodological approach

A mixed-methods approach, which combines qualitative and 
quantitative data, is employed. Hypothesis testing, which utilizes 
significance tests as a quantitative research method, requires the 
collection of quantitative data. The qualitative data, on the other 
hand, helps gain a better understanding of the research topics and 
improves the overall quality of the study’s results by supporting 
the collected quantitative data. As the mixed-methods approach 

Fig. 1 Methodological approach, including self-administered questionnaire and literature review. Source: Fraunhofer IGCV
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represents a valid research strategy, self-administered question-
naires with both open and closed questions, along with a literatu-
re review, are employed [44, 45].

The self-administered questionnaire consists of six fully 
 standardized questions with predetermined answer options in a 
multiple-choice format, as well as five open-ended questions that 
require the insertion of free-text blocks. For each trend, two to 
three questions are implemented. Additionally, control questions 
are implemented to ensure only responses from the target group 
are captured. The questionnaire is distributed to as many potenti-
al respondents as possible. Due to the self-administered character, 
a significant number of participants can be reached efficiently.

Figure 1 illustrates the methodological approach employed in 
this study, focusing on trends and demands for solutions in the 
manufacturing industry. 

A comprehensive literature review is carried out to capture the 
state of the art and identify existing challenges and future needs. 
Based on that the questionnaire is elaborated and hypotheses are 
derived. These hypotheses are subsequently tested using the eva-
luated results of the questionnaire. In an intermediate step, the 
qualitative data from the questionnaire has to be analyzed regar-
ding the key phrases before it is applicable to test the hypotheses. 
Following the general procedure of hypothesis testing, null and 
alternative hypotheses are formulated. Subsequently, their statisti-

Table Questions and answer choices associated with the hypotheses. 

No.

1

2

3

4

5

Associated hypotheses

H1

H2

H3

H4, H5

Question

In what percentage of factory planning projects can the goals set at the start  
of the project be achieved?

The following types of objectives were assessed  
by the participants:

– Cost
– Date
– Quality

Which risks have the greatest impact on the achievement of project goals  
in practice?

The following categories of risks were  
assessed by the participants:

– Organizational: Influences on the project due to insufficient coordination  
between project participants, poor communication or coordination,  
or inadequate knowledge  
management.

– Legal: The causes of these risks lie, for example, in regulations and laws,  
but also in contracts [15].

– Scheduling: This type of risk distinguishes between risks arising from 
changes in the general conditions and risks resulting from incorrect  
scheduling [15].

– Market risks: Market risks in factory planning projects are uncertainties and 
potential negative effects resulting from fluctuations in demand or prices. 
These can affect the planned capacities, schedules, and profitability of the 
factory [15].

– Environmental risks: influences on the project at the political level, from the 
environment and nature, or from the public [15].

What methods and tools do you use to identify and assess risks in your  
projects?

Which target criteria are particularly relevant in the context of short-cycled 
factory replanning?

What information is particularly relevant for factory replanning?

Answer choices

– 0-20 % (very low)
– 21-40 % (low)
– 41-60 % (moderate)
– 61-80 % (high)
– 81-100 % (very high)

– Not at all
– Slightly
– Moderately
– Strongly
– Very strongly

Open question

– Improvement in reaction time
– Improvement in replanning costs
– Improvement in planning quality
– Improvement in worker acceptance
– Improvement in flexibility
– Improvement in changeability

– Alphanumeric resource- related  
information (e.g., availability,  
capacity, energy consumption)

– Geometric resource-related  
information (e.g., position,  
orientation, dimensions)

– Process-related information (e.g., 
processing times, idle times,  
transportation times)

– Worker-related information (e.g.,  
ergonomics)
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cal significance is determined, and statistical testing methods are 
applied to test them [44, 46]. As a result of this process, a com-
prehensive understanding of the current trends and demands for 
solutions in the manufacturing industry is derived from the 
 results of the literature review and the self-administered questi-
onnaire. This knowledge serves as the foundation for future 
 research proposals.

4 Results
4.1 Study design

The target population of this study comprises individuals with 
prior experience in factory planning. It is essential to consider 
this factor by integrating control questions in the self-administe-
red questionnaire. The required sample size for quantitative 
 hypothesis testing can be determined in advance by considering 
several factors. In the present study, nominal-distributed variables 
are involved, and the correlation between them can be calculated 
using the c²-test. For this study, an expected effect size ω of 0.3, a 
significance level (α-error) of 5.0 %, and a power (1-β-error) of 
0.8 are assumed. These values have proven to be effective in 
practice [47]. The optimal sample size is determined using the 
number of degrees of freedom with the computer program 
G-Power. In this case, the maximum number of degrees of free-
dom is 25 for the relationship between responses and sociodemo-
graphic background. In this case, a sample size of 92 participants 
is required to calculate a significant relationship. Aside from the 
correlation analyses with sociodemographic background, the stu-
dy primarily employs simple majority tests. These typically requi-
re smaller sample sizes, as statistical significance is established via 
one-sided one-sample proportion tests (exact binomial) against 
the majority threshold of p = 0.50 rather than c²-based associati-
ons. Moreover, for correlations involving open-ended questions, 
the necessary sample size cannot be decided beforehand because 

the categorization and coding of responses, and therefore the 
 degrees of freedom, are determined during analysis.

The survey employs a self-administered questionnaire compri-
sing quantitative closed ordinal five-level Likert-scale questions as 
well as qualitative open questions. The initial section of the ques-
tionnaire addresses the risk management in factory planning. The 
second section addresses the continuous up-to-date factory plan-
ning basis. The third section includes questions about the imple-
mentation of new technologies for indirect organizational proces-
ses. The fourth section comprises questions about the interface 
between product development and factory planning. An overview 
of the questions and answer choices is provided in the Table. The 
authors devised the answer choices based on the hypotheses, and 
the literature review discussed in a workshop. 

4.2 Sociodemographic background  
 of the study participants

A total of 51 participants were recruited to complete the sur-
vey. Each participant had to complete five standardized questions 
at the beginning of the questionnaire to capture their sociodemo-
graphic background. The evaluated results of this sociodemogra-
phic background are visualized in detail in the Appendix 1–3.

4.3 Results in the context of the research objective
4.3.1 Risk management for factory planning

To assess the impact of project-specific risks on the perfor-
mance of factory planning projects, respondents were asked to 
 indicate the percentage of their projects in which the targets defi-
ned at the project’s start were actually achieved. A distinction was 
made between three key target categories: schedule, cost, and 
quality targets [43]. The results show a clear discrepancy between 
quality and schedule and cost achievement (Figure 2). 

Table Questions and answer choices associated with the hypotheses. 

No.

6

7

8

9

10

11

Associated hypotheses

H8

H6

H7

H8

Question

Which technologies are of particular relevance in the context of continuously 
updating the factory planning basis?

How do you assess the gap between the theoretical potential and the potential 
actually utilized in practice of innovations such as digital factory twins?

When and why do companies decide not to further develop innovations such  
as digital factory twins: Before, during, or after the investment decision making 
or implementation phase?

How important is it for you to be able to assess the economic value  
of a new innovation (e.g. a digital factory twin) before you invest?

Which information from product development affects the factory planning  
and especially the planning of the production system?

What kind of approaches currently exist to counteract the planning  
uncertainties? 

Answer choices

Open question

– Very low
– Low
– Moderate
– High
– Very high

Open question

– Not relevant
– More not relevant
– Neutral
– More relevant
– Relevant

Open question

Open question
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For example, 29 % of respondents stated that the agreed dead-
lines were met in less than 40 % of their factory planning pro-
jects; a further 14 % even reported that deadlines were met in less 
than 20 % of projects. Similar patterns can be seen with cost 
 targets. In contrast, quality targets are achieved much more 
 frequently: 51 % of respondents stated that the required quality 
was achieved in 61–80 % of their projects.

To identify the causes of project targets not being met, partici-
pants were asked to specify which risk categories have the 
greatest negative impact on target achievement in factory plan-

ning projects in practice. Organizational risks are the only risk 
category whose impact was rated as strong or even very strong by 
a significant majority of participants. The second most significant 
influence pertains to the risk associated with scheduling. The 
 respondents indicated that legal and environmental risks exerted 
the least negative influence, with 20 % perceiving environmental 
risks as having only a minor influence and 39 % regarding legal 
risks as having only a minor influence. The detailed distributions 
of ratings are presented in Figure 3.

Fig. 2 Frequency of objective 
achievement in factory planning 
projects. Source: Fraunhofer IGCV

Fig. 3 Influence of different risk categories on factory planning projects. Source: Fraunhofer IGCV

Fig. 4 Current methods used  
for identifying and assessing risks  
in factory planning.  
Source: Fraunhofer IGCV
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Finally, this section surveyed which methods and tools partici-
pants use to identify and assess project risks. The question was 
not limited to a specific number of responses; respondents were 
permitted to offer multiple answers. A total of 46 individuals 
contributed to the study by providing information (Figure 4). 

No single method was mentioned in a significant majority of 
responses. The evaluation indicates a predominant emphasis on 
pragmatic, widely established methods. Brainstorming (37 %) and 
Failure Mode and Effects Analysis (FMEA, 33 %) were the most 
frequently cited methods. Concurrently, assessment based on ex-
perience remains a central component of risk assessment. 

4.3.2 Continuous up-to-date factory planning basis 

The analysis indicates that the primary objective in establis-
hing a continuously updated factory planning basis is to improve 
flexibility. Beyond flexibility, improvements in changeability, 
 replanning costs, and response time were each rated as “relevant” 
or “more relevant” by a statistically significant majority of res-
pondents. The detailed distributions of ratings are presented in 
Figure 5.

In accordance with these objectives, the study identifies alpha-
numeric, geometric, and process-related information as particu-
larly relevant for factory planning. For each information category, 
a statistically significant majority of respondents rated the infor-
mation as “relevant” or “more relevant” to establishing a continu-
ously up-to-date factory planning basis. The detailed distributions 
and significance results are presented in Figure 6.

The technologies most relevant to establishing a continuously 
updated factory planning basis are the DFT, laser scanning, BIM, 
and the Industrial Metaverse (IM). Across the 51 participants, a 
total of 115 selections were recorded due to the allowance of 
multiple responses. The distribution of selections and relative 
prominence of each technology are presented in Figure 7.

4.3.3 Implementation of new technologies  
 for indirect organizational processes 

In the context of implementing new technologies for indirect 
organizational processes, such as factory planning, a statistically 
significant majority of participants report a substantial (high or 
very high) gap between the theoretical potential and the potential 

Fig. 5 Relevance of target criteria in the context of short-cycled factory replanning. Source: Fraunhofer IGCV

Fig. 6 Relevance of information in different classes for establishing a continuous, up-to-date factory planning basis for short-cycled factory replanning. 
Source: Fraunhofer IGCV
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realized in practice. Additionally, a statistically significant majori-
ty considers it relevant or more relevant to determine the econo-
mic value of a new innovation before making an investment deci-
sion. The detailed answer distributions are visualized in Figure 8. 

Regarding the timing and rationale for discontinuing the deve-
lopment of innovations like the DFT, the data suggest that most 
participants make this decision before the investment stage, with 
an unclear return on investment (ROI) being cited as the prima-
ry reason. However, these proportions do not attain statistical sig-
nificance. The detailed results are presented in Figure 9.

4.3.4 Uncertainties at the interface between 
  product development and factory planning 

Considering the interface between product development and 
factory planning, a wide range of information objects that impact 
factory planning can be identified. Especially the product geome-
try, information regarding necessary manufacturing processes, 
and the Bill of Materials (BOM) seem to be of high relevance. 
Additionally, the approaches to counteract planning uncertainties 
vary. Here, the high importance of communication between both 
domains can be emphasized. Figure 10 provides a detailed visua-
lization of the answers.

4.3.5 Relation to socio-demographic background

Figure 11 presents the sociodemographic background in the 
rows and the responses to the questions in the columns. The re-
sulting matrix reports c²-test ρ-values for associations between 
these nominal variables. A value below α = 5 % (highlighted in 
green) is indicative of a potential association. However, such 
 values may occur by chance and must be evaluated for plausibility 
on a case-by-case basis. Due to the limited number of partici-
pants, these associations are not statistically significant.

5 Discussion
5.1 Comparison to literature

Several significant contrasts emerge when the present study is 
compared to the existing literature on the subject. The methods 
most frequently cited in this study for identifying and assessing 
risks in factory planning projects differ significantly from the fin-
dings of a comparative study completed in 2022, which focused 
on construction projects as a whole and is therefore only compa-
rable to a limited extent. While the FMEA method was utilized by 
a mere 1 % of the companies surveyed in the aforementioned 
 study, it was mentioned in 33 % of the responses in the present 
study, thereby becoming the second most frequently used method.

A notable similarity exists between the pervasive utilization of 
brainstorming and checklists. However, Helmus et al. report a hig-
her prevalence of checklist use (45 %) in contrast to the 22 % 
 observed in the present study [15]. However, other results align 
more closely with existing literature on the subject. For instance, 
the findings support the conclusions of Reinema et al., who indica-
ted that quality targets in factory planning projects are predomi-
nantly met, while schedule and cost targets are frequently not met 
[43]. Moreover, the conclusion that organizational risks currently 
exert a substantial negative influence on factory planning projects 
aligns with the findings of Neuhäuser et al. and Bermpohl et al., who 
identify deficiencies in coordination and cooperation as funda-

mental challenges in factory planning projects [6, 17]. Regarding 
the subjects of short-cycled factory planning and the implementa-
tion of new technologies in indirect business processes, the stu-
dy’s findings largely align with existing literature and offer furt-
her insights into specific aspects. In addition to response time and 
costs, supplementary target variables relevant to short-cycle facto-
ry planning were identified. Additionally, the findings clearly in-
dicate that the primary factor hindering the implementation of 
technical innovations is an unclear ROI. This outcome aligns with 
the findings of a 2024 study that examined the implementation 
status of Industry 4.0 in companies within the DACH region 
(Germany, Austria, Switzerland). As identified in the literature 
review, PLM systems are currently not utilized to describe and 
assess the uncertainties associated with product development.

5.2 Critical reflection of the study design

The present study is subject to specific methodological limita-
tions. Firstly, the survey’s scope is extensive, yet the number of 
survey items is limited. This potential limitation may result in the 
examination of irrelevant dimensions and the allocation of dis-
proportionate interpretive weight to individual questions. 

Secondly, the recruitment of participants via the Fraunhofer 
IGCV network may introduce selection bias, thereby constraining 
external validity. Thirdly, the sample size is inadequate for testing 
correlations with adequate statistical power. Therefore, observed 
associations should be interpreted as indicative rather than con-
clusive. Future research endeavors should utilize a larger and 
 more diverse sample size, along with a broader range of items, to 
enhance the study’s robustness, validity, and generalizability.

5.3 Relation to the research hypotheses

Considering the study’s results, the previously established 
 hypotheses can be addressed. The hypotheses concerning risk 
 management in factory planning projects can only be partially 
 accepted. While a significant majority of participants indicated 
that costs and deadlines are frequently unattainable, no significant 

Fig. 7 Relevant technologies for establishing a continuous, up-to-date 
factory planning basis. Source: Fraunhofer IGCV
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majority reported frequently attaining quality targets. Moreover, 
it has been proven that organizational risks have a significant 
 negative impact on the accomplishment of objectives in factory 
planning projects. In the context of a continuously updated facto-
ry planning basis, hypotheses H3 and H4 can be accepted. This 
suggests that additional target values should be considered within 
the framework of short-cycle factory planning, and that process-
related information should be updated between replanning cycles. 

Conversely, the fifth hypothesis must be rejected considering 
the study’s findings. The necessity of updating information rela-
ted to workers between replanning cycles has not been validated. 
In the context of introducing new technologies for indirect busi-
ness processes, the sixth and seventh hypotheses can be accepted. 
This finding suggests a noticeable discrepancy between the theo-
retical potential and the practical utilization of innovations such 
as DFTs. Furthermore, the importance of evaluating the economic 

value of an innovation before making an investment decision is 
emphasized. Hypothesis H8 can be accepted, as there is no signi-
ficant proportion of participants who indicate using PLM systems 
to describe and assess uncertainties in product development 
 during factory planning.

6 Conclusion and outlook

This paper presents a mixed-methods study on current trends 
in factory planning. Based on a literature review, existing challen-
ges and future needs were identified, and hypotheses were deri-
ved. Subsequently, the questionnaire results were used to test 
 these hypotheses and gather new data on current trends in facto-
ry planning. The central findings of the study can be concluded in 
six key points:

Fig. 8 Potential and decision criteria for the implementation of new technologies for indirect organizational processes. Source: Fraunhofer IGCV

Fig. 9 Timing and rationale for discontinuing the development of innovations for indirect organizational processes. Source: Fraunhofer IGCV
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1. Considering the risk management, the objectives defined at the 
start of the project cannot currently be fully met in factory 
planning projects.

2. While knowledge regarding the specific risks in the domain of 
factory planning is already being gathered in analog form, this 
information has yet to be used systematically. Currently, it is 
primarily linked to individual experiences.

3. In the future, it will be necessary to develop specific ap-
proaches to address the organizational challenges encountered 
in factory planning projects.

4. In the context of shorter-cycle factory replanning, a continu-
ously updated factory planning basis that primarily includes 
alphanumeric and geometric resource-specific information, as 
well as process-related data, is highly relevant. The study iden-
tified four main technologies: DFT, BIM, laser scanning, and 
IM. The actual implementation of this constantly updated 
factory planning basis remains an area for future research. 

5. The implementation of innovations, such as a continuous, 
 up-to-date factory planning basis, is closely linked to ROI, and 
in order to be applied, ex-ante evaluations may be necessary. 
This could also be an area of future research. 

6. Regarding the uncertainties at the interface between product 
development and factory planning, PLM systems are currently 
rarely used to describe and assess the uncertainties of product 
development in factory planning. Therefore, further research 
on this topic is necessary. In this context, it seems sensible to 
also fully identify the relevant information that needs to be 
transferred between the two domains.

As shown in these key findings, further research is necessary to 
address the four trends in factory planning considered in this 
 paper. The data collected in this study can serve as an additional 
database in this context.

Fig. 10 Information from product development affecting factory planning and approaches to counteract planning uncertainties. Source: Fraunhofer IGCV

Fig. 11 Correlation of answers and sociodemographic background. Source: Fraunhofer IGCV
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