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ABSTRACT 
The interface between construction and production is an area of research with rising importance given 
its increasing demand for efficiency gains in factory planning and construction planning processes. In 
fact, nowadays, it is usual for production and surrounding buildings to be planned separately as 
independent entities. According to the Laboratory for Machine Tools and Production Engineering of 
RWTH Aachen University, it is against this background that recent factory planning projects have 
reported cost increases and time delays due to non-transparent information between different planners. 
Building Information Modelling (BIM) addresses precisely this problem. However, BIM is barely used 
in projects for production planning of factories. This is critical since factory planning has to deal with 
more complex planning parameters (due to the technical building equipment) compared to private 
housing construction or public building construction, where BIM is already being applied increasingly. 
In order to close this gap, it is first of all important to create transparency within the individual 
information interfaces between production planning and building planning. This article addresses this 
issue and identifies major obstacles in interdisciplinary cooperation between building planners and 
production planners. For this purpose, an interdisciplinary and partially standardised study has been 
carried out using questionnaires and partly-open expert interviews. The results show scarce 
implementation in factory planning projects due to (1) missing maturity level specifications and  
(2) missing data management standards. Both theoretical and practical implications of this study as well 
as limitations and future directions for research are discussed. 
Keywords: BIM, factory planning, integrated factory modelling, MEP, integrated planning,  
production planning. 

1  INTRODUCTION 
With around 10% of Germany’s GDP (Gross Domestic Product), 2.5 million jobs [1] and a 
growth rate of about 10% [2], the construction sector is one of the core industries in Germany 
[3]. However, numerous large-scale projects such as the airport of Berlin-Brandenburg are 
examples of lack of effectiveness and insufficient productivity [4]. In fact, the productivity 
of Germany’s construction industry still remains at 7.1% below the crisis level of 2007 [2]. 
In order to put this apparent contradiction into context, it is necessary to understand the 
special structure of the German construction sector. Germany takes pride in its division of 
labour and the associated strong expertise in subareas of planning that are distributed among 
different stakeholders or companies respectively [5]. It is for that reason that the design and 
construction process is severely functionally segmented. Numerous companies with often not 
more than 30 employees are involved [6]. Moreover, the work packages, tasks and chargeable 
fees of a building project are strictly regulated by the German “Fee Scale for Architects and 
Engineers” (HOAI) [7] whereas in the UK or the US the charged fees are rather based on a 
stipulated sum, the time of work done or unit cost [8]. Consequently, it is reasonable to say 
that especially with regard to the high level of split responsibilities within the design and 
construction process, the German construction industry is hardly comparable to other 
countries. Moreover, the industry’s level of digitisation is one of the lowest compared to 
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other core industries in Germany [5]. It follows that Germany has to catch up with the 
implementation and industry-adoption of Building Information Modelling (BIM), one of  
the worldwide main drivers of digital productivity improvement in construction [9]. For this 
purpose, the German initiative “planen-bauen 4.0” (English: planning-building 4.0) has been 
founded through various associations and chamber organizations. Its tasks are designing, 
coordination and supporting the digitisation of the entire value chain of planning, building 
and operation of buildings in Germany. planen-bauen 4.0 is hence involved in numerous 
projects in the fields of consultancy, communication and research within ten fields of action. 
The present paper is to be classified in the field of standardisation. Within this particular field 
of action, the German Institute for Standardization (DIN) has founded the standards 
committee “Building Information Modeling” with subordinate working groups to reflect 
German standardization interests [10]. Moreover, planen-bauen 4.0 played a key role in the 
development of the “Road Map for Digital Design and Construction” of the Federal Ministry 
of Transport and Digital Infrastructure in Germany. This roadmap aims at making digital 
planning and construction the standard nationwide and specifies that, as of 2020, BIM should 
be applied in all new federal transport infrastructure projects [3]. 
     The authors of this paper adopt the definition of BIM as a methodology that integrates all 
stakeholders of a construction project by managing a shared building-related database to 
facilitate planning, construction and facility management in operation [9], [11]. By this, BIM 
can be a main driver of improved stakeholder collaboration [12], which becomes especially 
relevant for Germany in face of the facts stated above: projects of the AEC industry 
(Architecture, Engineering, Construction) require close collaboration even in less fragmented 
constructions sectors of the UK or the US. Main reasons for that are the hazard of conflicting 
interests among the projects’ stakeholders and numerous interfaces through which complex 
information is shared. The functional complexity of Germany’s AEC industry even 
intensifies that challenge [13], [14]. It can therefore be concluded that the amount and the 
level of detail of the information to be exchanged among different planners determines 
the complexity of the cooperation in a construction project. Compared to private housing, the 
construction of industrial facilities is particularly challenging due to its interconnected and 
diverse user perspective. Designing a factory thus poses numerous additional challenges 
since the specialty of production planning has to be integrated into the project as a  
further dimension.  
     Factory planning is the planning of coherent building and production systems. Mutual 
dependencies are extremely important in this field since the production processes – as the 
core owner perspective – and the building system directly influence each other. This is an 
area of research that has been intensively investigated [15], [16]. In current practice, however, 
the planning of production and its corresponding building are performed separately from each 
other. In this context, recent projects of the Laboratory for Machine Tools and Production 
Engineering (WZL) of RWTH Aachen University have shown the necessity to plan the 
building system and the production system in an integrated way [17], [18]. In fact, there is 
hardly any research on the integration of the production system as a new dimension in 
Building Information Modelling (see Section 2). Within the framework of a factory 
planning project for e.GO Mobile AG (a German manufacturer for electric cars), this novel 
form of cooperation has been carried out prototypically during the design and construction 
of new factories [19], [17]. However, it was observed that explicitly during the handover of 
planning results from one planner or one specialty to another, setbacks in the planning 
progress were reported due to: 
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 Missing semantic information of BIM-objects, especially regarding those from the 
production model 

 Objects and models that are not suitably modelled for the specific state of planning  
 Missing transparency over requirements regarding the needed level of detail that a 

certain planner has to deliver at a specific point of time 
 Obstacles regarding the integration of the production system’s perspective into 

Information Delivery Manuals (IDM) and concurrently in Model View Definitions 
(MVD) [20] in order to fit into the standard workflows of buildingSMART 

     Since the project at e.GO Mobile AG has only partially taken place in a research 
environment, this paper wants to explore the main obstacles that exist in integrating the 
production system as a further dimension into the method of Building Information Modelling 
in order to create a novel planning method of integrated factory modelling.  
     The paper thus aims at (1) an open expert study regarding the integration of a production 
system within Building Information Modelling and (2) at the identification and discussion of 
research opportunities in this field. 
     The remainder of the paper is structured as follows: Section 2 substantiates the originality 
of the research project by presenting current knowledge with regard to the integration of 
production system planning into Building Information Modelling. Section 3 depicts the 
expert study as the main research methodology of this paper. The results of the study are 
summarised in Section 4 leading to a conclusion of the results and an outline of future 
research activities arising from the expert study’s outcome.  

2  ORIGINALITY 
In literature, numerous research activities are dealing with BIM [21]–[23]. These research 
activities consider the entire lifecycle of a building from design [24], [25] over construction 
[26], [27] up to operation [28], [29] in a very comprehensive way. In addition to this holistic 
perspective of an entire lifecycle, a major part of studies analyses and describes the content 
of the individual lifecycle phases in more detail.  
     The according research can be observed from two perspectives. On the one hand, it 
examines different functional planning segments in detail. Studies on functional planning 
segments can be found, for instance, in the areas of architecture [30]–[33] and HVAC 
(heating, ventilation, air conditioning) [34]–[38]. On the other hand, many research activities 
focus on topical case studies. Suitable examples for investigated topical case studies are 
safety systems [39]–[43], precast concrete [44]–[47] and tunnel projects [48]–[52]. Despite 
the manifold research activities, it has to be noted that the content of many of these 
publications mainly focuses on one functional planning segment or one topical case study. 
The interfaces among different planning disciplines are rarely considered.  
     Especially the interface between production and building planning is hardly given any 
investigation in today´s literature and the use of BIM in the factory planning process is part 
of just a short number of publications [13], [15], [19].  
     The existing research activities and studies analyse neither the problems along with the 
according optimisation potential of a BIM-based factory planning process nor the interface 
between the production and building planning. As to our knowledge, there is hence no 
existing research about the problems and associated optimisation potential in practice 
regarding the interfaces of factory planning processes. Considering this gap of research, the 
following study was initialised. 
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3  RESEARCH METHODOLOGY 
The aim of the study is to document deficits in the BIM-based factory planning process and 
to identify optimisation potentials by validating developed hypotheses and gaining 
information from interviews.  
     As depicted in Section 2, the interface between production and building planning is rarely 
considered in the current literature. For this reason, an open, explorative research approach 
was selected through a combination of a hypothesis test approach and expert interviews. 
The conducted expert study is hence divided into two parts: The first part consists of an online 
questionnaire in which hypotheses were scrutinised and answered by the experts through the 
limited response options “correct”, “incorrect”, “not assessable”. These three response 
options were selected in order to reduce the effort for the experts and to receive as 
unambiguous and clear answers as possible. 
     In order to perform a scientifically substantiated expert study, the selection of experts is 
of crucial importance. The term “expert” is generally understood to represent a person with 
privileged access to relevant expertise, for example through practical experience [53]. In line 
with this definition, the expert panel of this study consisted of 11 experts from the specialties 
of architecture, production planning and MEP(H) (Mechanical, Electrical, Plumbing, 
Heating). In order to reduce systematic bias and to comply with the European GDPR (General 
Data Protection Regulation), anonymity was guaranteed to the participants, which is why the 
exact names of the companies and interviewees are not mentioned explicitly. 
     The second part of the study consists of partially open interviews that were conducted to 
confirm the findings of the first part of the study and to explore further in-depth  
expertise (see Fig. 1).  
     Hypotheses can be used to confirm assumptions based on personal experience and to 
generalise them justifiably [54]. The possibility of time-efficient, simultaneous data 
collection as well as the low influence of the researcher on the expert were decisive criteria 
for testing the hypotheses by means of an online survey. The content of the nine hypotheses 
was generated from literature research and own practical experience. The hypotheses’ 
assessment was thereafter operationalised using the German online platform “SoSci-Survey”, 
which is also presented as a tool in the diagram of Fig. 1. 
     Based on the evaluated expert responses to the hypotheses, an individual interview 
guideline was designed for each expert. The interviews can thus be classified as partially 
standardised. They were realised in one-on-one conversations either via telephone 
conferences or as in-person interviews and lasted approximately 45 minutes each. The 
explorative character of the study was deliberately chosen in order to ensure a wide scope 
and an open perspective when revealing the most challenging elements within the 
collaboration in factory planning with BIM. The execution and the different steps of the data 
collection are shown in the K3 flowchart diagram in Fig. 1 [55], [56]. 
     After the transcription of the interviews, a content analysis according to Mayring [57] was 
conducted. First, the available interview materials (interview transcripts), the situation of  
the material generation (circumstances of the interviews) and formal characteristics of the 
interview information are determined in this type of analysis. Based on these preparations, a 
purposeful and efficient analysis of the content is possible by parsing the relevant interview 
material into units of knowledge gain. Thereafter, these units are analysed with regard to the 
research gap which in this context is the documentation and identification of deficits and 
optimisation potential in the BIM-based factory planning process. As a result of this content 
analysis, the core findings of the expert study were derived and formulated as main obstacles 
of the BIM-based factory planning process (see Section 4).  
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Figure 1:  K3 flowchart of the methodology for the expert study. 

4  RESULTS 
In the following, the findings of the expert study are described which can be clustered into 
three main obstacles occurring in the BIM-based factory planning process or integrated 
factory modelling, respectively (see Tables 1 and 2).  
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Table 1:  Assignment of in-depth expert knowledge regarding the main obstacles. 

In-depth expert knowledge on factory planning with BIM Code 
The level of building technology of today’s factories is constantly rising O1 
A major part of the costs of a new factory is caused by MEP(H) O1 
Slight modifications of planning assumptions can induce significant cost 
increases 

O1 

Part load ratios are often not considered at an early stage of factory planning O1 
The actual need of industrial media (e.g. electrical energy, compressed air, 
cooling fluid) is less than the installed media capacity

O1 

The level of detail of the transmitted information is insufficient or overly 
excessive  

O1, O2 

There is no access to needed information O2 
Data is untimely provided by upstream planning processes O2 
There is no maturity model for factory planning in BIM O2, O3 
There are problems in the transmission of the information regarding 
requirement changes 

O3 

Owners are changing their requirements frequently O3 
There are few qualified BIM-coordinators being able to assess modelling 
results in factory planning  

O3 

Table 2:  Coding of the main obstacles in the BIM-based factory planning process. 

Code Main obstacles in the BIM-based factory planning process

O1 
Inefficient collaboration within the cost-intensive planning interface of MEP(H) 
and production/process

O2 Unaligned level of detail in factory planning

O3 
Lack of transparency regarding the informational relation among the planning 
tasks of different specialties and the associated change effects

4.1.1  Obstacle 1 (O1): Inefficient collaboration within the cost-intensive  
planning interface of MEP(H) and production/process  

A majority of the interviews revealed that especially MEP(H) planning is a very complex 
process in factory planning. Strong interconnections between production processes and 
MEP(H) planning demand a strongly collaborative way of planning between those two 
specialties which is not the case at the moment according to the experts.  
     The level of building technology of today’s factories is constantly rising which is why the 
major part of the costs of a new factory is caused by MEP(H). Errors in planning or slight 
modifications of planning assumptions, for example a change of a few kilowatts of machine 
energy demand, can hence induce a significant cost increase. Such errors, inter alia, occur 
from the lack of contact and communication with the owner. In a typical workflow of factory 
planning in Germany, the MEP(H) planner acquires the information from the general planner, 
project leader or sometimes the production planner. These stakeholders, in turn, intend to 
gather every necessary requirement from the owner; but often not as detailed as required for 
the MEP(H) planners. Due to the high cost sensitivity of MEP(H) planning, however, detailed 
and precise requirements are needed which in many cases are not provided early enough in 
the planning process. For instance, production planners often state requirements regarding 
the temperature of the industrial cooling fluid to a range of 6–8°C as this range may in most 
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cases not largely influence the production process. For MEP(H) planners, however, this range 
still leaves a lot of space for cost-relevant cooling capacity calculations. 
     A certain example of such a need of precise information was mentioned by four different 
experts: Part load ratios are often not considered at an early stage of factory planning. Due to 
static calculations, cooling requirements are reported to MEP(H) planners that are based on, 
for instance, the maximum demand per machine. During ramp-up, however, those demands 
are never reached. This actual need of cooling fluid only retrieves a small proportion of the 
installed cooling capacity. This may not only lead to overinvestment but also to malfunctions 
and long-term damages on the cooling machine as they are often only designed to be operated 
within a certain range of load. The experts hence stressed the inefficient collaboration 
between MEP(H) planning and production or process planning, respectively. The need for 
action becomes especially apparent with regard to the planning of electrical and  
thermal energy. 

4.1.2  Obstacle 2 (O2): Unaligned level of detail in factory planning  
Every planning step of a factory requires the interaction of different planning disciplines. The 
efficiency of these planning steps depends on the accuracy of the transmitted data and 
information. The lack of access to needed information hence imposes challenges in 
collaboration. Every day examples reported by the experts are, for instance, an untimely 
provision of data by upstream planning processes or the insufficient or overly excessive level 
of detail of the given information at a certain process point. An integrated planning of a 
factory can only be performed efficiently if the right information in the right granularity is 
provided to the correct specialty at the right point within the planning process. Otherwise 
modifications, clarifications and errors that are detected too late in the process lead to a delay 
of the whole planning process. At the moment, there is no maturity model for factory 
planning in BIM, especially regarding the integration of the production planning discipline. 
Such a maturity model could specify exactly which level of detail is needed at which point 
of the factory planning process by which other specialty. 
     An unaligned level of detail of information can thus be seen as one major obstacle in the 
cooperation of different planning disciplines within factory planning. In this context,  
the guideline of ISO19650 can be used as a solution basis. For example, ISO suggests using 
generic model elements or generic information as placeholders before more detailed 
information is available [11]. 

4.1.3  Obstacle 3 (O3): Lack of transparency regarding the informational relation among  
the planning tasks of different specialties and the associated change effects 

In the course of a factory planning project, the owner’s requirements are to be fulfilled as 
precisely as possible. Exactly those owner-given requirements, however, are changed 
frequently without being able to assess the consequences of those changes within the 
planning process. The underlying reason is that there is no clear model of the informational 
dependencies of the factory planning process with BIM.  
     In coherence with the above-stated lack of maturity models, the change of requirements 
is another reason for additional expenses and delays caused by extra working steps or the 
repetition of planning processes. This can be attributed to the fact that requirement  
changes not only have single-step effects, but can also extend throughout the entire  
planning process [58]. 
     According to the experts, there are only few proficient BIM coordinators who are able to 
profoundly and efficiently assess those changes of requirements. A great deal of know-how 
is necessary to understand the complexity of factory planning processes and to consider all 
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relationships of the dynamic requirements pertaining to various specialties such as 
architecture, production planners or structural engineers.  
     Following the above, another obstacle is the missing transparency of informational 
relations among the planning tasks of different specialties and the associated lack of 
transparency of change effects propagating throughout the whole factory planning process. 

5  CONCLUSION AND FURTHER RESEARCH 
This paper explained the main obstacles when integrating the specialty of production 
planning into Building Information Modelling. These obstacles are the error-prone and 
complex interface between MEP(H) and production planning, the lack of maturity models 
and the lack of transparency of informational relations (see Table 2). 
     The research achievements described in this paper are regarded to be novel as factory 
planning has scarcely been researched within the framework of Building Information 
Modelling. Despite anticipated efficiency gains, Building Information Modelling has not yet 
been able to prove itself in factory planning projects. Future research activities should hence 
focus on overcoming the obstacles analysed in this paper. 
     For integrating production processes into Building Information Modelling,  
the transparency of information dependencies between production planning and  
associated specialties is of crucial importance. The authors hence propose two overarching 
research steps:  

 The information of production planning should be mapped on its most granular level by 
an ontology-model including all relevant dependencies to other specialties.  

 A logical sequence of planning steps should be defined considering necessary and 
harmonised levels of semantic information and levels of geometry in order to enable an 
efficient verification of semantic rules such as MEP-relevant calculations [13]. 

     In order to accomplish these steps, the authors are eager to follow the structure of 
buildingSMART. Against this background, an Information Delivery Manual (IDM) is to be 
created as a first step [59]. For this purpose, a precise process model is needed that will  
be based on the already developed Aachen module map of factory planning [15]. This process 
model should explain planning activities within production planning and establish a logical 
sequence of those activities. Information exchange requirements form the second step of the 
development process of Information Delivery Manual. The third part is the definition of 
functional parts. In this step, information will be categorised and for each exchange, the 
specific levels of detail will be determined. To enable the integration of the new IDM into 
software, the IDM elements should be translated into the IFC schema or XML as exchange 
protocol. Here, existing research results regarding coarse maturity levels of production 
planning and factory planning from the WZL can be taken as a basis [60]. 
     The need for clearly depicting informational relations and LOD-specific exchange 
requirements is also included in ISO19650 through the specification for information delivery 
planning [11]. However, at this point the question can be raised to what extent data standards 
are the cross-cutting solution or whether in 10 years research and industry will notice that 
construction projects are so heterogeneous that a reasonable standard can hardly be found. In 
this case, ISO19650 is a valuable framework for project organization since it provides generic 
planning and coordination guidelines. The first important step, though, has to be taken for 
factory planning: creating transparency over information dependencies between production 
planning and other specialties. According to ISO19650, this basic information model can 
then serve as a Project’s Information Requirement (PIR) for BIM-based factory planning 
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which can individually be augmented by project-specific information through the “appointed 
party” within the Project Information Model (PIM) and Asset Information model (AIM) [11].  
     One major outcome of the expert study conducted in this paper is the relevance of the 
interface between production planning and MEP(H) planning. Research on pure MEP(H) 
already exists in the BIM domain. Hu et al. define delivery models in the field of operation 
and maintenance to foster BIM implementation in large-scale MEP projects [61]. Leite et al. 
and Wang et al. investigate the influence of different LODs on MEP projects within the 
framework of BIM, from which especially geometry-related LOD implications for factory 
planning can be derived [62], [63]. Such already existing approaches are to be integrated into 
an integrated factory modelling approach which facilitates MEP(H) and production planning 
coordination through BIM-based information management.  
     In Germany, buildingSMART’s efforts with regard to factory planning are still limited 
and tend to refer to BIM in existing buildings. The German MEP group of buildingSMART 
is currently focusing on a manual for technical guidance for beginners and experts including 
the introduction of buildingSMART standards and the development of further IDMs. Again, 
the interface from MEP to architecture is considered rather than to production [64]. 
     Within the expert study, purely static calculations were criticised in particular, as they 
may result in wrong assumptions regarding requirements for transformers or industrial 
cooling systems. Therefore, when creating the process models and the associated information 
maturity models for integrated factory modelling, the highly interdependent calculations of 
production processes and the associated demands for electrical energy, cooling water, heating 
capacity, industrial wastewater and compressed air should be taken into focus. In coherence 
with the lack of qualified BIM coordinators being able to assess an overall factory planning 
process, such rule-based compliance checks supported by specific simulation software could 
be automated between the interface of MEP(H) and production planning and thereby 
contribute to new progresses within the research of Building Information Modelling.  
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