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Abstract: Make-to-Order (MTO) process chain types with a successive installation on-site are common in plant 
building and the construction industry. An off-site fabrication shop and an on-site installation characterize such 
companies. Usually, MTO-components have long lead times, which hinder a Just-in-Time (JIT) production and 
delivery to the construction site. As different from manufacturing, where production/assembly takes place in a 
controlled environment (factory), plant building and construction are exposed to a high number of unpredictable 
events. Traditionally, a weak planning of the execution process on-site can be mentioned. As a result, high and 
uncontrolled levels of Work-in-Progress (WIP) appear being the main causes of long lead times. Moreover, due to 
missed material, installation interruptions occur, which are the main causes for project cost explosions. In the paper, 
we propose an approach, which allows to schedule and monitor a building project in real time. Therefore, problems 
can be identified early on and improvement actions can be taken in time. The approach is based on design guidelines 
from Industry 4.0, like “Interoperability”, “Decentralization” and “Real-Time Capability”. At the end of the paper, we 
give a brief outline of the current software development.  
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1. Introduction 

In Italy, the plant building and construction sector is highly 
fragmented, consisting of many small- and medium sized 
companies. Furthermore, in most projects the participating 
companies are thrown together from new. This results in a 
high coordination effort. As different from the 
manufacturing industry, where production/assembly takes 
place in a controlled environment (the factory), plant 
building and construction projects are exposed to a high 
number of unpredictable events on-site. Usually, a weak 
planning of the execution process and as a result a weak 
progress measurement takes place. This results in high and 
uncontrolled levels of Work-in-Progress (WIP), which are 
the main contributors of long lead times. Interruptions of 
the installation process due to missed material can be 
considered as one of the main causes of construction cost 
explosions. In the paper we will give you first a brief 
overview of the fundamentals of the investigation area. 
Afterwards we will explain to you the approach for an 
effective Project Management. In the last part of the paper, 
we will describe its practical application and the achieved 
results. 

2. State of the Art 

Most of the commercially systems used to support project 
management, like Microsoft Project (2015) or Oracle 
Primavera (2015) are based on the Critical Path Method 

(CPM). James E. Kelley and Morgan Walker developed the 
CPM to manage complex engineering projects in 1957 
(Gordon and Tulip 1997). In CPM, every activity is 
considered as a discrete event.  

At the same time, during the Polaris missile program or 
fleet ballistic missile weapon system, the Program 
Evaluation Review Technique (PERT) was developed. 
PERT is used as a method, which provides advice about 
the likelihood of achieving deadlines and a target end date 
(Kenley and Seppänen 2010). As a result, a major limitation 
of using CPM and PERT in plant building and construction 
is, that these methodologies are not able to recognize rates 
of progress among activities. In the following paragraphs, 
weak points of existing methodologies and software 
solutions for plant building and construction management 
are listed.  

1) The construction progress of a task is not measured with 
quantities but with a rough percentage estimation, which in 
rare cases reflects the reality. As a result, delays are 
identified when a task is going to be completed, and 
intervention options become limited (Dallasega et al. 2015). 
2) They do not consider the physical representation of the 
building or the plant (installation locations), which are 
needed to measure the progress and to control constraints 
for the execution of tasks. 3) Conventional systems do not 
support a collaborative modelling of the execution process 
by involving different construction participants. Therefore, 
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not reliable construction schedules are the consequences. 
4) The planning process has to be done every time starting 
from new, which results in high time expenditures. 
Moreover, most conventional systems do not allow using 
process templates to model a construction process (Matt et 
al. 2014).  

Building Information Modeling (BIM) is one of the main 
research areas of the construction industry focusing on 
how to enrich a building model (3D geometry) with 
information like time, cost, sustainability and so on. Today, 
BIM plays an important role in defining standards for 
interchanging information during the design phase. As 
such, standards as the Level of Development (LOD) 
specifies the content and reliability of models at various 
stages in the design and construction phase (BIM Forum 
2013). Moreover, the so-called BIM-dimensions define the 
scope and type of information needed (BIM Forum 2013). 
As a result, up to now most research in the academic and 
industrial environment focuses on BIM for optimizing the 
design and pre-construction planning phase (Sacks et al. 
2010). Some research tries to connect the design with the 
execution process by providing so-called process-templates 
connected to building objects, enforcing a fast planning and 
configuration process (Sablono 2015).  

The emerging research area “Industry 4.0” or in the US also 
called “Industrial Internet” represents the so-called “fourth 
industrial revolution”, taking place today. It proposes 
mainly an IT-support for integrated manufacturing 
processes. According to Hermann et al. (2015), it consists 
of embedded computers and networks (Cyber-Physical 
Systems (CPS)), which are connected over the Internet of 
Things (IoT) and monitor and control physical processes. 
As a result, steering information can be obtained in real-
time and used in decentralized planning processes. 
Moreover, by using short-term feedback loops within 
decentralized planning functionalities, a self-organization 
and self-control is followed (Dallasega 2016). 

3. Description of the approach 

3.1 Process Planning 

The construction process is defined in collaboration with 
actors from design and execution. The task is the main 
entity of the Process Planning chart (Figure 1).  

Figure 1: Process Planning Chart (Dallasega 2016) 

It defines a detailed working process on-site, which has to 
be performed in a specific construction location. An 
important aspect is “interoperability”, which means that the 
process of every participant (excavation, skeleton 
construction, pipe installation, façade construction,…) 

should be considered during the Process Planning 
workshops. As a result, the focus should be on the 
optimization of the overall construction process and not 
just the individual ones. 

3.2 Pitching 

In plant building and construction, usually job orders are 
common. It means that the production system has to 
process big job orders, where deviations in lead-time and 
costs are common. By using the “Piching” concept, the 
customer demand is broken down in small lots with 
approximately equal size, allowing an optimal capacity 
saturation and minimal non-productive time (Dallasega 
2016).  

In Figure 2, the Pitching concept is visualized. A Pitch 
defines a certain Job Content (e.g. days, weeks), which has 
to be completed by a specific Crew (consisting of a 
minimum number of workforce) in a specific 
Construction Area (e.g. sleeping area) (Dallasega 2016). 
For every task in the Process Planning chart, the 
appropriate amount of “Pitches” has to be determined. 

 

 Figure 2: Pitching concept 

In Figure 2, an example for calculating the amount of 
“Pitches” is shown. The example considers a hotel 
expansion project, where an extension of the initially 
building with 12 sleeping rooms was done. Every room 
consists of a 30 m2 ground area, which is composed of 25 
m2 carpet floor and 5 m2 tiled floor. Considering the task 
“Laying of carpet floor”, one person reaches around 25 
m2/day. As a result, 12 Pitches have to be calculated for 
laying the carpet floor in 12 sleeping rooms. If two crews 
are considered an amount of 6 Pitches results. To increase 
the working efficiency and safety, during a Pitch just the 
responsible trade (flooring expert) should work in a 
construction area (sleeping room). 

The “Pitching” concept is used to schedule and control the 
execution process in real-time. Furthermore, by a frequent 
adaptation of the “Pitches” to the real conditions on-site, 
the erratic assumption of considering a linear relation 
between time and completed construction locations could 
be overcome (Dallasega 2016).  

3.3 Synchronization of the supply chain 

The so-called “Cyclical Planning” approach is used to 
schedule and monitor the installation process on-site 
(Dallasega 2016). As shown in Figure 3, the contract with a 
duration of three should be broken down in three Pitches. 
The scheduling of Pitch 2 is based on the completion of 
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Pitch 1. The same is applied for Pitch 3 and Pitch 2. By 
introducing small planning and control cycles, the demand 
forecast is increased. As a result, the installation process on-
site can be scheduled and monitored in real-time. This is a 
main prerequisite for synchronizing the supply chain to the 
installation on-site. As shown in Figure 3, according to the 
Build-to-Order (BTO) principle, the supply chain is 
triggered as soon as the construction site is ready for 
installation (and not before). The customer process 
(installation) requests the needed material Just-In-Sequence 
(JIS) based on the scheduled Pitches for installation. As a 
result, MTO-components are produced and delivered to 
the site Just-in-Time (JIT), without an intermediate storage.  

 

Figure 3: Synchronization of the Supply Chain 

3.4 Process Templates as “planning configurator” for 

new projects 

It is known that the main challenge within MTO industries 
lies in the effective accomplishment of the managing loop 
related to planning, organizing, executing, controlling and 
adjusting, whether necessary or convenient, the huge 
number of operations that lead to the completion of an 
order (PDCA loop). An optimized planning is certainly a 
key factor to succeed in this critical goal (Braglia et. al. 
2014). Since many years, several authors have stressed the 
importance of modularity (Simon 1973), which “involves 
the subdivision of larger systems into smaller self-sufficient 
components that can be recombined in several ways to 
form new architectures”. It is noteworthy that modularity 
concepts can be applied to planning as well, in that the 
building blocks can be associated to the corresponding 
“planning blocks”. However, many factors exist that make 
this process extremely burdensome (Müller 2007). Firstly, 
it is necessary to pinpoint the necessity of compounding 
numerous and highly constrained activities, in an 
environment with a significant presence of outsourcing and 
subcontracting. Controlling it may result even more 
complex and arduous, since the planned activities are 
extremely differentiated in both the duration and the 
workload and because the milestones when control is 
planned to occur are not easily definable in most cases (Yu-
guang et al. 2011). The above-mentioned critical points 
highlight that planning and controlling tasks represent a 
great project management challenge, and there is a great 
and ever growing need for new methodological approaches 
and the corresponding computer-based tools to enhance 
them. This requires the development of systems 
concentrating on the efficient rationalization of the whole 
processes, starting from the product design phase, toward 
the planning stage. In some cases, MTO firms have 
developed common platforms characterized by 

standardization rules and the extensive reuse of few 
components (Van Vuuren and Halman 2001). The most 
interesting advantages of this approach are “reduced costs, 
shorter development cycles and the ability to maintain a 
broad product range while standardizing and reducing the 
number of different components and configuration 
elements”. 

From these considerations, it is possible to identify and 
define the constituting elements of a novel approach that 
may help reducing the typical drawbacks of the MTO 
PDCA loop. In particular, the model is intended to support 
the human planner throughout the planning and the 
controlling processes, drastically reducing his efforts in the 
process, and to store, maintain and share, within the 
networked organization, the industry-specific knowledge. 
The approach, looking at the available technical 
documents, exploiting both a knowledge- and rules-base, 
and taking into account the existing resources, aims to 
automatically define, sequence, and schedule the activities 
of the whole process (Figure 4).  
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Figure 4. The process templates approach 

All the available technical documents, often derived from a 
CAD application, are gathered to build a simple standard 
element. Then, the planning of such elements is carried out 
in detail, assuring that tasks are small and balanced with 
respect to their duration and workload. This is a 
fundamental aspect in that it allows defining the control 
rules to be later used during the execution phase. 

These models should be detailed enough to include all 
functions or systems that are relevant in the production 
process and in the corresponding planning. Appropriate 
schedules are defined and maintained as models or 
templates for all the available standard elements that may 
be used as building blocks within the process. These are the 
bricks with which all the subsequent schedules are 
assembled. 
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The sequence with which blocks are assembled is defined 
following pre-defined rules and the drawings, granting the 
possibility of modifying the whole assembly process by 
simply modifying a rule. New projects can be derived 
starting from the pre-existing ones. Owing to the fact that 
many elements within a process may be grouped into 
families, it becomes evident that these systems enables the 
capability of making the whole scheduling process almost 
automatic and versatile. 

4. Practical application 

The approaches 1) Process Planning, 2) Pitching and 3) 
Synchronization of the supply chain were initially applied in 
collaboration with the responsible company for façade 
installation at the Expansion Project Hospital of Bolzano 
in North Italy. Frener&Reifer GmbH (F&R) is a medium-
sized company located in the province of Bolzano and acts 
as European leader in the field of engineering and delivery 
of high-class design facades. The initial application showed 
a big potential and therefore the company decided to use 
and test the approach at the construction project SwissRe 
Next in Zurich Switzerland (Swiss Re Next 2016). The 
façade installation on Swiss Re Next started at the end of 
September 2015 and is planned to be finished at the end of 
April 2017.  

Initially, Process Planning workshops were organized in 
collaboration with the Project Manager, the Installation 
Foreman and the Manager of the Technical Office. During 
these meetings, the process was defined according to 
Figure 1. Based on the “Piching” approach, the physical 
building is structured in construction areas. According to 
the levels of the building (from level X1 until level X7) the 
construction areas are identified based on the façade types 
(North, East, West and South). Based on the axis of the 
building, every façade type is further subdivided in so-called 
construction units. More in detail, according to the Process 
Planning chart, the time schedule (Master Schedule for 
façade installation) was developed. 

To synchronize the supply chain to the construction 
progress, the Cyclical Planning approach was applied by 
means of a Microsoft-Excel based prototype. The 
prototype is used to schedule and monitor the installation 
process in a weekly granularity level. The detailed 
scheduling approach is shown in Figure 5. The scheduling 
prototype has a two-fold functionality. Firstly, it is used to 
schedule and control the installation process on-site. 
Secondly, it is used to organize the material request from 
the supply chain. As visualized in Figure 5, starting from 
CW41 until CW44 the installation process on-site is 
scheduled. In other words, every week a forecast of four 
calendar weeks (CWs) is elaborated. The installation 
process is scheduled by matching the available labour 
resources on-site with the tasks and “Pitches”. A practical 
example consists of the task “Installation of frames” 
needed to assemble the glazing modules of the thermal 
insulated facade. According to the “Pitching” approach, 
this task requires to be performed by a Crew of a minimum 
number of four workforces. Moreover, based on the 
“Pitching” approach, a quantity of 11 construction units 
has to be completed in a week (40 hours). As a result, if the 
available labour resources on-site increase, more tasks have 

to be scheduled and more material has to be requested from 
the supply chain. 

 

Figure 5: Application of the Cyclical Planning approach 

The forecast is composed of three CWs needed to organize 
the supply and logistics. The first CW is used to organize 
the transports of F&R. The second CW is used to book the 
deliveries in the transport booking system of the general 
contractor. The third CW is needed, because the material 
should arrive one CW before installation at the 
construction site. Once the material arrives on-site, it is 
distributed within the levels of the building and 
commissioned for installation of the following week. When 
the delivery and installation is completed, it is recorded in 
the Microsoft Excel based prototype. The forecast of the 
following weeks, CW45, CW46, CW47 and CW48 is based 
on the real installation process completed in CW44. 

The 4) Process Templates approach has been tested within an 
Italian Luxury Yachts manufacturer. In particular, a small 
software prototype (NautiCAAP) of the Planning 
Configurator has been realized and implemented to verify 
the capabilities of the proposed method (Braglia et al. 
2014). The complete software application suite is a three-
layer complex structure, where the data deriving from a 
Computer-Aided Design (CAD) and from the 
manufacturer “building rules” database is handled in order 
to define the whole production plan schedule in terms of 
elementary blocks (templates). The project schedule that 
the software builds starting from these inputs is 
subsequently transferred into a CPM scheduler, where 
resource allocation is actually managed and controlled, 
tasks execution tracked and recorded and all the necessary 
resource levelling or plan re-scheduling is carried out. The 
core unit gathers all these data and, by means of the 
predefined rule, sets maintained within the planning 
templates database, assembles the whole plan schedule and 
defines the corresponding resource assignments. It is 
important to pinpoint here that rules are specific to a 
shipyard and must be built coherently. They define 
exhaustively the sequences and the constraints within each 
area and at their interfaces. Owing to this, the application 
is able to build rational plans with a minimal interaction of 
the planners.  

5. Impact of the approach 

The first application of the approach took place at the 
Expansion Project Hospital of Bolzano from 2013 until 
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2015. By spending 1 hour using the approach, a saving of 
6 hours could be reached. Because of an improved project 
management process, a labour saving of 8% compared to 
the initially estimate could be obtained. The application and 
testing of the approach at the project SwissRe Next started 
at September 2015. According to the employees of F&R, 
the approach is very helpful in preventing installation 
interruptions due to missed material on-site. As a result, 
after 8 months (which corresponds to 36% of total lead 
time) the construction project SwissRe Next is ahead of 
schedule and under budget in terms of labour hours spent 
on-site.  

6. Conclusion and outlook 

Considering MTO supply chains in plant building and 
construction, installation interruptions due to missed 
material on-site are one of the major causes of budget 
overruns. The first prototypical application of a scheduling 
and monitoring prototype, which supports Project 
Management in real time showed great potential. 
Therefore, the company F&R has started to implement the 
Microsoft Excel based prototype in its Enterprise Resource 
Planning (ERP) system. Moreover, in collaboration with 
the Faculty of Computer Science of the Free University of 
Bolzano, the development of a first web application 
supporting project management in real time was started.  

In the context of Industry 4.0, the research team at 
Dipartimento di Ingegneria Civile e Industriale (DICI) of 
the University Pisa is currently further developing planning 
and scheduling tools based on coordinated blocks, which 
could be straightforwardly defined by means of the 
Pitching process here proposed. It would be certainly 
useful and profitable to integrate the two approaches and 
to verify their actual potentialities in real situations. 

The future research activities consist in extending the 
approach to be used in a multi-project environment, 
enhancing the capability to plan several orders/projects in 
parallel. Here, major design guidelines would be 
“Decentralized Planning” and “Self-Control” of 
distributed production systems (Matt et al. 2015). As a 
result, a collaborative planning and managing across 
different (in a plant building and construction project) 
involved trades is reached. 
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