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Summary

This research delves into the current cost estimation processes within Emergo, an industrial con-
struction company, aiming to explore the potential integration of Building Information Modeling
(BIM) methods for enhanced accuracy, efficiency, and automation. Through a thorough analysis
of existing processes and the identification of key challenges, the study proposes BIM-based scen-
arios tailored to Emergo’s specific needs, considering its two core branches: PreFab and PreModu.

For PreFab, the study designs two primary BIM scenarios. Firstly, Scenario 1 involves the im-
plementation of BIM tools such as Information Takeoff (ITO) tools to extract information from
BIM models delivered by clients. Secondly, Scenario 2 entails the development of a prototype
parametric roof modeler, enabling the automatic generation of roof elements for integration into
subsequent processes. These scenarios aim to enhance the cost estimation process by improving
accuracy, automation, and process lead time, though their success hinges on the development of
standardised procedures and the quality of BIM models industry-wide.

In contrast, three scenarios are devised for PreModu. The first mirrors PreFab Scenario 1, util-
ising information takeoffs for cost estimations, with potential expansion into fully automated
estimations through library standardisation. The second scenario focuses on automated estima-
tions using Dynamo to integrate databases, allowing for dynamic cost calculations despite design
changes. The third scenario represents Emergo’s desired state, implementing a web-based house
configurator for client-driven designs, leveraging a conceptual kit-of-libraries and cost database
linked via Dynamo. Standardisation is pivotal for PreModu, with library development being a key
condition for enabling automated cost estimations.

Additionally, the research provides roadmaps for implementing these BIM-based scenarios, of-
fering strategic guidance for Emergo’s short-term and long-term objectives. For PreFab, the roof
generator (Scenario 2) is prioritised, followed by ITO (Scenario 1), due to its reliance on external
BIM models. Conversely, PreModu can immediately implement ITOs (Scenario 1) for project-
specific information, with subsequent development options including dynamic cost estimations
(Scenario 2) or the configurator (Scenario 3), depending on priorities and resource allocation.

The roadmaps suggest that despite being in development, PreModu may soon surpass PreFab,
achieving its desired cost estimation state sooner and offering greater value potential. By focus-
ing on standardisation in design, PreModu aims for comprehensive control and standardisation
throughout Emergo’s supply chain.

In summary, this research offers strategic insights into Emergo’s cost estimation process, particu-
larly regarding the "Author cost estimate" BIM application. Future research should translate con-
ceptual scenarios into actionable strategies and contribute to the broader construction industry’s
understanding of integrating BIM methods into cost estimation processes, offering practical re-
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commendations for efficiency, accuracy, and overcoming industry-specific challenges.



Chapter 1

Problem Identification

In this chapter, broader challenges in the construction industry and direct issues in cost estimation
process are examined. The developments of industrial construction and BIM, and their contribu-
tions to the challenges are discusses. Finally, Emergo is introduced as problem owner, where their
challenges are summarised in a problem statement and the research gap.

1.1 Dutch construction industry

1.1.1 Housing shortage

The Netherlands continues to grapple with mounting pressure due to a shortage of residential
properties. In 2022, 90,127 houses have been constructed. Still, The projected housing deficit in
2023 is projected to rise even further, from the current 3.9% to 4.8% (ABF Research, 2023). In
absolute numbers, this shortage (4.8%) corresponds a deficit of 390,000 houses. The prospected
increase of housing shortages this year is primarily attributed to population growth, with an ad-
ditional 225,000 residents, largely stemming from migration issues. Additionally, factors such as
household fragmentation and the trend of elderly individuals living at home for extended periods
contribute to the challenge (ABF Research, 2023).

The forecasts of ABF Research (2023) underscore that the pace of residential construction can
barely keep up with the burgeoning number of households. Consequently, the current housing and
mobility plan falls short in addressing the situation in accordance with these projections. In a letter
to the House of Representatives, De Jonge (2023) (Minister for Housing and Spatial Planning of
the Netherlands) suggests reevaluating the initial building goal. Specifically, the target of con-
structing 900,000 houses by the end of 2030 is proposed to be elevated to 981,000 houses. This
revised goal necessitates the construction of an additional 891,000 houses, spread over the next
eight years.

Besides the increase in figures, De Jonge (2023) also explicitly mentions the imperative nature
of the housing crisis. He emphasises that the housing construction process must unfold seam-
lessly, minimising the interruptions. This goal entails expediting the pace of construction, provid-
ing more effective leadership, and ensuring affordability. Yet, Despite a brief cooling period in
2023, Experts predict that housing prices of The Netherlands will rise even further. The expensive
material and construction costs, tight housing market, and robust population growth, is contribut-
ing to rising prices and increased competition among buyers. In fact, the median request prices
of new homes has raised from €440.000 in 2020 to €550.000 in 2022 (NVM, 2023). On top of
that, external factors such as climate change put pressure on the quality of construction process
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and outputs as well. Besides producing affordable houses in an efficient manner, sustainability has
become a crucial factor, resulting in additional requirements but also in the challenge of making
the current housing stock energy neutral. In essence, the Dutch house-building industry faces a
substantial challenge marked by noticeable pressure, necessitating prompt, efficient and concerted
action.

1.1.2 Fragmentation in the construction industry

The existing state of the construction industry appears to be incongruent with the revised object-
ives set within the house-building sector. The construction industry is characterised by project
overruns, a low productivity, slow technological adaptions and a lack of industrialisation (Hossain
and Nadeem, 2019). A key factor contributing to this landscape is the fragmentation within the
construction industry, which. refers to the circumstance where the multitude of involved construc-
tion entities operate independently. Moreover, the traditional construction approach is known for
it’s "Over the wall syndrome", indicating a sequential manner throughout the project life cycle
(Figure 1) (Nawi et al., 2014). The resulting division of the industry into distinct entities limits the
integration of construction expertise and overall project performance (Mohd Nawi et al., 2014).

-

FIGURE 1: Over the wall syndrome of construction industry (Nawi et al., 2014)

Adriaanse (2014), identifies three forms of fragmentation prevalent in the Architecture, Engineer-
ing, and Construction (AEC), contributing to already described characteristics of the construction
industry, project overruns and low innovation. According to Adriaanse (2014), the three forms of
fragmentation are:

1. Vertical fragmentation: Indicates the clear division of the construction process into phases,
distinct management and execution of tasks across different phases is common. This divi-
sion fosters limited collaboration between phases, such as between the design and construc-
tion phases.

2. Horizontal fragmentation: This form arises due to the specialised nature of different seg-
ments within the construction industry. Given the complexity within the construction in-
dustry, firms tend to specialise in specific tasks, concentrating on optimising these functions.
Each entity develops its unique methodologies, and the integration of knowledge and data
across entities remains restricted
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3. Longitudinal fragmentation: This variant highlights the lack of reusing accumulated exper-
iences, knowledge, and skills from previous projects. The project-based nature of the con-
struction industry leads to constantly changing collaborations, where often unique outputs
are produced. Consequently, projects are managed individually rather than in a collective
manner

1.1.3 Challenges in cost estimations due to the fragmentation

Fragmentation, characterised by isolated components and a sequential approach to operations, im-
pacts the effectiveness of various processes within construction projects, among others, project
design and cost estimations (Riazi et al., 2020). This study’s primary focus is on cost estimations,
as they are identified as a crucial process by the research’s problem owner, offering substantial
potential for improved process outcomes. Cost estimation is a crucial preliminary process step in
any construction project, determining the completion and success of a project (Elfaki et al., 2014).
Nevertheless, even though budgeting is acknowledged as a critical step, the construction industry
faces several obstacles that hinder the efficiency of estimating project costs. These challenges are
primarily rooted in the industry’s fragmentation.

The sequential nature of construction process results in a lack of collaboration among various
parties involved. This over-the-wall-syndrome shown in Figure 1 represents the traditional se-
quential construction approach, which leads to coordination gaps between construction phases,
referred to as vertical fragmentation. When collaboration and coordination are lacking among
construction participants, it adversely impacts the quality of the design process and cost estima-
tions (Nawi et al., 2014). The absence of an holistic view of a construction product can result in
inaccurate cost estimations, originated by the lack of collaboration and coordination between the
separated construction phases.

Inaccurate information sharing is another obstacle in the realm of budgeting and cost estimations.
Horizontal fragmentation brings about a multitude of involved parties, different contracts, and
multiple information exchange points, complicating information integration. This communication
approach can introduce incomplete or inaccurate information for cost estimations, resulting in
missed costs, misunderstandings and discrepancies between expenses and cost estimations are the
results (Al-Ashwal et al., 2011). Moreover, the greater the number of project participants within a
team, the more varied software applications and systems are employed, hindering data exchange
due to interoperability issues(Grilo and Jardim-Goncalves, 2010).

Additionally, the traditional construction industry’s lack of standardised routines and consistent
partnerships across projects contributes to longitudinal fragmentation. This fragmentation type
constrains learning curves, innovation, and process optimisation, including cost estimations (Dave
and Koskela, 2009). Each project’s unique nature and discontinuous project team configurations
hinder the reutilisation of cost information and previous supplier experiences (Dubois and Gadde,
2000). The inputs for cost estimation processes aren’t standardised as they are originated from
multiple involved construction parties. As a result, benchmarking design-related costs against
industry standards or similar projects is limited, impacting the efficiency and reliability of cost
estimations.
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1.2 Industrial construction

1.2.1 Definitions

To potentially standardise construction processes, one promising approach is to industrialise con-
struction processes. Industrialised construction, drawing inspiration from manufacturing, signi-
ficantly reduces on-site activities to create a streamlined process, ultimately enhancing key project
objectives, including cost, quality, time, and safety (Goh and Loosemore, 2017). This construction
approach relies on advanced technologies, lean principles, automation, and standardised method-
ologies (Bjornfot and Stehn, 2004)).

There is a hierarchy within industrial construction, categorised by the extent to which construction
processes are shifted to factory environments. Goh and Loosemore (2017) have proposed four
levels of industrialisation, as outlined in Table 1.1. Level O represents conventional construction
methods where basic materials are manufactured off-site and assembled on-site. Level 1 intro-
duces limited use of prefabricated elements, such as roof trusses or floor slabs. Currently, the ma-
jority of construction projects incorporate a combination of levels 1 and 2. Industrialisation level 2
involves prefabricated elemental or planar components, such as framing systems. Level 3 extends
to include volumetric 3D elements, in addition to planar elements. Finally, level 4 relies entirely
on manufactured building systems procured from a single source and based on multiple modules
or prefabricated elements. In summary, higher levels of industrialisation indicate a greater degree
of reliance on prefabricated components. Specifically, levels 1-2, level 3, and level 4 encompass
a proportion of prefabricated elements of 10-25%, 30-50% and 70%, respectively (Lawson et al.,
2014).

Level Components Description Examples
0 Materials Basic materials for on-site construction Concrete,
bricks
1 Components Manufactured components for on-site con-  Precast concrete slabs,
struction Cladding panels,

Timber roof trusses

2 Planar 2D, linear components for assembly of  Structural steel frames,
structural frames or wall panels Timber framing,
Structurally insulated panels

3 Volumetric 3D, modular components to create major  Prefabricated plant rooms,
parts of buildings, which can be combined  Modular stairs or lifts,
with level 2 components Bathroom pods,

Modules placed on podium level

4 Complete building systems ~ Complete building systems, including fully  Fully modular buildings
finished modules before they are transpor-
ted to the site

TABLE 1.1: Multiple levels of building technologies in the context of industrial construc-
tion

Modular construction stands out as one of the most advanced off-site manufacturing (OSM) tech-
nologies, developing 3D or volumetric units. These units are prefabricated and fully finished
within controlled factory environments before being transported to the construction site for as-
sembly, serving as either complete structures or significant building sections (Lawson et al., 2014).
This approach revolves around the utilisation of project-independent, pre-engineered standardised
modules and interfaces to craft project-specific solutions. In the context of industrialised construc-
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tion, modular construction typically encompasses levels 3 and 4. For instance, the prefabrication
of modularised components like bathrooms, stairs, or roof assemblies aligns with level 3, while
the assembly of modular units such as hotel rooms falls within the purview of level 4 industrial
construction.

1.2.2 Benefits

Industrialised and modular construction hold promise for addressing the housing shortage in The
Netherlands, since the scarcity of both workers and homes drives the potential for modular con-
struction to gain traction (Bertram et al., 2019). Modular construction offers several advantages
over traditional building processes, particularly in project objective outcomes, measured in terms
of cost, quality, time, and sustainability (Ogden et al., 2014).

First of all, as depicted in Figure 2b industrial construction has the potential to accelerate the
process by up to 50%, caused by off-site fabrication and on-site assembly (Bertram et al., 2019).
The reduction of construction times is caused by standardised designs and high production pace
of industrial construction (Ofori-Kuragu and Osei-Kyei, 2021). Also, factory-based production
reduces on-site activities, avoiding potenial hinderances such as weather conditions (Building So-
cieties Association; Goulding et al., 2012). Delays are reduced drastically, for example, KPMG
refered to a case of Portakabin Group, a modular building manufacturer and contractor, achieved
a successful 99.7% completion rate in all projects compared to avereage of the industry of 40%.

Secondly, Figure 2a illustrates that costs could be reduced by as much as 20% (Bertram et al.,
2019). Industrialised construction is aligned with standardised products, opening the door for
economy of scale and manufacturing principles. Also, design costs are reduced, which is per-
formed upfront instead of project-dependent. Offsite and standard solutions are more predictable
(Ofori-Kuragu and Osei-Kyei, 2021), which can lead to fewer defects, rework, and associated
costs (Building Societies Association; Goulding et al., 2012)

Industrial construction methods also tend to enhance social aspects of the industry. Industrialised
construction be more safe, where OSM can reduce safety risks by 35%. Operations experience
improved work conditions as they are performed within a controlled factory, instead of a danger-
ous site environment and site congestion. (Chen et al., 2010). Besides, it reduces nuisances for
local residents drastically, especially in a dense area. (Building Societies Association; Goulding
etal., 2012).

Also, negative environmental impacts are effectively reduced while circularity is increased by
implementing industrial construction methods. Waste is reduced and emissions on-site and in use
are decreased. Recycling or reusing possibilities are increased through the ability to dismantle
modules effectively (Chen et al., 2010; Lawson et al., 2014). (Ogden et al., 2014).
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FIGURE 2: Productivity potentials of modular construction Bertram et al. (2019)

1.2.3 Disadvantages/Barriers

Industrial and modular construction, while offering various advantages, come with their share of
barriers and disadvantages.

First of all, shipping large prefabricated units to the construction site can be expensive, espe-
cially if the site is far from the factory. Specialised transportation is often required, especially for
oversized products. These oversized components can result in delays or additional costs. Trans-
portation is also a limitation for the entire construction process as engineers need to consider the
transportation within their engineering process. For example, an element size could be restricted
by the capacity of the transportation methods a company uses (Navaratnam et al., 2022; Sub-
ramanya et al., 2020).

Additionally, industrial and especially modular construction often relies on standardised designs,
components and processes. Establishing coordination and the transition from one construction
phase to another is key for achieving success in terms of time, quality and costs. Compared to
traditional construction methods, prefabricated components are more complex and these methods
often require more accurate planning and coordination between departments. Accurate planning
and excessive need for coordination are often mentioned as disadvantages for prefabricated con-
struction (Navaratnam et al., 2022; Subramanya et al., 2020).

Furthermore, although costs in terms of expenses are considered as a benefit on the long term,
others argue that it can be a barrier on the short term. Hong et al. (2018) conducted a cost-benefit
analysis to explore cost composition of prefabrication. They examined previous studies, which
consistently identified higher capital costs as an obstacle for prefabricated construction. Factors
influencing the financial performance of prefabricated construction include additional costs for
highly skilled workers, design changes, initial investments in new machinery, fabricate molds, and
factories, as well as logistical processes. While some cost aspects like labor expenses for checking,
counting, and sorting raw materials and the need for components storage space are less frequently
mentioned, they still directly impact the economic viability of prefabrication (Hong et al., 2018).

Finally, Other disadvantages of prefabricated or modular construction that are mentioned in the



1.2. INDUSTRIAL CONSTRUCTION CHAPTER 1. PROBLEM IDENTIFICATION

examined studies are: Modular construction may require a different set of skills compared to tra-
ditional construction, limiting the availability of skilled labor in some regions. Standardisation
within modular construction can limit architectural creativity and the ability to create unique or
highly customised buildings. Also, lingering negative perceptions by the public or experts within
the construction industry have been reported (Navaratnam et al., 2022; Subramanya et al., 2020).

1.2.4 Opportunity for standardisation

Besides the direct benefits industrial and modular construction entails, these approaches provide a
window of opportunity to implement standardisation and optimise the product, process and supply
chain domains (Jiao et al., 2007) within the construction industry (Bertram et al., 2019). Modular
construction uses a combination of standardised elements and interfaces, resulting in a stand-
ardised, yet project specific product. All kinds of construction processes could potentially be
standardised in the transition to Make-To-Order (MTO) or Assembly-To-Order (ATO) principles.
The process domain includes standardisation within the industrial, repetitive manner of produ-
cing modules. By prioritising standardisation, modular construction maximises the potential for
achieving economies of scale, employing industrial methodologies (Salama et al., 2018). At last,
standardisation in supply chain domain should support the other two domains. Within industrial
construction, the supply chain is more fixed, integrating the coordination between departments by
standardising information exchanges.

Through adoption of standardisation in all domains, information can be reused across construction
phases, project parties and projects. As long as standardised information libraries and management
approach are handled, standardisation is able to contribute to the three forms of fragmentation (ver-
tical, horizontal and longitudinal) (Sivard, 2001; Adriaanse, 2014). Standardisation of information
could result in several benefits, such as cost reduction, improved efficiency, enhanced collabora-
tion, less project conflicts, less interface and improved certainty of project outcomes (Alaloul et al.,
2018; Aapaoja and Haapasalo, 2014)

Similarly, cost estimations tasks could benefit from standardisation benefits by adopting modular
and industrial construction approaches, as these approach increases the certainty and predictability
of project outcomes (Ofori-Kuragu et al., 2022; Smith, 2016b). This certainty mainly originates
from the repetitive nature of modular industrial construction. Modules, components and mater-
ials are standardised and can be replicated across projects. This standardisation simplifies the
cost estimation process since these components and their associated costs are well-defined and
consistent across different projects (Constructing Excellence). Accordingly, historical data from
similar modular projects can be stored within the cost libraries to provide insights into cost pat-
terns, making estimations more precise. Modular construction processes generate valuable data
from previous projects, in comparison to traditional unique constructions, where there is a lack of
information in order to estimate project costs (Cheng et al., 2010).

1.2.5 Future developments, towards industry 4.0

Modular construction is often seen as an unconventional choice in many countries, where the ad-
vantages are not considered as a straightforward proposition (Bertram et al., 2019). These advant-
ages are namely dependent on a company’s ability to align their industrial and modular methods
with the complexities of the construction process, from design to assembly. However, indications
are increasingly strong that a widespread transformation is underway, especially by the industry’s
embrace of of digital technologies (Bertram et al., 2019).
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Industrialising and digitising the construction industry is in line with the appearance of industry 4.0
(IR 4.0), the fourth industrial revolution. Industry 4.0 is characterised by integration of digital tech-
nologies into manufacturing and industrial processes (Alaloul et al., 2018). Digital technologies
catalyses the construction industry towards their own version of the fourth industrial revolution as
it foster design versatility and capabilities, enhance precision and productivity in manufacturing,
and facilitate streamlined logistics. These digital technologies includes among others AutoCAD,
BIM, ERP, cloud solutions, analytics, drones, and hand-held tech and Linked Data (Maskuriy
etal., 2019). In construction industries, BIM has been developed as a central storehouse of digital
information, ensuring data continuity across the supply chain. Consequently, BIM plays a pivotal
role in advancing the digital transformation and is integrated at the core of projects embracing
Industry 4.0 within the construction sector (Maskuriy et al., 2019; Alaloul et al., 2018; Bilal et al.,
2015). Therefore, this research also centers around BIM as a fundamental concept, with a specific
focus on its application within the study’s context.

1.3 BIM

Building Information Modeling (BIM) entails a systematic approach to information management
across all phases of a building’s lifecycle. Its primary objective is to streamline project work-
flows and execution by promoting collaboration and integration. Unlike 3D CAD technology,
which is limited to graphical representations without embedded data, BIM technology facilitates
the creation of intelligent digital models containing comprehensive building elements and systems,
alongside contextual information such as physical attributes (Lu and Korman, 2010). While BIM
often involves 3D object-oriented models, its core emphasis lies in effective information manage-
ment, ensuring seamless coordination of information throughout every stage of the project and the
building’s lifecycle (Bew and Underwood, 2010).

The adoption of BIM aligns with the construction industry’s objectives, particularly in the con-
text of industrial and modular construction (Goulding et al., 2012). Industrial and modular con-
struction methods enhance project delivery speed and quality, while BIM facilitates scaling and
modeling efficiency. BIM models contain extensive information about building components, cru-
cial for streamlining modular construction processes and integrating with other information sys-
tems (Ezcan et al., 2013). Consequently, the synergy between BIM and modular construction
can enhance information coordination, effectively mitigating horizontal, vertical, and longitudinal
fragmentation.

To unlock the full potential of BIM, there are crucial steps that Emergo, the problem owner of this
research, must take. Emergo’s representatives highlighted the utilisation of BIM in their processes
but expressed a desire for more effective application of linked data. Based on an position paper!
that reveals the priorities of Emergo, their interest lies in harnessing specific BIM applications.
Among others, Emergo wants to focus on Author Cost Estimate, which employs BIM for auto-
matic cost estimations based on standardised cost libraries, objects, and processes. Additionally,
the concept of Linking and Extending within BIM holds potential for Emergo’s cost estimation
process, focusing on establishing linkages between supply chain databases and the ERP (Enter-
prise Resource Planning) system. Besides the cost estimations, these uses simultaneously affect
other construction processes of Emergo. Standardising data within object libraries and link data-
bases to each other opens the door for applications that ensure increased efficiency all over the
supply chain, such as parametric modelling or automatic construction planning. Consequently,

LBIM uses in Modular Construction and at Emergo (working paper) (Ketabi, 2023)
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the problem owner seems important benefits in using BIM and connecting databases, with cost
estimation processes as their priority.

1.3.1 Potential of BIM for cost estimations

Author Cost Estimate is thus considered as a priority BIM application by Emergo, holding poten-
tial to enhance cost estimation efficiency by leveraging life-cycle project data. Contractors and
engineers recognise BIM’s capacity to improve budgeting and cost estimating capabilities (Gould-
ing et al., 2012), which can be achieved through various manners. Important Cost estimation
related BIM uses that follow from literature are:

Information/ Quantity TakeOffs (ITO/QTO)

Information- or Quantity Take Offs (ITO/QTO’s) are fundamental to construction processes and
estimations, involving the measurement and quantification of building elements to estimate costs,
workloads, and organise workflows. Traditionally, quantifying elements relied on manual tasks
based on manual measurements of 2D schematics, which are prone to errors and time-consuming
(Valinejadshoubi et al., 2024; Olsen and Taylor, 2017; Monteiro and Pogas Martins, 2013).

BIM has revolutionised data management and decision-making in the construction industry, with
BIM-based QTOs emerging as a prominent feature (Hartmann et al., 2012; Monteiro and Pocas Mar-
tins, 2013). BIM models, enriched with data and attributes, allow users to extract semantic and
geometric information for analysis and calculations. BIM-based QTOs are lauded for their simpli-
city, automation potential, and ability to enhance cost estimation accuracy (Nadeem et al., 2015;
Sattineni and Bradford, 2011). While various software tools, such as Autodesk Revit, Vico, Bent-
ley, and others, facilitate BIM-based QTO and estimates, the quality of BIM models remains
crucial for accurate QTOs (Valinejadshoubi et al., 2024; Monteiro and Pocas Martins, 2013; Olsen
and Taylor, 2017).

BIM-based estimation software

Furthermore, several BIM-based cost estimation software tools have been developed to automate
the process of ITO’s, such as Innovaya Visual Estimating, Winest Design Estimation prov, Tokmo
production system, Timberline extended, Succes Design Exchange and Vico Office (Lee et al.,
2014). These tools are able to conduct an ITO and automatically connect it to cost data. For
example, Staub-French et al. (2003) propose an innovative cost estimation system leveraging In-
dustry Foundation Classes (IFC) data, automating cost estimation by directly utilising information
from IFC files and applying appropriate pricing based on component geometries and properties
(Staub-French et al., 2003).

Consequently, these automatic cost estimations can also be expanded in the range of the cost
estimations. Fu et al. (2004) develop a system tailored for life-cycle cost assessment, extracting
data from IFC files during the design phase and seamlessly integrating it into the life-cycle cost
assessment process. This approach enhances accuracy and efficiency, eliminating manual data
entries and allowing direct consideration of design changes’ cost effects (Fu et al., 2004).

Another approach to achieving automatic cost estimations involves using BIM for parametric cost
estimation models. These models utilise a range of geometric and non-geometric parameters from
the BIM model to estimate the costs. The model employs formulas that relate to these extracted
parameters from the BIM model. Parametric models can be particularly efficient for modular con-
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struction, where elements are often repeated (Yang et al., 2022). However, it’s important to note
that this method relies on estimations rather than exact cost calculations.

Integrated cost estimations (5D BIM)

The intersection of BIM and automated cost estimation, particularly the integration of the fifth
dimension (5D), is a topic of growing interest, driven by the desire to enhance the accuracy and
speed of project expense predictions (Parsamehr et al., 2023; Hasan and Rasheed, 2019). 5D-BIM
adds cost as a dimension alongside traditional 3D modeling and time (4D). Achieving a fully in-
tegrated BIM environment with 5D BIM is considered Level 3 BIM. Despite the potential benefits,
challenges exist, such as underutilisation of software tools, implementation costs, and data sharing
difficulties (Parsamehr et al., 2023).

Standardisation plays a crucial role in facilitating the flow between different dimensions and auto-
mating cost estimations. Mukkavaara et al. (2016) emphasise the importance of standardised
building components and associated attributes, stating that "Automation begins with standardisa-
tion." However, achieving integrated 5D cost estimations requires significant investment in new
data structures, cloud utilisation for cost and object data, and implementation costs (Mukkavaara
et al., 2016; Matejka et al., 2018).

Quality checks of BIM models

In addition to automatising cost estimations, BIM can enhance accuracy within the cost estima-
tion process by facilitating clash detection. BIM models integrate various building systems and
components into a cohesive model, enabling dynamic examination of how these elements interact
in three-dimensional space. This allows for early detection of clashes or conflicts between dif-
ferent building systems, such as HVAC, plumbing, and structural elements. Early clash detection
enables project teams to proactively address issues, preventing costly rework and delays. A clash-
free design not only ensures smoother project execution but also contributes to more accurate cost
estimates by minimising unexpected modifications and change orders. Thus, 3D visualization and
clash detection powered by BIM foster precision and efficiency in the estimation process (Savitri
et al., 2020).

Standardised data libraries

Lastly, BIM can be utilised to standardised information libraries, especially in modular and indus-
trial construction, which revolves around standardisation. BIM supports this data standardisation
by assisting in the establishment of fixed component and cost libraries, enabling automatic gen-
eration and modification of cost estimations. The repeatability inherent in modular construction
enhances the reliability and efficiency of cost estimations over time (Smith, 2016a).

1.3.2 Standards and developments of BIM

Several factors influence the standardisation within BIM applications, affecting BIM-based cost
estimations. Firstly, the use of open standard classes (IFC) for information exchanges between
software data losses during conversion (Valinejadshoubi et al., 2024). Secondly, the LOD ? in
Building Information Models (BIM) depends on the designer, with LOD ranging from generic
representations (LOD 100) to detailed as-built objects (LOD 500) (Olsen and Taylor, 2017; Mon-
teiro and Pogas Martins, 2013). Each category of LOD is shown in Figure 3. Additionally, BIM
modeling is a manual task, which can introduce errors and affect the quality of BIM models.

2Level of Development (LOD), originally founded by AIA and adopted by BIMForum
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FIGURE 3: Level of development, derived from American Institute of Architect (AIA)

The latest standard, ISO 19650-1:20183, enhances LOD into Level of Information Needs (LOIN).
LOIN defines the specific information requirements of project parties at different phases of the
construction process. It complements LOD by focusing on the information needs of project parties,
ensuring alignment with professional requirements (ukbimframework, 2020). LOIN encompasses
four facets: Purpose, Content, Form, and Format. Parties specify their information needs using this
framework, detailing the purpose, geometrical and alphanumerical information required, and the
format of documents (ukbimframework, 2020). LOIN is crucial for defining the exact information
needed for cost estimations.

1.4 Emergo as problem owner

Taking center stage in this research is Emergo, functioning both as the case study and the problem
owner. Emergo is an industrial construction company with expertise’s in prefabricated construc-
tion components and modular houses.

1.4.1 Emergo’s concepts

Emergo’s core business is located in manufacturing custom Engineer-to-Order (ETO) prefabric-
ated elements such as walls, facades, and roofs. These, elements are specifically designed and
engineered according to the unique requirements and specifications of a particular project. Sub-
sequently, the elements are prefabricated within their factory and brought to the construction site
as one planar element, aligned with level 2 of industrial construction, shown in Table 1.1. Col-
lectively, this product lines is commonly referred to as PreFab products within Emergo. PreFab
elements are mainly considered as planar 2D components, .

Emergo has ventured into the modular housing realm with their innovative modular housebuild-
ing system, PreModu, positioned between levels 3 and 4 of Table 1.1, addressing a high level
of industrialisation within the construction industry. This transition marks a shift from Engineer-
to-Order (ETO) strategies to an Assemble-to-Order (ATO) or Make-to-Order (MTO) approach,
streamlining design and engineering processes by standardising engineering components within
the PreModu concept. This proactive embrace of modular construction signifies Emergo’s com-
mitment to standardisation, repetition, and efficiency, diverging from traditional methods. Central
to this evolution is the PreModu concept, which replaces conventional design, engineering, work
planning, and construction approaches with standardised designs and processes, establishing a
production line designed for repetition and reuse. This approach minimises the need to start each

31SO 19650-1 2018
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project from scratch, enabling immediate configuration of solutions based on standard design op-
tions. Emergo aims to further standardise processes in the future, supported by comprehensive
information libraries encompassing design-related and semantic data, facilitating tasks such as
structural calculations, schedules, and purchase statements

1.4.2 Challenges of Emergo

Emergo’s emphasis on standardisation and industrialised construction opens doors for improved
information management systems that could enhance efficiency in project processes and cost es-
timations. Subsequently, the modular and industrial vision offers a promising future characterised
by efficiency, speed, cost-effectiveness, and productivity, possibly contributing to the overarching
challenges within the construction industry.

Nevertheless, there are challenges within Emergo to achieve efficient cost estimations within
PreFab as well as in PreModu processes. While interconnected, these processes have distinct
characteristics. The challenges associated with the PreFab process are elaborated first, followed
by an exploration of the issues related to cost estimation processes within the PreModu framework.

PreFab components lack standardisation since the elements are engineered according to vari-
able and unique project demands. Each project includes specific requirements by unique housing
designs. This variance between projects hinders the ability reusing solutions and designs. Hence,
the traditional fragmented nature of the industry is clearly visible in Emergo’s PreFab product line.
For instance, each party involved in preFab projects adopts individual work methods, systems, and
software. These interoperability challenges contribute to inconsistency in designs and thus in the
inputs for cost estimation processes. Also, each project consists of variable project parties, where
each different client uses their own methods and systems. Therefore, due to the unique character
of PreFab projects, the lack of standardisation hampers the development of an information system
capable of reusing data, forcing Emergo to manually link project designs and cost estimation soft-
ware for PreFab processes.

On the other hand, the concept of PreModu has the formula that has the potential to adopt stand-
ardisation of the three domains: Product, process and supply chain. In this case, standardisation
originates by introducing uniform building components, limited design variations and standard
production routines. Product, process and supply chain standardisation could potentiality reorgan-
ise fragmented data. However, the absence of complete design standardisation and uniform in-
formation management approaches within the PreModu framework hinders further solutions that
contribute to the data fragmentation. The disability to unlock the full potential of the concept are
mainly caused by utilising various disconnected data storage systems. Similar to PreFab, the link
between cost estimation software and 3D BIM models remains incomplete, necessitating manual
efforts to connect building elements with the cost library. Furthermore, achieving an uniform data
structure across the PreModu process has proven to be challenging for Emergo. Not all informa-
tion is standardised, where data is also scattered between multiple systems, libraries and databases,
resulting in inefficient information management or inconsistencies. Additionally, the level of de-
tail in the model is at the object level, resulting in some manual interventions to incorporate each
single component into cost estimation processes. For example, mountings of objects are not mod-
elled but are manually added in cost estimation processes by employees of Emergo.

Both processes (PreFab and PreModu) are linked in Emergo’s quest to enhance the connection

between project models and cost estimation software. BIM, serving as a central storehouse of
information within various construction phases, offers the potential to integrate and manage data
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seamlessly across different systems and project stages. BIM’s capabilities, such as authoring
cost estimations through standardised information libraries, facilitate the integration of diverse
systems. Emergo is actively examine multiple ways and manners in which BIM can drive effi-
ciencies throughout the industrial construction phases. They have identified several specific BIM
applications to focus on, but the challenge lies in determining how to effectively implement these
applications within their operational methods. In light of these challenges, the following problem
statement has been established, tailored to Emergo’s specific context:

Problem Statement

Emergo seeks to optimise construction processes through modular and industrial construc-
tion approaches. Yet, the cost estimation processes are considered inefficient, where chal-
lenges arise from the disconnect between (3D BIM) models and cost estimation software,
as well as lack of complete and standardised data libraries, resulting in unnecessary manual
labor. Emergo questions which cost estimation related BIM applications suits the the com-
pany in the future and how these applications can be implemented step-by-step.

1.5 Research Gap

This study focuses on the intersection of modular and industrial construction with BIM to op-
timise cost estimation processes. Despite the construction industry’s growing interest in modular
and industrial methods to boost productivity, there remains a notable gap in understanding how to
seamlessly integrate these approaches with advanced technologies (Kordestani Ghalenoei et al.,
2022). Currently, there’s limited in-depth research on the practical implementation of BIM solu-
tions within the industrial and modular construction sector. While there are numerous potential
solutions and applications categorised as BIM, their precise implementation, impact, feasibility,
and future direction remain uncertain. This lack of implementation knowledge poses challenges
for modular and industrial construction firms like Emergo in achieving standardisation across the
product, process and supply chain domain. Variations within these domains leads to process inef-
ficiencies, particularly in cost estimation.

This research addresses this critical research gap by investigating how the incorporation of BIM
can optimise cost estimation processes within Emergo’s Prefab and Premodu frameworks. The
aim is to provide valuable insights and practical strategies for streamlining and taking decisions
about cost estimation practices within the context of modular construction, harnessing the potential
of BIM. This examination aligns with broader industry objectives of improving data integration,
enhancing interoperability among various systems and disciplines, standardising inputs through
3D/BIM models for cost estimation processes, leveraging SD-BIM for cost control, and fostering
enhanced collaboration and communication within the construction sector.

Considering the challenges identified at Emergo, which are addressed in this study, the follow-
ing statement emerges:
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Research Gap

In the modular and industrial construction sector, there is a lack of effectively aligning and
implementing the right BIM solution, which has resulted in non-standardised and ineffi-
cient cost estimations. This study aims to address this gap by investigating which combin-
ation of BIM solutions can be most valuable to cost estimations in industrial and modular
construction, under what conditions they can function effectively, and how they can be
gradually introduced to industrial and modular construction. There is a need for better in-
sight in potential BIM solutions and the needed guidance for decision making about the
(stepwise) implementation of these BIM solutions.
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Chapter 2

Research Design

2.1 Research Goal

This research aims to enhance operational efficiency and synergy within Emergo’s project work-
flows through the adoption of BIM. This enhancement necessitates leveraging or developing BIM
models specifically for cost estimation purposes, benefiting both Prefabricated processes and the
innovative PreModu concept. By harnessing the capabilities of BIM, Emergo stands to achieve
heightened efficiency across their cost estimation and related processes. However, it is imperative
to determine the precise utility of BIM, identify necessary developments or conditions, and exam-
ine how it can enhance both cost estimation processes.

As discussed, BIM encompasses a broad spectrum of applications, with each specific implement-
ation referred to as a BIM use. Examples include 5D BIM or Information Takeoffs (ITO), as well
as the development of a complete component library. These BIM uses often interact synergistic-
ally, with advancements in one area complementing another. A combination of multiple BIM uses
within a specific context constitutes a BIM scenario. It is pivotal to examine which potential BIM
scenarios, comprising various combinations of BIM uses, are applicable for PreFab and PreModu.
Furthermore, this research aims to reveal the underlying benefits and barriers associated with each
scenario. The goal is not only to outline how a scenario operates but also to delineate the bene-
fits and conditions of full deployment. This understanding will equip Emergo with insights into
how each scenario functions and, more importantly, the benefits and conditions associated with its
comprehensive implementation.

Subsequently, This research aims to develop a roadmap outlining a sequence of potential BIM
scenarios over time, providing Emergo with a visual representation of strategies for BIM im-
plementation. The roadmap encompasses steps, decisions, conditions, and benefits associated
with each scenario, allowing for an assessment of their impact on Emergo’s current operations.
By highlighting pathways for improvement and identifying associated benefits and barriers, the
roadmap serves as a guide for Emergo to achieve their desired objectives. It enables informed
decision-making and strategic actions to enhance the efficiency, accuracy, and quality of their cost
estimation processes in both the short and long term. Through an exploration of how BIM scen-
arios operate, the research seeks to empower Emergo with actionable insights to optimize their
project outcomes.

The following research objective has been established according to the structure of Wieringa
(2014):
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Research Goal

* Enhance strategic decision-making capabilities for Emergo’s business developers

* By crafting a roadmap detailing potential BIM-based solutions, their associated
value, and requisite conditions

* That guides Emergo towards an optimised cost estimation process, including stand-
ardised and integrated data

* In order to facilitate Emergo in their mission to efficiently produce high-quality, af-
fordable housing

2.2 Research Questions

The research goal is broken down into sub-questions, logically structured to achieve the final
research outcome. Four overarching questions (1,2,3, and 4) guide this investigation, each com-
prising a series of sub-questions. Initially, the study thoroughly examines Emergo’s design and
cost estimation processes, aiming to uncover the underlying challenges. By comparing the Pre-
Fab and PreModu processes, the first main question establishes the current state of Emergo’s cost
estimation procedures. Subsequently, the focus shifts to future prospects, outlining the necessary
requirements and scenarios for streamlining and improving cost estimation processes. Specific
BIM-based scenarios are then explored to enhance these workflows, with each scenarios workings,
conditions, and values analysed. Conditions represent the prerequisites for successful scenario im-
plementation, while values denote the direct and indirect benefits each scenario offers in the short
and long term. Finally, based on the established scenarios, a roadmap is developed, outlining the
sequential steps Emergo can take to refine their cost estimation processes for both PreFab and
PreModu. Through evaluation and assessment, this roadmap guides Emergo towards optimised
cost estimation practices.

1. What are Emergo’s current cost estimation processes and challenges for PreFab and
PreModu?

(a) How do the current calculation processes for Emergo’s PreModu and PreFab projects
operate, including the sequence of activities, input sources, needs and desired output?

(b) What are the primary challenges, bottlenecks, and areas of improvement within the
calculation processes of both PreModu and Prefab projects?

(c) What are the key differences and similarities between the calculation processes of
PreModu and PreFab projects?

2. What are the needs and treatment requirements of potential scenarios for both cost
estimation processes?

(a) What are the anticipated requirements and expectations for the desired calculation
processes of PreModu and PreFab projects?

(b) How can the data generated within the calculation processes be effectively utilised in
other phases of the project life-cycle, contributing to an overall improved efficiency
and decision-making?

3. Which BIM-based scenario’s can be used and adapted to achieve desired require-
ments?
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(a) Which BIM uses can be be harnessed to address the challenges and improve the effi-
ciency of the calculation processes within both Premodu and Prefab projects?

(b) What are the necessary conditions and challenges to facilitate BIM and which value
come with the successful implementation of these solutions?

(c) To what extent do the proposed scenarios align with the identified design requirements
and effectively mitigate challenges in cost estimation processes for both PreModu and
PreFab projects?

4. What are useful criteria for assessing the BIM scenarios and how are these translated
to a roadmap for Emergo?

(a) How can the scenarios be assessed to evaluate the feasibility, benefits, and potential
challenges of the derived scenarios in the context of PreModu and PreFab projects?

(b) How can a strategic roadmap be designed to guide Emergo in the successful imple-
mentation of BIM solutions to enhance the efficiency and integration of the calculation
processes for both PreModu and PreFab projects?

2.3 Research Strategy

Given the research questions, this study adopts a design research approach to seek innovative
solutions through creative thinking and practical experimentation, aligning with the methodology
outlined by Wieringa (2014). This approach is chosen for its efficacy in achieving tangible out-
comes with the potential to drive positive changes across various domains. The primary objective
is to enhance Emergo’s operational efficiency by crafting BIM-based scenarios that strengthen the
connection between design data and cost estimation processes. In addition to scenario design, a
strategic roadmap is developed to evaluate and sequence the derived scenarios effectively.

The design cycle proposed by Wieringa (2014) serves as the framework for this design research,
comprising problem investigation, treatment design, treatment implementation and treatment val-
idation stages, as depicted in Figure 4. In this study, the treatments correspond to the roadmap
and the integrated BIM-based scenarios tailored for Emergo’s cost estimation processes. While
scenario design falls within the scope of this study, implementation is deferred due to its extended
timeline. Instead, a proof of concept is developed to simulate the implementation phase and val-
idate the effectiveness of the proposed solutions.

A design approach is thus adopted within this study, following the design cycle of Wieringa (2014).
In fact, the design cycle is applied twice in two separate phases of this research. Namely, once
for the design of the BIM-based scenarios that enhance the efficiency of cost estimation processes
(Phase 1), and once for the design of the roadmap (Phase 2). Figure 5 shows an overview of the
organisational structure of this study
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FIGURE 4: Design Cycle (Wieringa, 2014)

2.4 Research Approach

Figure 5 reveals the organisation of this study, where the research is divided into two phases.
The scheme reveals the research strategies that are selected for answering each research question.
Each phase is further divided into multiple stages, according to the phases of Wieringa (2014)
(problem investigation, treatment design and treatment validation). In the following subsections,
an elaboration per data collection method is provided.

2.4.1 Strategy for question 1

Question 1 delves into the problem investigation phase, offering an in-depth analysis of current
processes and challenges faced by stakeholders. This investigation employs a multi-faceted ap-
proach utilising document analysis, observations, and interviews as primary data collection meth-
ods. These strategies collectively provide a comprehensive understanding of Emergo’s cost estim-
ation processes, offering insights from various angles.

Document Analysis

The documant analysis involves systematically reviewing relevant documentation, including flow-
charts, process descriptions, project records, and historical documents. Additionally, specific at-
tention is given to cost estimation documents and applications to discern the underlying structures
of these processes.

Observations/ hands-on experience

in collaboration with with PreFab and PreModu cost estimators, prior projects of Emergo are re-
calculated step-by-step. This hands-on approach fosters an immersive understanding of Emergo’s
cost estimation practices. Researchers actively participate in the cost estimation departments, wit-
nessing real-time operations. This method unveils practical challenges and bottlenecks as they
occur during daily operations. Researchers can observe practices that may not be evident through
documents alone, gaining insights into how decisions are made, data is collected, and calculations
are performed, providing valuable insights where interventions are required.
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Interviews

Scheduled interviews with key stakeholders, including the head of the PreFab cost estimation de-
partment and cost estimators for both PreFab and PreModu, provided invaluable insights. These
interviews delved into the challenges and nuances encountered by individuals during cost estim-
ation, covering topics such as daily activities, client coordination, and current threats to accuracy
and efficiency.

Moreover, interviews were extended to stakeholders that interacted with cost estimation processes,
including a development engineer for PreFab, a concept manager of PreModu and application
managers. These interviews gained insights into broader process workflows and software util-
isation. Through these engagements, a comprehensive understanding of Emergo’s operational
landscape was gained and any disparities between documented procedures and actual practices,
enhancing the exploration of cost estimation dynamics.

2.4.2 Strategy question 2

The second main question sets up the requirements for the design of the scenarios, contributing
to the treatment design phase. Later on, the derived requirements form a manner to validate the
design. Therefore, this question also contributes to the treatment validation phase in an indirect
manner. Interviews are utilised for identifying and understanding the stakeholder needs, which are
converted to treatment requirements, according to the methodology of Wieringa (2014).

Interviews

Interviews were conducted with key stakeholders, including the head of the PreFab cost estimation
department and cost estimators for both PreFab and PreModu, to gain firsthand insights into their
perspectives and needs. Through open-ended discussions and targeted questions, stakeholders
were encouraged to articulate their vision for the future of cost estimation processes. Areas for po-
tential improvement were explored, alongside identifying which changes would have the greatest
impact. Additionally, stakeholders from other departments, such as development engineers for
PreFab, concept managers for PreModu, and application managers, provided valuable insights
into how data generated during these processes could enhance project efficiency and decision-
making. Overall, the interviews unveiled desired enhancements for PreFab and PreModu, as well
as additional preferences for standardised procedures.

2.4.3 Strategy question 3(a) & (b)

The strategy for addressing questions 3(a) and (b) involves designing scenarios, which contributes
to the treatment design phase. Designing scenarios is a creative endeavor, supported by liter-
ature analysis, expert interviews/workshops, and focus groups. Initially, potential scenarios are
identified based on a literature review of relevant BIM uses. These scenarios are then refined and
validated through consultations with a BIM expert and further development guided by literature,
tutorials, and workshops. Subsequently, the scenarios are tested and refined in collaboration with
stakeholders during focus groups. This combination of literature review and workshops enables
researchers to design scenarios while considering the practical aspects and implications of BIM
implementation within the unique context of Emergo’s projects.
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Literature/ Desk research

A thorough literature review serves as a foundational element in examining and understanding po-
tential BIM uses, supplemented by insights from the "BIM uses in modular construction” paper.
The search terms for the literature are shown in Appendix B. During the design phase, literature
providds insights into global best practices, latest developments, and case studies related to specific
BIM uses, utilised as input for the design of scenarios. Additionally, literature offers a compre-
hensive view of background conditions and potential side effects associated with implementing
BIM solutions in cost estimation, aiding researchers in anticipating challenges and opportunities.

Expert interview/ workshops

Expert interviews and workshops played a crucial role in scenario design, with sessions arranged
with a BIM expert to discuss and evaluate projected scenarios. On top of that, online tutorials and
workshops are followed to gain skills in BIM software, such as Solibri, Revit and Dynamo. Input
from BIM experts, along with online tutorials on BIM-based software, provides valuable guidance
on how potential scenarios can be implemented in cost estimation processes for both PreModu and
PreFab projects.

Focus groups

Finally, focus groups involving Emergo employees test and refine the designed scenarios, ensuring
alignment with the context of cost estimations within the organisation. Adjustments are made
based on the expertise of these employees, finalising the outline of the scenarios.

2.4.4 Strategy question 3(c)

Strategy question 3(c) focuses on validating the different scenarios, thereby falling under the
treatment validation phase. The scenarios need validation to ensure they meet the expectations
of stakeholders, which involves a combination of requirements checks as verification, and focus
groups as validation to assess the scenarios from multiple perspectives.

Requirements check

The requirements check involves a systematic review and assessment of the design requirements
against the designed scenarios. The stakeholders that were involved were asked if all treatment
requirements were covered, enabling a direct comparison, identifying any gaps or deviations
between the designed solutions and the specified requirements. Meeting the requirements veri-
fies the scenarios, indicating that the scenarios are on track to effectively address challenges in
cost estimation processes.

Focus groups

In focus groups, a qualitative approach is taken to validate scenarios through open discussions
and conversations. These sessions involve practical demonstrations of the scenarios based on the
designed proof of concept, allowing participants to observe their functionality. Participants are
encouraged to share insights, concerns, and suggestions, enabling a thorough exploration of how
effectively the scenarios address challenges in cost estimation processes. Additionally, identi-
fied conditions to facilitate the scenarios’ functionality and the resulting values they offer were
discussed. Thus, the scenarios are promptly evaluated during the sessions, allowing for the identi-
fication of additional conditions, risks, or challenges that need to be addressed.
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2.4.5 Strategy question 4

Question 4 is conducted in phase 2 of the research, following a similar design approach but on a
smaller scale. 4a involves problem investigation, examining frameworks of roadmaps and trans-
lating stakeholder needs into treatment requirements. Subsequently, question 4b encompasses the
design and validation of the roadmap, finalizing the treatment design and treatment validation
phases. The roadmap is designed and evaluated to ensure it satisfies the defined requirements.

Interviews

Initially, the key stakeholder, the business developer of Emergo, was interviewed to streamline
the expectations of this research. This interview, conducted at the start of the research, aimed
to discuss Emergo’s desires. The roadmap was identified as the final treatment to be designed,
combining the scenarios. Questions regarding the information to be incorporated in this roadmap
helped define the treatment requirements.

Literature

A literature review was conducted to understand roadmapping, its value, and the key components
that should be included in Emergo’s strategic roadmap. This review ensured that the treatment
design was informed by existing knowledge and best practices. The key components of the selec-
ted roadmap framework identified in the literature were captured as treatment requirements.

Focus groups

Initially, a roadmap template was designed based on the framework found in literature and the
derived treatment requirements. Subsequently, the evaluated scenarios were assessed against the
characteristics of the roadmap during focus groups that also validated the scenarios. Using the
outputs of these focus groups, the scenarios were initially placed in the timeline of the designed
roadmap template. In another meeting with the business developer, the initial design was col-
laboratively refined into a final design. During this session, the preferred order of scenarios and
projected implementation dates were determined, validating the designed roadmaps.

Requirements check

Finally, the designed roadmaps were checked against the requirements by multiple stakeholders
to verify their design for both PreModu and PreFab. Respondents were asked if the design of both
roadmaps corresponded to the established treatment requirements.
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Chapter 3

Process Identification

Both Prefab and PreModu cost estimation processes have been examined in order to reveal high-
light the current problems within both cost estimation processes. This chapter thus contributes to
the problem investigation phase of the design cycle of Wieringa (2014). The following questions
were answered in this chapter:

1. What are Emergo’s current cost estimation processes and challenges for PreFab and
PreModu?

(a) How do the current calculation processes for Emergo’s PreModu and PreFab projects
operate, including the sequence of activities, input sources, needs and desired output?

(b) What are the primary challenges, bottlenecks, and areas of improvement within the
calculation processes of both PreModu and Prefab projects?

(c) What are the key differences and similarities between the calculation processes of
PreModu and PreFab projects?

The current calculation processes are examined through document analyses, interviews and prac-
tical observations. The cost estimation processes of PreFab and PreModu projects are are high-
lighted in a flowchart according to the Business Process Model and Notation (BPMN) . Addition-
ally, input data is listed according to the Unified Modeling Language (UML)?, which is established
by analysing the cost estimation processes.

Additionally, the observations and the interviews led to the current issues of the cost estimation
processes. These were visible during the observations and later on confirmed and supplemented
during the interviews. The issues are summarised in a table for PreFab and PreModu

Finally, the results of question 1a en 1b were considered input for the comparison, as similarities
and difference became visible while examining both processes. These comparisons are supple-
mented and confirmed during interviews.

3.1 Process Description

Initially, the processes are examined in a general way, elaborating on the structure of both cost
estimation processes. PreFab’s cost estimation process is unraveled first while PreModu’s cost
estimation process is examined subsequently. Besides the textual description, a flowchart per
process and tables that include necessary data entries are derived.

IBusiness Process Model and Notation
2Unified Modeling Language
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3.1.1 PreFab’s cost estimation process

In the PreFab concept, Emergo delivers timber-framed components as a subcontractor, with the
roof being the primary component. For cost estimation processes, the contractor seeks a price for
the delivery and assembly of the roof and/or other timber-framed construction elements, which
could lead to a contract.

Contractors request quotes from Emergo for timber-framed construction elements, often for mul-
tiple houses. Emergo’s team initiates the cost estimation process to provide an indicative price to
the contractor. PreFab projects vary, ranging from one-time clients to established network clients.
Additionally, in the PreFab context, Emergo’s suppliers are considered network partners, provid-
ing specific components not available in-house, such as windows. Despite employing standard
materials, partners, and procedures, the unique design of each project results in distinct, specially
engineered PreFab components. As a result, Emergo’s core process, the PreFab branch, maintains
an Engineer-to-Order (ETO) character. However, some standardisation is achieved through lim-
ited material variations and streamlined production routines, enhancing efficiency within Emergo’s
factory. Furthermore, the company is committed to minimising its supplier base, for example, hav-
ing selected three potential window suppliers, with one being the preferred choice. In conclusion,
Emergo uses standardised solutions for PreFab projects but still relies on an ETO character.

In the upcoming subsections, each phase of the PreFab process is elaborated upon, collectively
forming the comprehensive PreFab cost estimation process. Per phase, required data entries are
listed, gathered and established on behalf of this research. A simplified flowchart of the cost es-
timation process for PreFab is presented in Figure 6. For a more detailed version of this flowchart,
including a breakdown of work tasks and data entries per phase, please refer to Appendix A.
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PreFab Phase 1: Administration

The process begins with the receipt of a quote request, typically containing a ZIP file containing
project drawings, ranging from 2D PDF files to IFC and 3D Revit files. Additionally, the ZIP file
includes design specifications presented in tabular form, detailing preferred materials, colors, and
technical requirements. Moreover, PDF documents provide final project details such as Near Zero
Emission Building (NZEB) calculations and quote details. The completeness and quality of these
documents vary depending on the client.

Upon receiving a quote request, a new project is generated in Emergo’s Enterprise Resource Plan-
ning (ERP) system, referred to as the ERP system in this research for privacy reasons. The initial
project information is provided by the assigned cost estimator. As the project is initiated in the
ERP system, a corresponding project folder is automatically created on Emergo’s hard drive for
storing project documents.

PreFab Phase 2: Counting & measuring, highlighting and initial constructability calcula-
tions

Emergo has developed an Excel checklist model to streamline the work of cost estimators in this
phase. Beginning with the receipt of project drawings in various formats within a ZIP file, such
as 2D PDF files, IFC data, or 3D Revit files, the process proceeds with entering general project
details into the Excel file. The cost estimator then quantifies project elements and objects by
counting and creating an inventory, detailing specifications such as roof tiles, knee walls, and
interior roof coverage plates. This meticulous process extends to various elements like walls,
floors, solar panels, dormers, and roof cladding, ensuring accurate assessment based on project
specifics. The necessary data for quantification and specification are examined and established in
Table 3.1. This data is implemented in the Excel model or utilised by the cost estimator for this
phase of the cost estimation process
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Frarme widlh (] Shieger
Blocks in project <integer> Frame height [mm] <integer>
Houses in block <integer> Assembly included? <boolean>
Qv10-value in roof [(dm3/s)/m2] <float> Beam distance [mm)] <integer>
Rc-value in roof [(m2 K)/W] <float> Span distance [cm] <integer>
Roof tiles List of 3x <string> | Beam strength <string>
Roof decking plates List of 3x <string>
Optional roof decking plates List of 3x <string> | Max power per panel [WP] <integer>
Rafter heights [mm] <integer> Number of solar panels <integer>
Roof curb present? <boolean>
Gutter brackets present? <boolean> Window width [mm)] <integer>
Knee walls present? <boolean> Window length [mm] <integer>
Wall Information Data type | Window height [mm] <integer>
Qv10-value in roof [(dm3/s)/m2] <float> Roof slope [degree] <float>
Rc-value in roof [(m2 K)/W] <float> U-value glass [W/(m2K)] <float>
Sound resistance wall [dB] <float> Window count in block <integer>
Fire resistance wall <float>
Wall width [mm] <integer> Roof trim <string>
Wall decking plates inside <string> Roof outside cladding <string>
Wall decking plates back <string> Frame opening material <string>
Frame opening(s) Information  Data type Dormer decking plates <string>
Frame type <string> Roof Cladding Information Data type
Frame count per block <integer> Cladding material/type <string>
Frame material List of 2x <string> | Cladding count [m] <float>
Frame location List of 3x <string>

TABLE 3.1: Derived overview of necessary data addressing initial frequency and dimen-
sions, implemented in Excel

Subsequently, the cost estimator highlights these objects on technical project drawings. This step
is essential for preventing misunderstandings by demarcating project boundaries through the use
of color-coded annotations on the technical drawings in PDF files. In cases where specific details
are lacking, standard Emergo details are incorporated into the project documents. The cost estim-
ator uses the data from Table 3.1 as well as the experience a cost estimator has to know which
products Emergo offers.

Moreover, the cost estimator subdivides each house into individual timber-framed elements with
provisional IDs based on predetermined size rules and logical reasoning. This segmentation en-
sures the final products are transportable and assemblable, enhancing process efficiency. Similar
elements are grouped with similar names, to enhance the efficiency by specifying the frequency
of an element. The division process generates project-specific data crucial for accurate cost es-
timation. Per element, the produced data is shown in Table 3.2, where this data is later used to
estimate the costs of these elements. This data is thus produced by the cost estimator by manual
measurements, and implemented in the Excel model.

Element Information  Data type Element Width [mm] <integer>

Element ID <string> Element Length [mm] <integer>
Element Type List of 3x <string> | Element Slope [degrees] <float>
Element Height [mm)] <integer> Element Count <integer>

TABLE 3.2: Derived overview of produced data for a division of timber-framed elements,
implemented in Excel

Lastly, the cost estimator utilises an online calculation tool® for construction bracket and material
determination, simplifying calculations based on roof dimensions and ensuring compliance with
deflection limits. Information in Table 3.3 is gathered by the cost estimator and input for the cal-

3CIBIS Roof calculations
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culation tool, resulting in the the determination of the allowed deflection, roof trusses type, roof
trusses distance and bearing capabilities of knee walls. The results are included in the Excel model

Furthermore, specific elements requiring structural engineer attention are identified and counted,
with associated engineering costs considered in the estimation process. These specifc elements are
shown in the right column of Table 3.3, under construction elements. These elements are counted
and this exact data is noted in the Excel model

Construction Information Data type Construction Elements  Data type
Roof Ridge Length [mm)] <integer>  Rafter Roof Count <integer>
Roof Angle [degrees] <float> Purlin Roof Count <integer>
Distance (Knee Wall & Roof Ridge) [mm] <integer>  Dormer Count <integer>
Distance (Knee Wall & Roof Trusses) [mm]  <integer>  Hip Rafter Count <integer>
Glulam Beam Count <integer>
Walls Count (per height)  <integer>
Floor Count (per level) <integer>

TABLE 3.3: Derived overview of input data for the initial construction calculations and
frequency of construction elements

PreFab Phase 3: Estimating costs of timber-framed construction elements

In the third phase of PreFab, Emergo estimates the costs of its primary timber-framed construction
elements using an external calculation tool developed within Microsoft Access, referred to as Tim-
ber Estimating Software X. This software primarily focuses on estimating roof components and
knee walls, with less frequent use for walls and floors. The process begins with the cost estimator
manually inputting the base dimensions of the elements, and selection of predefined timber-framed
material bundles.

Customisation of materials bundles is often necessary to meet project-specific requirements, such
as modifying roof bracket types and quantities. Emergo applies surcharges for rare or complex
elements to account for additional complexity. Project-related costs, including transportation and
engineering expenses, are also factored into the estimations per element. The resulting costs are
automatically calculated through a price database within Timber Estimating Software X, and the
data can be exported via a .CSV file, providing a detailed breakdown of costs per item. This .CSV
file is then imported into the ERP System, effectively concluding the process within Timber Es-
timating Software X

Several datasets are utilised during this sub-process. Data from the division of elements (refer
to Table 3.2) is used, alongside the corresponding predefined composition of the element, which
must be selected manually. This composition is adjusted as needed for project-specific require-
ments. Additionally, input data for selecting the proper composition for a specific element is
specified in Table 3.1. These compositions may require manual adjustments per element type,
such as incorporating special construction elements from Table 3.3 into fixed material composi-
tions, resulting in additional construction costs.

The data listed in Table 3.4 is manually implemented within Timber Estimation Software X by
the cost estimator. While some data entries are duplicated from prior tables, the need for manual
implementation necessitates their repetition. Additionally, new data entries, such as estimating the
type and number of trucks necessary, are introduced in this phase.
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C.0.C. Size Roof Trusses [mm] <integer>
Element ID <string> C.O.C. Size Roof Tile Battens [mm] <integer>
Element Count in Block <integer>  C.0.C. Size Roof Lath Battens [mm] <integer>
Element Width [mm] <integer>  Add/Adapt any Additional Article <list>
Element Heigh [mm] <integer>  Add/Adapt Any Additional Task <list>
Element Composiion <li>
Discount Assembly [%] <integer>  Construction/ Engineering Costs [Euro] <integer>
Discount Machine Hours [%] <integer>  Distance to Project [km] <integer>
Element Area Oblique Elements [%] <integer>  Type of Truck List of 2x <string>

Number of Trucks required <integer>

TABLE 3.4: Derived overview of necessary data that is manually implemented in Timber
Estimation Software X

PreFab Phase 4: Estimating remaining and/or additional costs

After completing the calculations in Timber Estimation Software X, the cost estimator returns to
the Excel model to estimate the costs of any remaining or additional elements that couldn’t be
calculated within this software. These elements typically include windows, dormers, framings,
and other additional items. The Excel model is equipped with built-in formulas to facilitate this
estimation process, operating in a semi-automatic mode. While the Excel model handles most
calculations automatically, some dimensions or values must be manually input by the cost estim-
ator. Additionally, certain estimations rely heavily on the estimator’s knowledge and experience,
particularly when assessing special products, assembly hours, and transportation requirements.

Although the structure of this phase mirrors the initial Excel phase, focusing on elements such as
roof windows, dormers, assembly operations, and roof cladding, it delves deeper into the specific-
ations and details of each element. The dataset necessary for this phase is specified in Table 3.5,
which provides more detailed information compared to the data in Table 3.1. For instance, it
includes specifications for dormer materials and skirting boards, which are relatively minor cost
items but require precise estimation. This phase demands a higher level of expertise from the cost
estimator due to the intricacies involved in estimating these detailed costs.

Roof Window Selection Information Data type | Roof Anchors in Roof <integer>
Window Brand List of 3x <string> | Glulam Beam in Block <integer>

Window Brand Type <list> Stairwell in Knee Walls <integer>
Window Frame Opening Type List of 3x <string> [BOEGGITH TR 1ETD1 Data type
Window Additional Costs <float> Cladding Material List of 4x <string>
Dormer Selection Information Data type Cladding Thickness [mm] <integer>
Dormer Width [mm] <integer> Cladding Length [mm] <integer>
Dormer Height [mm] <integer> Cladding Width [mm] <integer>
Dormer Depth [mn] <iieger>
Material Dormer Roof <list> Standard Houses in Block <integer>
Material Dormer Cheeks <list> Cross Gable Roof in Block <integer>
Material Dormer Cheeks <integer> Perpendicular End Unit in Block <integer>
Assembly Information Data type | Glulam Beam Information Data type
Number of Houses in Block <integer> Building Wall Type List of 2x <string>
Height of Roof [mm] <integer> Glulam Beam Count in Block <integer>
Number of Trucks required <integer> Length of Glulam Beam [mm] <integer>
Floor Levels per Element <integer> Solar Panels Information Data type
Type of Roof <list> Solar Panel Row Count in Solar Panel Field <integer>
Valley Rafter Included <boolean> Solar Panel Row Count in Solar Panel Field <integer>
Hip Rafter Included <boolean> House Count in Block <integer>
Roof Gutters Length [m] <float> Window Count in House <integer>
Elements in House <integer> Less Panel Count in Solar Panel Field <integer>

TABLE 3.5: Derived overview of necessary data to conduct the calculations in Excel,
relying on previous collected data and experience of the cost estimator
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PreFab Phase 5: Quote composition

In PreFab Phase 5, the quote composition occurs within the ERP system, continuing the semi-
automatic process. Costs from Excel are manually inputted into the ERP system, while costs
calculated in Timber Estimation Software X can be imported through a .CSV file. Initially, an
automated draft quote is generated based on predefined rules. The employee’s role involves re-
viewing, modifying, and finalising the quote by confirming the presence or absence of project ele-
ments. This meticulous process ensures that the quote accurately identifies the products Emergo
can supply, establishing crucial terms for the contractual relationship with the contractor. Once
the annotated PDFs and quote are sent to the contractor, the cost estimation process concludes.

Following quote approval, the cost estimator may further engage in negotiating project options
with the client. Although recalculations might be necessary, the project then transitions to the
account manager, buying department, and engineer for further action.

3.1.2 PreModu’s cost estimation process

In PreModu projects, Emergo collaborates with a diverse range of clients, including investors,
house-building corporations, and contractors, who typically seek a (sub)contractor for residential
construction in new developments. While many projects involve assembling multiple houses with
similarities, variations can arise due to different house types and design options. Initial meetings
are conducted to assess the feasibility of integrating PreModu into a project. If there is mutual
interest, the cost estimation process begins to provide an indicative price. Clients can select from
predetermined options and solutions offered within PreModu, but Emergo also allows for limited
unique solutions to accommodate client preferences. Nonetheless, the majority of the design is
standardised and predefined, with Emergo estimating their standardisation level to be 85%

Emergo is currently expanding the standardised components, moving towards MTO or even ATO
strategies. However, the remaining 15%, which includes unique client adjustments, still relies on
an ETO strategy. Therefore, cost estimations may include uncertainties due to the inclusion of
unique or varying components that have not been previously calculated. Achieving 100% stand-
ardisation could lead to more accurate cost estimations.

During the cost estimation process, a preliminary BIM model is created by an internal or external
architect using standardised design specifications and PreModu concepts. Once an agreement is
reached on the estimated price, the design is further developed and refined to determine detailed
design options, technical solutions, and specifications, leading to the establishment of a technical
design and production plan. As the project progresses, actual costs become clearer, often deviat-
ing from the initial estimate. Thus, the current cost estimation process primarily aims to provide
clients with a cost indication, recognising the iterative nature of design and decision-making in
PreModu projects. The process leading to the estimated costs is illustrated in Figure 7, where-
after the client can decide to continue or terminate the project. Further details are elaborated in
subsequent sections.

PreModu Phase 1: Project start-up

The project initiation phase commences with one or more meetings aimed at assessing the feas-
ibility of integrating PreModu into a specific project. These discussions cover essential aspects
like house types, the quantity of houses, and project locations. Emergo indicates a rough price
for houses from their catalog during these discussions. If both parties acknowledge the potential
of utilising PreModu for the project, Emergo proceeds to develop a more detailed pricing structure.
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To systematically manage the project and monitor its progress, a dedicated project folder is estab-
lished within Emergo’s ERP system. This folder contains essential project information, including
client details and project location. Additionally, a corresponding folder is created on the hard drive
to store comprehensive project documents, such as drawings.

PreModu Phase 2: Preliminary design

After reaching an agreement on the rough cost estimation, Emergo directs either an internal or
external architect to create the preliminary design. This design plays a pivotal role in the sub-
sequent cost estimation process as it combines the selection of house types and options, providing
a tangible representation of the project. Leveraging standardised objects and predefined house
designs, which potentially are already incorporated in Revit Families. Thus, the architect has a
solid foundation to develop the preliminary BIM model and the design process builds upon exist-
ing modular house types rather than starting from scratch. Yet, not all the components of PreModu
are included in Revit families already, necessitating additional modeling tasks. Emergo oversees
this coordination, particularly when the design is outsourced.

The preliminary design encompasses essential elements needed to convey the initial concept and
feasibility of the project. Serving as a foundational point for discussions and decisions, this design
allows for flexibility in revisions based on client feedback and the need for further detailed plan-
ning.

PreModu Phase 3: Cost estimation process in Excel

The cornerstone of cost estimation in PreModu is an Excel model, serving dual purposes. Firstly, it
acts as a platform for both automated and manual calculations, entailing predefined cost estimation
formulas. While the Excel model automatically processes project options into standardises costs,
the cost estimator also manually calculates unique components that are not covered by component
and costs libraries. Secondly, Excel functions as a central database for maintaining estimations
from various sources. It combines costs that are partly imported from Timber Estimating Software
X or the ERP software. Timber-framed construction elements are calculated and updated in Tim-
ber Estimating Software X per house type, and then copied within the the Excel sheet. The ERP
system includes exact material and labour cost items, such as the costs to deliver and assemble a
frame opening. Due to the wide range of objects within PreModu, the cost items are significant,
which are manually updated every quarter.

The process begins with indicating the frequency of each house type, including the characteristic
if the house is between other houses or at the corner of the block. Then, the cost estimator fills in
standardised components, which are incorporated in a list of Excel, such as dormer type, bathroom
type and facade finishing type. Standardised Excel formulas automate fundamental calculations
on the background for these universal, project-independent modules. For example, formula’s for
bathroom types include a list of cost items corresponding to the bathroom and house type. Up-
dates involve refreshing article prices and verifying formulas, conducted every quarter or when
new house types are introduced. Thus, the cost estimator initially focuses on specifying all the
standardised elements, with the model generating estimations for total costs of standard elements

Subsequently, the cost estimator focuses on project-dependent elements, which may vary across

projects. These components are determined to be varying with a reason, namely, they impact the
aesthetics of a house and project, including a level of flexibility in the design. Examples are the
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roof tiles, facade finishing materials and framing materials. In Excel, these options are predefined
but rely on manual input from the cost estimator, where the material and quantity has to be spe-
cified per house type. The quantity is manually measured from drawings while material types are
limited and standardised. After the material and quantity is specified, the model automatically
estimates the costs of the project-dependent options. Similar to the previous step, the formulas are
predefined, and articles are updated quarterly.

Finally, the cost estimator needs to include costs that are unique and not defined within the Excel
model. These estimations are entirely manual due to the uniqueness of the product or the fact that
it hasn’t been predefined before. These costs are primarily determined by special client requests
or elements included for engineering purposes. The cost estimator assesses these costs manually,
drawing from their experience. Examples of such costs include the delivery of a loft ladder, roof
attachments, and floor/roof recesses, which are belonging to the unique costs that are not typically
reused between projects. Moreover, the cost estimator has the freedom to adapt certain cost items
if these are prospected to differ in the project. For example, if a project is large of size, the cost
estimator can increase architectural costs for the design of the project, which obviously cost more
time due to the fact that it is a large project.

Emergo indicates that 85% of PreModu consists of standardised components, with the remaining
15% being project-specific. The cost estimation process primarily focuses on selecting options
from predefined lists and then, estimating project-specific elements. An overview of the necessary
data to estimate to costs per PreModu project is derived ans shown in Table 3.6, distinguishing
between standardised and project-specific information. Standard elements are calculated based
on predefined parameters, while project-specific details require manual adjustments and measure-
ments or include the additional ’special’ costs, used for the unique components that are included
based on the preferences of clients and/or buyers.

Standardised Information Data type Number of sun blinds <integer>
Corner or inbetween house List: 2x <string> Number of ventilation units <integer>
Option of base configuration List: 15x <string> | Option of dormer types List: 3x <string>
Option of front facade List: 4x <string> Number of dormer types <integer>
Option of back facade List: 2x <string> Option of canopy types List: 3x <string>
Option of head facade (IF corner house)  List: 4x <string> Number of canopies <integer>
Option of facade finishing List: 4x <string> Option of gutter types List: 3x <string>
Option of roof finishing List: 2x <string> Option of sewage type List: 3x <string>
Option of heating installation type List: 3x <string>
Option of solar panel type List: 2x <string> Material of Roofing Tiles in House <string>
Option of solar panel field size List: 26x <string> | Quantity of Roofing Tiles per Material <float>
Option of kitchen implementation type List: 4x <string> Material of Facade Finishing/Cladding in House <string>
Option of floor finishing List: 3x <string> Quantity of Facade Finishing/Cladding per Material <float>
Option of wall finishing List: 3x <string> Material of Framing Area in House <string>
Option of sanitary facilities List: 3x <string> Quantity of Framing Area per Material <float>
Option of roof window type List: 9x <string> Unique Information Data type
Number of roof windows <integer> Unique costs for unique components <float>

TABLE 3.6: Derived overview of necessary data per PreModu cost estimation process,
distinguishing standardised, project-specific and unique costs.

PreModu Phase 4: Development order

Within the Excel model, a comprehensive overview of all costs, including total project expenses
and optional prices for additional elements, is compiled. Subsequently, a project development
order is generated in the ERP system. This order is then forwarded to the client for discussion and
approval. The client’s approval of the development order represents a critical decision point. If the
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client rejects it, the project is terminated. However, if approved, the project advances according
to the initial schedule, and a development agreement is formalised. It’s important to note that
the nature of these development agreements is indicative, and the price remains flexible, subject to
adjustments in subsequent project stages. Additionally, certain matters, such as optional prices and
the delineation of responsibilities, require further discussion and clarification during this phase
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3.2 Process Analysis

In this section, both cost estimation processes are analysed and evaluated, building on the previ-
ously process description. A comparative examination sheds light on the key distinctions between
the two routines, providing insight into their respective strengths and weaknesses. Furthermore,
interviews were conducted to glean perspectives on the comparison between these processes, en-
riching our understanding of their intricacies

By revealing the characteristics of each cost estimation process, their unique features and op-
erational nuances are exposed. These insights are instrumental in identifying current challenges
and areas for improvement. Interview feedback underscores specific issues inherent to each pro-
cess, offering valuable perspectives on potential enhancements.

Finally, determined issues are placed within the existing structure of each flowchart, highlight-
ing the improvement area’s per process.

3.2.1 Comparison between both processes

In Emergo’s construction landscape, PreFab projects represent a cornerstone of revenue gener-
ation, characterised by established routines and consistent performance. Conversely, PreModu,
while still in its developmental phase, carries significant potential according to Emergo’s vision.
Despite its current status as a work in progress, Emergo anticipates a future where PreModu could
potentially outperform PreFab in revenue and demand.

While both PreFab and PreModu projects share the overarching goal of delivering residential
constructions, their cost estimation processes exhibit distinct approaches. The following compar-
ative analysis dissects key aspects, shedding light on both similarities and differences observed
during the process description phase and interviews. By examining these aspects, insights into the
strengths, challenges, and areas for improvement per process is pursued.

Firstly, Table 3.7 highlights aspects that are handled similarly across both processes, providing
a foundation for further exploration. Subsequently, Table 3.8 delves into the specific differences
observed between the two processes, offering deeper insights into their respective methodologies
and workflows.

Overlapping activities

Both PreFab and PreModu cost estimation processes exhibit significant similarities in their overall
execution, utilising comparable software, tools, and methodologies. Automation is central to both
processes, streamlining workflows by enabling cost estimators to input selections or dimensions,
with subsequent calculations automated by Excel or Timber Estimation Software X. These models
share foundational structures, relying on similar formulas for computations. Manual interventions
are necessary for handling project exceptions, albeit to varying extents.

Furthermore, both PreFab and PreModu rely on the same price databases. The ERP system forms
the basis for the Excel-based database composition, while Timber Estimation Software X is util-
ised for estimating timber elements. Consequently, the estimation of timber-framed construction
elements follows a similar methodology in both processes, albeit with different calculation fre-
quencies: quarterly for standardised PreModu concepts and project-based for PreFab. Notably,
resulting prices in both processes remain provisional, subject to adjustments after clients finalise
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decisions or technical designs reach completion.

As a result, both PreFab and PreModu cost estimation processes provide indicative values, laying
a solid foundation for subsequent project phases such as planning, budgeting, and engineering.
Rather than recalculating every component, adjustments to cost calculations occur in later stages,
reflecting a pragmatic and iterative approach. This shared characteristic underscores the flexibility
and adaptability of both processes, enabling responsiveness to evolving project dynamics.

Similar aspects Explanation

Systems used Both processes utilises similar ERP systems and calculations models
(Excel and Timber Estimation Software X)

Process phases Similar approach to projects: Administration, cost estimations and
then quote composition

Project Variations/ Manual efforts List of options/articles for design variations in combination of manual
estimations for special exceptions.

Data sources For the standard components, PreFab and PreModu use similar data-
bases like article prices, labor hours and project information

Implementation of timber-framed construction elements  Both processes include the implementation of timber-framed construc-
tion elements, where costs are similarly estimated, via Timber Estim-
ation Software X. In fact, employees mention that PreFab is a part of
PreModu, but then with standardised timber-framed components.

Price derivation Similar formulas and dimensions used (article price, quantities, labor
cost, etc.)
End of process (result) Indicative price + optional prices, where the final price still can

change after decisions have been made

Automated process Besides unique cost calculations, the formulas are predefined, result-
ing in (semi-) automatic cost estimations that converts the input of the
cost estimator into estimated costs

Quality Control Measures Model in Excel is error-prone as errors are hard to detect and the
model can be changed by anyone. Manual steps are considered as
checks of the cost estimation process. Measuring quantities is human
activity and hence, error-prone

Effect on other processes Cost estimation process is the beginning of entire workflow, providing
a solid base for other activites.

TABLE 3.7: Similar aspects in PreFab and PreModu processes

Differences between both processes

Although both PreFab and PreModu cost estimation models share similarities in construction and
utilize identical systems and price databases, differences emerge in broader organizational and
project workflows. As detailed Table 3.7, the fundamental structures of the cost estimation pro-
cesses overlap, relying on comparable models, tools, and price databases. However, the distinctive
nature of typical PreFab and PreModu projects introduces variations that set these processes apart.

This disparity is explicitly highlighted in Figure 8, derived to showcase the profound difference in
the conceptual visions of both approaches. In PreModu projects, design intricately ties to stand-
ardised components and object libraries, despite ongoing library development. Conversely, PreFab
components are engineered for unique designs, offering flexibility despite standard material usage.
PreModu components maintain standardised dimensions, while PreFab components vary in size
to match design needs. This difference serves as the cornerstone distinguishing the two processes,
giving rise to dissimilar aspects detailed in Table 3.8. Different aspects are listed with a score for
PreFab or PreModu that reveals the applicability of the aspect, argued in the last column. Scores
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vary from - - until ++, ranging from not relatable to matching, respectively.

PreModu

PreFab

Design forms the components

FIGURE 8: Difference in organisation between both concepts

One evident difference arising from distinct design philosophies shown in Figure 8, is the man-
agement of design components. PreFab adapts standard materials based on design specifications,
while PreModu relies on a greater number of standardised components and modules. This variance
is reflected in the initiation phase. PreModu begins with a feasibility check, with clients choos-
ing preferences from fixed options, whereas PreFab starts directly with a quote request, adapting
components based on client needs.

The accuracy of PreFab cost estimations is higher due to the limited number of components used,
each precisely counted rather than estimated. This approach results in exact cost estimations by
connecting a list of component types and their frequencies directly to prices. The range of products
used within PreFAD is considered low, where PreFab projects mainly focus on roof-related com-
ponents. Standardised material compositions are adaptable to match unique designs, necessitating
specific engineering for each project and making the process more time-consuming

In contrast, certain components of PreModu are estimated quarterly, with fixed dimensions or
modules. While the selection of design options relies on standard choices, the object library is not
yet complete, leaving around 15% of components variable or project-dependent. Consequently,
the costs for these components are estimated rather than fixed, reducing estimation accuracy. For
instance, concrete floors may come in multiple variations, resisting standardisation and leading to
estimated prices. Additionally, PreModu encompasses a wide range of products, from bathroom
modules to roof components to Mechanical, Electrical, and Plumbing (MEP) installations, increas-
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ing reliance on suppliers and resulting in price variations and uncertainties. Currently, Emergo is
refining its estimations and working toward establishing a standardised object and more accurate
cost library, aligning with its vision to transition to ATO/MTO.

Different aspects PreFab PreModu Explanation

Client interaction: - ++ Prefab client interactions are used only to streamline uncertain-
ties while PreModu client interactions are necessary to decide
the project feasibility and design options

Standardisation efforts in the design: ~ -/+ ++ Prefab relies on adapting standard articles to unique designs
while PreModu persuade a combination of standardised com-
ponents to realise project-specific solutions

Project Management efforts: -- + PreModu compares cost estimation and cost realisation for their
learning curve and cost estimation capabilities while PreFab is
already well-established and quite accurate.

Reliance on ETO: ++ -/+ PreFab relies on ETO while PreModu shifts towards ATO/MTO

Design Influence: - ++ PreModu cost estimation process are derived after and during
the conduction of the preliminary design on behalf of Emergo
while PreFab cost estimations are conducted after the design
has been established on behalf of the client. Only technical spe-
cifications can be adapted due to Emergo’s expertise

Acceptance of requests: ++ -- PreFab starts with direct quote request while PreModu starts
with a feasibility check to implement PreModu

Accuracy: ++ -/+ PreFab is detailed and accurate in terms of counting products
and entails a complete cost overview of the material/components
that are used. PreModu relies more on prices of suppliers
and face incomplete cost libraries. Currently, PreModu is con-
sidered less accurate but Emergo is aiming to obtain standard-
isation within costs in the future, through completion of cost lib-
raries

Process lead time: - + PreModu is faster due to repetitive calculations where only the
modifications need to be calculated. PreFab cost estimations
are unique and not project exceeding

Usage of BIM during calculations: -- - Technical drawings for PreFab projects are created by Emergo
after the work is accepted, and preliminary BIM models from
the clients are unused during cost estimation. For PreModu,
BIM models are conducted on behalf of Emergo but only used in
a limited manner

Adaptability of Design: ++ - Changes does not affect PreFab projects as much as it effects
PreModu workflows, therefore PreModu design changes is con-
sidered almost zero

Project-specific calculations: ++ - This aspect is dissimilar since each component has to be recal-
culated for each PreFab project while most PreModu compon-
ents are calculated on quarterly base

Required Data: ++ -/+ Compared to PreModu, PreFab cost estimation processes re-
quires more data to estimate the costs of projects. This can be
seen if one reviews Table 3.1-Table 3.6

Risk Management: -/+ + Risks at PreModu are currently greater due to a less accur-
ate process. Both processes include a risk percentage on some
prices, yet PreModu is more uncertain.

TABLE 3.8: Deviant aspects in the current PreFab and PreModu processes

3.2.2 Process evaluations

Upon a comprehensive description and comparison of both processes, a nuanced understanding of
their characteristics emerges, resulting in the ability to evaluate both processes. Figure 9 summar-
ises the key strong and weak points for PreFab while Figure 10 provides the findings for PreModu.
Each figure will be further elaborated in the upcoming section. The results are thus derived based
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on the process identifications, comparisons and interviews and are validated during a group ses-
sion.

Evaluation of PreFab’s cost estimation process

The strength of PreFab’s current cost estimation process lies in its well-established nature. Emergo
has been handling these projects for a considerable period, making it a core aspect of their business.
Given Emergo’s extensive knowledge as a subcontractor for delivering timber-framed construction
elements, the cost estimation process has become routine work. This expertise ensures that cost
estimators are well-equipped to address challenges and find solutions during cost derivation.

Standard and limited material compositions and established routines contribute significantly to the
precision of cost estimations. The limited range of products allows for project-specific quantities
and dimensions, resulting in highly accurate estimates. These characteristics present opportunities
for future enhancements. Since tasks are project-dependent but similar, implementing automated
models could streamline the process. While estimations may vary, the underlying steps remain
consistent, enabling the development of models tailored to these steps, thus reducing time con-
sumption.

Furthermore, the use of standard material compositions only requires to adopt this material com-
position to the unique design. This minimises design flexibility and enhances the possibility for
standardisation. For instance, dividing a roof into multiple elements is currently a manual process
based on the cost estimator’s experience. However, this step follows a set of rules and utilises a
limited range of materials, making it ripe for automation.

On the other hand, The unique and client-dependent nature of designs poses a challenge in the
cost estimation process. Each project requires a separate estimation, leading to repetitive steps and
manual measurements. This manual and repetitive approach contributes to the time-consuming
nature of the process and increases the likelihood of errors, such as counting and measurement
mistakes.

Furthermore, the use of multiple tools for estimating costs necessitates manual data transfers,
adding complexity and potential for errors. Emergo faces threats in this regard, particularly con-
cerning dependency on client deliverables. Document deliveries vary widely among clients, ran-
ging from comprehensive to nonexistent, which limits Emergo’s control and hampers the imple-
mentation of potential solutions.

Moreover, information provided by clients vary in terms of standardisation, quality and complete-
ness. The type of documents that a client delivers is different per client such as the appearance of
a BIM model, which is not included in many projects. On top of that, BIM models are varying
in quality and development. Each client or architect designs these BIM models according to their
preferences, undermining the reliability and utility of BIM models for cost estimations.

Finally, while PreFab cost estimation processes are currently well-established and routine, there is
a risk of stagnation and obsolescence if advancements in efficiency cannot be realised, especially
if Emergo fails to keep pace with emerging technologies. This situation aligns with the potential
threat posed by the rise of PreModu, which Emergo anticipates could surpass PreFab in the future.

In conclusion, key findings of PreFab’s cost estimation process evaluation are summarised in Fig-
ure 9
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Evaluation of PreFab

Strong Points Weak Points

* Accuracy: Quantity measurements are quite accurate |+ Unique designs: Designs are often unique and vary
due to well-defined designs. Components are exactly between projects. Clients are in control of this model
counted and connected to a price, resulting in and Emergo is dependent on these design
detailed cost estimations + Time-consuming: Some steps are time-consuming

* Routine work: Repeatable process with known such as manual dimension measurements or manual
challenges, solutions, defined workflows and reliable division of elements and the composition of the quote
fixed partners. Materials and components that are + Disconnected databases: Manual configurations are
used are known and unique solutions are rare necessary to transfer data between databases

+ Adaption of standard materials: Even though designs |+ Error-prone: Counting or measuring errors by cost
are unique, tasks have a repetitive nature, such as estimator due to manual measurements
adapting standard material compositions into flexible |+ Old-fashioned: The risk of not adapting to emerging
designs. This increases the potential for automated technologies could hinder Emergo's ability to optimise
cost estimation models and enhance the efficiency of the Prefab cost

* Low range of product variety: PreFab mainly focuses estimation process
on the roof components and related components, + Quality of information depends on clients: Emergo is
which consist of limited and fixed material and dependent on client for BIM models, project
components possibilities information and design quality, threatening the

possibility to increase efficiency

FIGURE 9: Derived summary of weak and strong points of PreFab’s cost estimation pro-
cess

Evaluation of PreModu’s cost estimation process

PreModu, a relatively new concept, holds immense potential for Emergo. Its strength lies in the
implementation of standardisation, both in components and costs. This allows for the emergence
of designs from standardised components, enabling project-independent estimations. Modules can
be estimated quarterly to account for price fluctuations or supplier updates, streamlining the pro-
cess and minimising the need for project-specific recalculations. Standardised costs for standard
modules or components make the cost estimation process relatively fast, relying on pre-calculated
options.

Emergo’s success in completing PreModu libraries could unlock massive potential compared to
PreFab. Automated design and cost estimations are among the many applications that could be-
come central to Emergo’s business with PreModu. BIM models are always modeled during the
cost estimation process, on behalf of Emergo’s coordination. Integration with BIM presents a sig-
nificant opportunity, as it can be utilised during the cost estimations

Designs are tailored to the features and component library of PreModu, enhancing Emergo’s influ-
ence over house development. Clients must adhere to PreModu requirements, reflecting Emergo’s
vision towards MTO/ATO strategies. Emergo’s control over PreModu concept puts it in a position
to capitalise on these opportunities and establish PreModu as a core aspect of its business.

Weaknesses in the current PreModu process include incomplete object and price libraries, with
an estimated varying percentage of 15% per project, which have not been standardised yet and
do not contain an exact price tag. Also unique requirements by clients results in resistance to
standardisation and leads to unique adaptions per project or even per house, which are calculated
manually. Besides, the wide range of products and suppliers for PreModu realises a level of price
uncertainty within the cost database. Based on these three aspects, the cost estimation process of
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PreModu is considered to be inaccurate.

Additionally, cost estimations rely on multiple disconnected databases, where manual data trans-
fers are required. Fist of all, designs are conducted in Revit, and are not connected to cost data at
all. Secondly, cost items are originally stored in the ERP and in Timber Estimation Software X,
which are manually copied and maintained in the Excel Model that is used.

The incomplete libraries result in unavailable prices for certain component variations and ne-
cessitating manual cost estimations for new or unique project requirements. The time required to
complete these libraries to cover all client design options can be significant. requiring manual data
transfers.

Moreover, the learning curve and potential applications of PreModu could overwhelm Emergo.
Unclear implementation steps and slow development may hinder the realisation of benefits. This
issue also resulted in the ignition of this research, clarifying on the improvement directions Emergo
could undertake to enhance cost estimations. Insufficient overview in this development under-
mines the potential that PreModu entails. Reliance on customised components or designs threatens
to undermine the benefits of PreModu, as manual efforts remain necessary without sufficient stand-
ardisation.

In conclusion, key findings of PreModu’s cost estimation process evaluation are summarised in
Figure 10

Evaluation of PreModu

Strong points

Weak points

Standardisation: Standardised designs and objects are
project exceeding and not unique per project.

Relative fast cost estimation process: Options are
precalculated and updated every quarter, avoiding the
need to recalculate per project.

Possible process optimisations: Further developing and
finishing object libraries will standardise and improve
cost estimation process in terms of efficiency

BIM integration: BIM models are always accessible,
resulting in an opportunity to integrate or use BIM
models during cost estimations

Influence: Emergo oversees deriving a preliminary BIM
design. Hence, they can control the BIM model, enabling
the possibility to manage data from the start

Accuracy: Due to incomplete object and price libraries
and dependency on suppliers, the accuracy in current
cost estimation processes is considered relatively low
Incomplete libraries: The component and cost library of
the concept of PreModu is still incomplete, disabling
complete standardised cost estimations.

Multiple disconnected databases: Manual work is
necessary to connect data between systems
Dependency on suppliers: Due to the range of products,
Emergo is dependent on the reliability of supplier prices
Resistance to standardisation: Currently, unique
components are used based on client or buyer
preferences, resulting in the need of manual cost
estimations.

Development stage: Currently, PreModu is still in its
development phase. Developing PreModu and adapting
to BIM integration might take some time or is
unachievable. Not all benefits are currently exploited

FIGURE 10: Derived summary of weak and strong points of PreFab’s cost estimation
process

3.3 Conclusion

Within this chapter the first research question ( (1) What are Emergo’s current cost estimation
processes and challenges for PreFab and PreModu?) and its sub-questions are answered. Both
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processes (PreFab and PreModu) are examined through document analysis, observations, and in-
terviews to get familiar with the processes. This examination provided a detailed understanding
of the structure and organisation of cost estimations, where Figure 6 and Figure 7 reveal the flow-
charts of PreFab and PreModu respectively.

Additionally, PreFab’s and PreModu’s cost estimation process are compared to each other and
different or overlapping aspects are examined. In organisational terms, the cost estimation pro-
cesses are quite similar, using similar software, systems, and methods to estimated the costs. On
the other hand, the main difference is the enhanced control and coordination Emergo has over
PreModu. The concept, the design and input for cost estimations is managed in-house, with stand-
ardisation adopted as vision. PreFab cost estimations are dependent on documents and varying
designs from clients. Figure 8 illustrates the main difference, which has significant impact on the
corresponding cost estmations.

Finally, this comparative analysis and interviews provided input to evaluate the strengths and
weaknesses of each cost estimation process. Given the research objective, particular emphasis
was placed on identifying weaknesses as they present opportunities for process improvement.
By combining the process description with the analysis results, specific areas where these issues
manifest can be pinpointed. The evaluations highlighted critical weaknesses in both cost estim-
ation processes, which serve as focal points in this research. These identified "issues" represent
areas in need of improvement, offering opportunities for enhancements that address or mitigate
these challenges. These key issues are labeled for reference in Table 3.9, facilitating their place-
ment within the process flowcharts for a clear visualisation of their locations. Flowcharts featuring
these labels are available in Figure 12 and Figure 11.

Label Weaknesses/ Threats

W1 Unique Designs

W2 Time-Consuming

W3 Disconnected Databases

W4 Error-prone

W5 Old-Fashioned Technologies

W6 Information is dependent per client
W1 Accuracy

w2 Incompleteness

W3 Multiple Disconnected Databases
W4 Dependency on Suppliers

W5 Resistance to Standardisation
Wé Development Stage

TABLE 3.9: Labels of issues for both processes

The issues identified in the flowchart mark the conclusion of the process identification chapter.
In the next chapter, treatment requirements will be derived. These requirements are based on
stakeholder goals, with a focus on improving the current state of cost estimation processes to meet
desired objectives.
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Chapter 4

Treatment Requirements

Cost estimation processes of PreFab as well as PreModu have been extensively analysed and com-
pared, which resulted in an overview of their strengths and weaknesses. Transferring the research
to its second phase, a determination of the stakeholder desires, goals and treatment requirements
for potential solutions are necessary. The potential scenarios should eventually enhance the ef-
ficiency of cost estimation processes by accomplishing the design requirements. This chapter
entails the second phase of the research, which sets the stage for the next chapter, determining the
scenarios, which is thus a combination of BIM uses in the context of PreFab’s or PreModu’s cost
estimation processes.

2. What are the needs and treatment requirements of potential scenario’s for both cost
estimation processes?

(a) What are the anticipated requirements and expectations for the desired calculation
processes of PreModu and PreFab projects?

(b) How can the data generated within the calculation processes be effectively utilised in
other phases of the project life-cycle, contributing to an overall improved efficiency
and decision- making?

The treatment requirements are derived based on the desires of the stakeholders, captured via inter-
views. Stakeholder goals are defined, which are the input of the treatment requirements, following
the strategy of Wieringa (2014).

These treatment requirements are affecting the cost estimation process in a direct manner. How-
ever, other departments can also benefit from a smooth cost estimation process. General statements
are made in this chapter while the subsequent chapter reveals detailed derived scenarios, including
more specific contributions to the entire life-cycle.

4.1 Stakeholder Desires

The issues (strengths and weaknesses) of both cost estimation processes are identified, which
automatically reveals points or areas for potential improvements. These critical points are shown
on both process diagrams, Figure 11 and Figure 12. According to Wieringa (2014), stakeholders
of the research face different issues or have different awareness of the problems. A stakeholder
could be aware of issues and desire a potential improvement of the situation by implementation
of a treatment. Yet, a desire does not necessarily means that the stakeholder is willing to commit
resources to achieve the desire. When a stakeholder is committing resources (time, money and/or
other resources), the desire is defined as a researcher goal (Wieringa, 2014). These researcher
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goals can eventually be translated into goals for the potential treatment, which further specifies
the treatment and its requirements. The list of desires and goals is provided in Table 4.1, where
stakeholders are connected to the issues that they face, and the potential desire or stakeholder goal
that they have. These have been derived according to the interviews that have been held with the
stakeholders.

PreFab’s Issues Goal? ID
Stakeholders PreFab Desire
Clients W2, W4 - Require a reliable and fast estimation of ~ Desire D1
project costs including delivery specific-
ations
Cost Estimator W1, W2, T2 - Requires accurate, fast and up-to-date Goal Gl

cost estimation models to derive costs for
unique projects and varying data input
Cost Estimation department Manager W3, w4 - Needs to have access to accurate cost Goal G2
data from ERP’s database to manage and
maintain PreFab’s cost estimation mod-
els.
- Persuades quality and reliability incost ~ Goal ~ G3
estimations by the cost estimators to
avoid the need to check and recalculate.

Timber-Framed Component BIM Engin- W4 - Want to obtain an accurate division Desire D2
eer of timber-framed elements and details,
made by the cost estimator
PreModu’s Issues Goal? ID
Stakeholders PreModu Desire
Cost Estimator W1, W2 - Necessitates an (semi-) automatic cost Goal G4

estimation model that automatically cal-
culates the costs based on project para-
meters and options
Concept Manager W3, W4, T2 - Have access to all PreModu concepts Goal G5
and variations and cost databases to de-
rive cost estimations for entire modules
and options per house type
Clients W1, T2 - Want to check how PreModu can fit Desire D3
within their development project
- Efficient cost estimations, in terms of  Desire D4
accuracy and speed
Project architect/ BIM modeller W2, T1 - Need to have access to the inform- Desire D5
ation libraries containing standard Pre-
Modu designs, construction details and
project documents to derive a project
design/ model
Concept Developer W4, T2 - Desire standardisation across each Desire D6
concept type and
- coordination between cost data and Desire D7
design objects to develop and maintain
PreModu types

Both Issues
Stakeholders Both Processes Desire

Business Developer Emergo PreFab: T1. - Wants to enhance business concepts by Goal Go6
implementing or developing BIM within
the cost estimation processes. The stake-
holder is the initiator of the research

Goal? 1ID

PreModu: T2
Purchase/ Planning/ Production/ As-  PreFab: W1, W4 - Require accurate estimations, including  Desire D6
sembly/ Production Departments project details and object quantification
to conduct their daily tasks.

PreModu: W2, W4, T2

TABLE 4.1: Stakeholder desires and goals

Obviously, the stakeholder goals and desires overlap the research goal. In fact, the the stakeholder
goals summarise the direct improvements for cost estimation process. On the other hand, the
stakeholder desires are more broader aspects that are affected by these improvements, varying
from the beginning until the end of PreFab’s and PreModu’s supply chains. Together, the goals
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and desires form the research goal as it summarises the improvement of cost estimation processes
by implementing BIM to eventually enhance Emergo’s overall performance.

4.2 Treatment Requirements

Stakeholder goals are crucial in guiding the research, aligning with the overarching research goal.
These goals represent the desired improvements in the cost estimation processes that stakeholders
have committed resources to achieve. In contrast, desires reflect broader aspirations that extend
beyond the scope of this research and may not involve resource allocation. Following the prin-
ciples outlined by Wieringa (2014), treatment requirements are derived from these stakeholder
goals.

Each primary requirement is further broken down into sub-requirements, each assigned a unique
reference number to facilitate cross-referencing. It’s acknowledged that certain requirements may
overlap, particularly when addressing interconnected issues like accuracy and data library integra-
tion.

A comprehensive list of these requirements for the developed cost estimation processes for PreFab
and PreModu can be found in Table 4.2 and Table 4.3, respectively.

Process PreFab
GoalID  Requirements ID

Requirements
G1 R1 Cost estimation models must be able to translate varying data input from unique projects
into costs by using standard solutions
R1.1 The process must have a strategy to receive or generate data input from the unique designs
R1.2 The process must have a strategy to coop with varying data input
R1.3 BIM-models must be checked on quality and completeness before utilisation
R1.4 Cost estimation models or tools must be able to automatically translate unique data input to
standard outputs/ solutions
G2 R2 Cost estimation models must have access to accurate datasets
R2.1 The cost estimation process must have access to up-to-date cost databases to integrate cost data
and cost estimation models
R2.2 Data exchanges between systems must rely on imports, exports or integration instead of manual
exchanges
G3 R3 The process must maintain or reduce error sensitivity
R3.1 Errors in dimension measurements must be maintained or decreased
R3.2 Errors in object quantification must be maintained or decreased
G6 R4 Outcomes of the cost estimation process must be enhanced through BIM
R4.1 The process should replace manual cost estimation tasks by automated tasks
R4.2 The introduced automated tasks must reduce the process lead time
R4.3 Data integrity between departments or subsequent processes must be kept

TABLE 4.2: Treatment requirements for PreFab’s cost estimation process

For the PreFab process, the main requirements revolve around speed, automation, and database in-
tegration to reduce reliance on manual interventions. The variability inherent in each design poses
challenges, resulting in project-specific datasets that need to be processed uniformly. The current
manual extraction of information from project documents is time-consuming and prone to errors
due to incomplete data or counting inaccuracies. Therefore, enhancing the PreFab cost estima-
tion process entails automating tasks to accelerate the workflow while ensuring data integration
without compromising accuracy.
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Process PreModu

GoalID  Requirements ID
Requirements

G4 R5 The cost estimation system must contain complete data libraries to conduct cost estima-
tions
R5.1 Cost estimation system must include house types and their variations
R5.2 Cost estimation system must include standard components, modules or options which the user
can select
R5.3 The cost estimation system must include all cost prices to estimate costs for the possible com-
binations of project parameters and options
R5.4 The cost estimation system must automatically calculate the costs according to the chosen op-
tions or modules
G5 R6 Process must have complete and integrated connected databases
R6.1 PreModu’s conceptual process must rely on complete object or module libraries
R6.2 Each component, module or option must be integrated with cost data from the cost library
R6.3 Process must be able to handle concept changes
R6.4 The process must have access to reliable purchase data and coop with supplier price changes
G6 R7 Cost estimation process must have enhanced outcomes
R7.1 Cost estimation models or tools must increase in terms of accuracy of the cost estimation
R7.2 Design changes must be integrated with the cost estimation process
R7.3 Available BIM models (concept or preliminary project models) must be utilised during the cost
estimation process
R7.4 Process must reuse previous project data to complete cost library and enhance accuracy of cost
estimations

TABLE 4.3: Treatment requirements for PreModu’s cost estimation process

In contrast, Emergo prioritises accuracy over speed in the PreModu process. The primary focus
is on refining and completing the object and price library to optimise cost estimations. Although
a significant portion of project elements adheres to standardised solutions, challenges arise with
non-standardised elements that vary across projects. Continuous refinement is necessary to address
these project-specific challenges, such as facade finishing. PreModu aims to establish database
connectivity as the libraries are developed over time, ensuring accuracy and consistency in cost
estimations.

4.3 Benefits in the life-cycle

In this chapter, treatment requirements are derived aimed at enhancing the cost estimation process.
These requirements not only offer direct benefits but also indirectly improve subsequent processes
in the project life-cycle. Since the cost estimation process marks the beginning of each project
at Emergo, meeting these treatment requirements could potentially enhance other phases of the
project life-cycle.

General relationships with subsequent life-cycle departments are explored in this section, illus-
trating how these departments interact and utilise cost estimation data. These relationships are
summarised in Figure 13, applicable to both PreFab and PreModu concepts. The effective utilisa-
tion of data in each department is further elaborated in the following subsections. Additionally,
Figure 13 outlines the enhanced activities, such as scheduling activities, achievable through the
development of cost estimation processes. Besides the general statements addressing the effective
utilisation of cost estimation data, scenarios that are designed in chapter 6 could also impact the
entire life-cycle, resulting in effective data utilisation in subsequent departments as well. If this is
the case, this will be elaborated in the explanation of the designed scenario, which often results in
more specific data utilisation.
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FIGURE 13: Data utilisation in other phases of the project life-cycle

4.3.1 Clients and house owners

For clients and house owners, accepting the initial quote results in a development agreement. This
initial quote plays a pivotal role in decision-making processes, providing a crucial go or no-go
moment for the clients. It allows them to make informed decisions about their final selections.
Furthermore, clients, often acting as the main contractors of the project, can utilise the quote for
scheduling purposes, both in terms of costs and time. Improvements in the accuracy and speed
of cost estimations can significantly facilitate decision-making and scheduling activities. These
benefits are illustrated in Figure 13, where cost estimation data is shown to enhance decision-
making processes and scheduling capabilities.

4.3.2 Engineering and energy departments

The engineering and energy departments benefit from the initial cost estimation processes by util-
ising them as a foundation for their conceptual engineering tasks. In PreFab and PreModu, this
involves integrating Navitect, which are Emergo’s own developed solar panels. Besides, in PreFab,
cost estimators perform preliminary engineering tasks, dividing the roof into elements and con-
duct intial construction calculations. In PreModu, the process begins with a preliminary design,
which is then refined into technical designs within the engineering department for all Mechanical,
Electrical and Plumbing components. In Figure 13, the energy department has similar benefits
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for MEP engineers, namely the conceptual foundation. In summary, engineers verify and develop
these initial decisions of cost estimators or BIM modelers. If necessary, the engineer makes adjust-
ments based on their expertise. Therefore, accurate and comprehensive data from cost estimators
minimises the need for rework by and improves the overall efficiency of engineers.

4.3.3 Purchasing, production and assembly departments

The purchasing, production, and assembly departments rely on the initial selection of component
types, materials, and quantities for their scheduling activities. Typically, orders are placed around
five weeks after the final drawings are completed. Production begins in the Emergo factory during
the last week of the purchasing timeframe, followed by delivery and on-site assembly the week
after production. Improvements in cost estimation accuracy reduce errors in subsequent processes.
Additionally, integrating data between these departments could potentially automate scheduling
activities. However, this automation relies on the accuracy and completeness of the cost estimation
process. Ultimately, efficiency enhancements can lead to improved scheduling capabilities across
departments, as illustrated in Figure 13.

4.4 Conclusion

In this chapter, stakeholder goals are translated into tangible treatment requirements that realises
enhanced cost estimation processes. Thus, research question (2) What are the needs and treatment
requirements of potential scenario’s for both cost estimation processes? has been answered. For
PreFab, the final treatment requirements are shown in Table 4.2 while the final treatment require-
ments for PreModu are shown in Table 4.3. These requirements are used to select and combine
BIM uses into scenarios, and verifying the scenarios after the designing them.

Enhancing cost estimation processes impact the entire life-cycle of a project, where the utilisa-
tion of cost estimation data in crucial subsequent departments are highlighted in Figure 13. Addi-
tionally, chapter 6 expands this elaboration on effective data utilisation during the explanations of
scenarios, and their impact on other departments.
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Chapter 5

Selecting BIM scenarios

In this section, potential BIM uses are collected that potentially could contribute to Emergo’s
cost estimation process. Subsequently, the potential uses are clustered into BIM-based scenarios,
which are applicable in Emergo’s context. Hence, this chapter is the last step before the design
phase ignites, resulting in an overview of the scenarios that need to be designed. The following
research questions are thus answered:

3. Which BIM-based scenario’s can be used and adapted to achieve desired requirements?

(a) Which BIM uses can be be harnessed to address the challenges and improve the effi-
ciency of the calculation processes within both PreModu and PreFab project

Research question 3 is not entirely answered in one chapter. Sub-questions (b) and (c) are answered
in the chapter 6 for readability.

These BIM scenarios are then further unraveled in their general methodologies, specific work-
ing in Emergo’s context, and finally, their conditions and values are examined. The conditions are
the resources and technologies that need to be established to facilitate the working of each scen-
ario while the value are the direct and indirect benefits on Emergo’s cost estimation or connected
processes.

Finally, these scenarios are evaluated in consultation with stakeholders from Emergo, verifying
and validating the scenarios. If necessary, the working, conditions and values are adapted or fur-
ther supplemented.

5.1 Potential BIM uses

In exploring solutions aligned with design requirements, potential applications of BIM in cost
estimation processes were identified through literature review, where search terms are detailed
in Appendix B. These applications, considered primary tools, directly influence cost estimation
processes. However, adaptation or development is necessary to tailor them to Emergo’s needs.
Often, complementary BIM concepts are essential for optimal functionality, such as establishing
comprehensive databases or ensuring data quality through model checkers.

Moreover, drawing from previous research!, Emergo has pinpointed relevant BIM applications
crucial to their business strategy. These preferred applications, outlined in Table 5.1, reflect
Emergo’s strategic directions. As advancements in cost estimation must align with Emergo’s plans,

LBIM Uses in Modular Construction
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BIM applications connected to cost estimation processes are of particular interest. For example,
Emergo emphasises "Author design" applications, enabling BIM software to create enriched 3D
models using parametric modeling or generative design techniques. Thus, BIM applications from
Table 5.1 that are affecting or affected by cost estimation outcomes, are considered in exploring
potential uses.

Author Design Developing 3D-Models, Parametric, and Generative Design

Coordinate Design Model Clash Detection and Coordination

Automate Creation of Construction Documents | Generating Production Drawings and Instructions

Linking and Extending Connecting ERP, Calculating, and 3D Configurator, and Buying Processes
Fabricate Product Quality Control, Production

Author Cost Estimate Automate Cost Estimations, and Online Selling Process by configurator
Author 4D Model Instructions

TABLE 5.1: Prioritised BIM uses by Emergo, according to former research

Hence, BIM applications can be categorised into three main types: primary ones directly improv-
ing cost estimation, supportive ones aiding data accessibility, and those that interact with cost
estimation processes. These relationships are depicted in Figure 14. While primary and some
supportive uses stem from literature research, others are recognised through prior research’ as
supportive or influential in BIM’s role.

Affecting BIM uses: Primary BIM uses: Affected BIM uses:

BIM uses influencing cost Direct BIM uses during the cost BIM uses influenced by cost
estimations estimations estimations

FIGURE 14: A scenario, a combination of related of BIM uses with cost estimation as
main environment

In summary, the interconnected BIM applications depicted in Figure 14 play a vital role not only
in improving the cost estimation process, but also in broader implementation contexts. These
applications can be combined to form scenarios, which may involve a single or multiple BIM uses
tailored to the needs of PreFab or PreModu cost estimation. All relevant BIM applications are
detailed in Table 5.2. This list is preliminary, and as the scenarios are derived or expanded upon,
additional related BIM uses may be identified.

2BIM Uses in Modular Construction and at Emergo (Working Paper) (Ketabi, 2023)
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1))

BIM uses for design, affecting cost estimation

Name

Design Configurator

Description

Develop an interface with predefined
design options that reveals a conceptual
design and corresponding costs based on
a kit-of-parts library (tasveld). This in-
terface can combine multiple concepts
and their variations into a project design

Source(s)

(Cao et al., 2021; Farr et al., 2014)

Parametric modeller

Develop, generate or change designs by
using parameters, internal relationships
and/ or formula’s

(Wahbeh, 2017; Park, 2011)

Generative design

Using BIM software tools to run al-
gorithms and simualate many design op-
tions that need to be explored

(Zarzycki, 2012; Ma et al., 2021)

Automate creation of construction docu-
ments

BIM uses for cost estimations

5

Model viewer

Automatically generating production
models, drawings or instructions based
on the architectural model

3D Visualisations of BIM models to
visualise components for the employee
during cost estimation processes

(He et al., 2021; Deng et al., 2021)

(Jiang, 2011; Wu et al., 2014)

Quantity Exports

Translating the BIM model into a simpli-
fied initial bill of quantities, which can
be converted in excel worksheets or CSV
files. All components are extracted

(Jiang, 2011; Wu et al., 2014)

Information TakeOff (ITO) Tools

Specialised takeoff tool that extracts and
visualises the desired takeoff diagrams,
which can be analysed in excel work-
sheets or CSV files. Only desired and
filtered data is extracted

(Jiang, 2011; Wu et al., 2014)

BIM-based estimating software

Use a cost estimation tool that is capable
of reading and utilising BIM models to
perform cost estimations

(Jiang, 2011; Wu et al., 2014; Sepasgozar
etal., 2022)

5D BIM

Include or connect cost data into or to
BIM models, expanding beyond the tra-
ditional 3D dimensions (height, length
and depth) and time data

(Sepasgozar et al., 2022; Lawrence et al.,
2014)

Parametric estimation models

BIM-based cost estimation prediction
models based on algorithms that are able
to predict cost rather than calculate them

(Elmousalami, 2020; Zhao et al., 2020)

11

BIM-based LCC

BIM uses affected by cost estimations

Estimate all the life-cycle costs, from
construction until disposal of a building
based on BIM

(Lee et al., 2020)

12

BIM design analysis

Implementing BIM for decision-making
processes where designs could be as-
sessed with costs as a criteria

(Lee et al., 2020)

13

Author construction site logistics plan-
ning

Supportive BIM uses

14

Model checking

BIM-based logistics and on-site planning
or simulations for scheduling purposes
(cost and time), affected by the estimated
costs for the construction phase

Check and assess the value of BIM mod-
els on the design quality (clashes) and
semantic requirements, which could be
used to determine if the model is usable
for cost estimation processes

(Wang et al., 2016)

(Wu et al., 2014)

Convert 2D drawings to 3D BIM models

Tools or softwares that are able to gener-
ate 3D BIM models based on imports of
2D CAD files

(Jiang, 2011)

Develop cost libraries

Finish and standardise cost libraries to
estimate standardised objects and pro-
cesses to achieve automatic cost estim-
ations

(Sepasgozar et al., 2022; Lawrence et al.,
2014; Wang et al., 2016)

Develop component library

Develop and standardise a modular ob-
ject family tree in BIM design software
to standardise all components that are
used

(Sepasgozar et al., 2022; Wang et al.,
2016)

Linking and extending

Connect cost databases to design data-
bases or design interfaces.

(Sepasgozar et al., 2022; Lawrence et al.,
2014; Wang et al., 2016)

TABLE 5.2: Potential scenarios that influence cost estimation processes
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Various BIM applications are examined, all related to the cost estimation process in some way.
First, there are affecting BIM uses, which influence but are not part of cost estimation activities.
For instance, BIM design uses (use 1, 2, and 3) can provide essential data such as components
and quantities, impacting cost estimations. Conversely, BIM use 8 offers more design flexibility,
indirectly affecting cost estimations by influencing project designs.

Secondly, there are direct BIM uses for cost estimations that enhance outcomes or the process
itself. BIM uses 5 til 11 are applications from literature that can be directly used during the estim-
ations of costs. BIM use 5,6 and 7 address the uses that are more straightforward than other uses,
namely quantity exports, information takeoff tools and using visualisations. These uses looked
promising, but considered to have limitations. The uses usually rely on manual interference’s
and data manipulations (Lawrence et al., 2014; Monteiro and Pogas Martins, 2013). Recently
examined techniques addressed by (Sepasgozar et al., 2022) focus more on automatic cost estim-
ations through linked data, algorithms or data frameworks. These concepts are more related to SD
BIM, where components are connected to cost data (Sepasgozar et al., 2022).

Additionally, there are BIM uses affected by the cost estimation processes, which are influenced
by potential improvements. Uses 12 and 13, for instance, rely on cost data for scheduling or
optimisation purposes. Improved cost estimations could facilitate cost analysis, planning, or op-
timisation efforts, enabling better decision-making for projects.

Lastly, there are supportive BIM uses that facilitate the functioning of direct BIM uses by provid-
ing or automating data exchanges. BIM uses 14 to 18 ensure necessary data availability and data
integrity, essential for effective cost estimation processes.

5.2 Combining BIM uses

Potential BIM uses have been examined and in this section, the they are evaluated, selected and
clustered into BIM scenario’s. The following strategy has been applied to obtain the BIM scen-
ario’s:

1. Check which BIM uses are compatible with the characteristics of PreFab’s or PreModu’s
cost estimation process. Incompatible BIM uses can not be selected for the scenario’s

2. Check which BIM uses could fulfill certain treatment requirements.

3. Make a selection of BIM uses that collectively ensure that all requirements are met. The
least number of BIM uses are pursued

4. Cluster the selected BIM uses into BIM scenario’s. The clusters have been determined on
the primary BIM tools that are remaining. These tools affect the cost estimations process
directly or drastically.

5.2.1 Compatibility check with process structures

First of all, the compatibility to PreFab and PreModu’s cost estimation processes. Thus, a certain
BIM use have to fit into one of the current cost estimation process, as well as the development
plans of Emergo. In other words, the BIM use has to hold on to or exploit the strong points and
should reduce or not expand the issues of a process (Table 3.9). A complete overview of the
compatibility check is shown inTable C.1 under Appendix C.
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5.2.2 Requirement analysis

Secondly, the degree a BIM use corresponds to the design requirements for PreFab and PreModu,
noted in Table 4.2 and Table 4.3, respectively. This action reveals the treatment requirement(s)
that each BIM use can realise.

5.2.3 Selection and clustering of BIM uses

Finally, the BIM uses are selected based the compatibility and requirements check. Incontrovert-
ibly, the design requirements must be met, urging the need to check which combination of BIM
uses meet the requirements. Additionally, incompatible BIM uses are not available anymore, nar-
rowing the possibilities to choose from. Figure 54 and Figure 55 highlight the BIM uses which
are chosen according to the compatibility and requirements check. An additional explanation is
provided in section C.3.

Subsequently, the list of selected BIM uses (Figure 54 and Figure 55) must be converted to clusters,
or in other words, the scenario’s. This is done by dividing the primary BIM uses that are directly
affecting the cost estimations into separate scenario’s. The primary tools are supplemented with
the necessary supportive, affecting or affected BIM uses.

For PreFab, BIM use (7) ITO tools and (2) Parametric modeler are the remaining main tools,
both affecting the cost estimation process in a direct manner. Nevertheless, they are not used in
similar applications and are derived in different scenarios.

For PreModu, BIM uses (7) ITO Tools, (9) SD BIM are considered as the remaining primary
BIM uses tools, as these BIM uses are contributing to the cost estimation in a direct manners.
This observation already requires two scenario’s. One for ITO, exploiting automatic measure-
ments, and one for 5D BIM, more focused on automated cost estimations. Finally, despite that (1)
Design configurator is not a primary BIM use for cost estimations, it affects the cost estimation
process drastically, opening the door for integrated cost estimations. Costs and design could be
integrated, which asks for a new scenario, namely, integrated cost estimations. The scenario’s are
supplemented with the BIM uses that further realise the treatment requirements.

5.2.4 Selected Scenario’s

Table 5.3 outlines the scenarios examined within this research for PreFab’s cost estimation process.
Scenario O represents the current state of the process. The other scenarios focus on a single primary
BIM use, supplemented with sub-uses to optimise functionality. For instance, merely using an
Information Takeoff (ITO) tool isn’t sufficient for improved outcomes. It requires support, such
as a comprehensive BIM model.
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PreFab As-is scenario

As-is scenario: Using several cost estimation systems (Excel, ERP, Timber estimation soft-
ware X) that rely on manual measurements and component quantification’s, requires manual
linking of data to align databases and no usage of BIM models

Requirement ID:

PreFab Scenario 1: Information Take Off

Main BIM use

ITO Tools: Extracting data out of BIM models delivered by the client and import this data
into the cost estimation software to reduce or avoid manual measurements or counting

Sub BIM use(s)

Model Checking: Since BIM models can vary in how they are derived, checking BIM  R1.3

models could be useful to determine the usability. A model could be checked on the quality

and clashes as well as classification of components

Develop cost library: Ensure that costs are estimated using standardised material compos-  R2.1

itions and thus standardised costs. Avoid the need to manual derive costs for the extracted

quantities

Linking and extending: Realise that received datasets could be used automatically within ~ R2.2,R4.1, R4.3
the cost estimation process to avoid manual data exchanges

R1.1,R3.1,R3.2,R4.1, R4.2

. . Requirement ID:
PreFab Scenario 2: Generating Roof Model and Elements

Main BIM use

Parametric modeller: Generating BIM models through parametric modelling instead of  R1.1, R1.2,R3.2, R4.1, R4.2,R4.3
manual measurements to derive solutions, which could be utilised if the client does not

deliver a BIM model or this is insufficient

Sub BIM use(s)

Quantity Export: Extract data out of the generated roof model, which is then usable for ~ R1.1, R3.1,R3.2, R4.1, R4.2
cost estimations

Develop cost library: Ensure that cost models are able to calculate the derived standardised ~ R1.4, R2.1

components and elements

Develop component library: The parameters that are generating BIM models must consist ~ R1.4,

of a combination of standardised objects

Linking and extending: Realise that the resulting dataset out of the generated BIM models ~ R2.2,R4.1, R4.3

could be applied automatically within the cost estimation processes

TABLE 5.3: BIM Scenario’s for PreFab’s cost estimation process

The first scenario involves extracting specific information from a BIM model using the ITO tool.
This structured approach filters on the desired information without generating a full list of all
quantities. However, the extracted information must link to cost data for effective cost estimation,
requiring a developed cost library. Smooth integration with cost estimation models and databases
is essential, necessitating to include the linking and extending BIM use. Finally, since this scenario
deals with external BIM models, a BIM use has to ensure that the models are indeed complete and
usable for information takeoff’s. Hence, model checking is selected as BIM use as well

In the second scenario, Emergo utilises a parametric modeler to create or adapt roof models
automatically, adhering to standardised material compositions. These roof components are com-
posed out of timber-framed construction elements, where automatic element division occurs. Sub-
sequently, the generated roof model needs to be translated into cost estimation language, typically
Excel, necessitating quantity exports. Although the quantity export aids in cost estimation, the
parametric modeler remains the cornerstone of the process. The results from the quantity exports
must be compatible with the cost estimation model. Thus, developing the cost estimation model
and library becomes imperative to ensure that each component correlates with a corresponding
cost item. Moreover, establishing a comprehensive component library is essential to encompass
all material compositions within the parametric modeler. To facilitate interoperability, the results
from this scenario need to be transferable between systems using a universal format. Therefore, in-
corporating linking and extending functionalities becomes crucial to ensure smooth data exchange.
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The PreModu cost estimation processes encompass three additional scenarios alongside the as-
is scenario. Table 5.4 outlines these scenarios, denoted as Scenario O for the as-is state, and
Scenarios 1, 2, and 3, which incorporate various combinations of BIM uses and their supporting
sub-uses.

PreModu As-is scenario

As-is scenario: Using an Excel model that includes quarterly pre-calculated components and options
in combination with project-dependent manual calculations. Quarterly updates are manually executed
and connected. No/limited usage of BIM during cost estimations

Requirement ID:
PreModu Scenario 1: BIM Information TakeOff

Main BIM use

ITO Tools: Extracting data out of BIM models that are modelled on behalf of Emergo. This data can ~ R7.1,R7.2, R7.3
be used to avoid manual project-dependent measurements for the project-dependent calculations

Sub BIM use(s)

Develop cost library: Ensure that costs are estimated using standardised components and thus stand-  R6.4, R7.4
ardised costs calculations that fit the extracted information. Avoid the need to manual derive costs for

the extracted quantities

Develop component library: Realise a component library to ensure the ability of standardised ITO  R6.1
procedures.

Linking and extending: Realise that received datasets could be used automatically within the cost R5.2,R5.3,R7.3
estimation process to avoid manual data exchanges

Requirement ID:

PreModu Scenario 2: Automated Cost Estimations

Main BIM use

5D BIM: Integrate or connect cost data with objects or modules, resulting in automatically estimated
cost estimations and updates when designs are changed

Sub BIM use(s)

BIM-based estimating software: Software or tool that is able to automatically translate designs/ BIM- ~ R5.4

models into costs

Develop component library: Realise a complete project-exceeding standardised component library, ~ R6.1

where no components are unknown or unique. This is the input for the cost estimations

Develop cost library: Realise a complete cost library, resulting in the fact that all components or  R6.4, R7.4
modules could be connected to costs. Hence, no manual cost predictions are necessary

Linking and extending: Connected databases to realise that the estimated costs are dynamic instead of ~ R5.2, R5.3,R7.3
static. Meaning that estimations are up-to-date

R6.2,R6.3,R7.2,R7.3

Requirement ID:

PreModu Scenario 3: Integrated cost estimations with design phase

Main BIM use

Design configurator: A platform or interface where PreModu house types can be combined, including  RS5.1, R5.2,R7.2
all variations. The combinations are visualised in conceptual designs including estimated costs of the

project.

Sub BIM use(s)

5D BIM: Integrate or connect cost data with objects or modules, resulting in automatically estimated = R6.2, R6.3,R7.2, R7.3
cost estimations and updates when designs are changed

Develop component library: Realise a complete kit-of-parts library to compose each combination of ~ R6.1

PreModu variations

Develop cost library: Realise a complete cost library for these modules so that the cost estimations are ~ R6.4, R7.4
predefined instead of manually conducted for every combination.

TABLE 5.4: BIM Scenario’s for PreModu

In the first scenario, similar to PreFab’s initial scenario, an information takeoff (ITO) is performed
at the component level. This involves extracting component types from the BIM model, along with
semantic information and quantity assessment. To achieve standardisation across projects, a com-
ponent library must be developed. This library streamlines the ITO routines, although not every
component requires detailed development; smaller parts like bolts and screws are standardised
within larger components like walls and doors. Emergo oversees the derivation of BIM models,
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which can facilitate the extraction of project-specific quantities such as facade finishing. Currently,
these quantities are manual, but automation is feasible with automatic import or integration with
the cost database. Then, the cost estimation model must support the imports of the resulting ITO
sheets, meaning that develop cost libraries is included as BIM use. Finally, linking and extending
functionalities ensures that data can be exchanged automatically, which complements this primary
BIM tool.

The second scenario focuses on automated cost estimations, leveraging the standardised nature
of PreModu’s house types, modules, and elements. SD BIM is the main uses, connecting cost
data with components in an automatic manner. A BIM-based estimating software is required to
conduct these estimations, as these software have direct access to BIM models and cost data. By
utilising preliminary BIM models, cost estimations per project can be automated. However, this
necessitates connecting BIM model information to cost data, requiring complete and integrated
component/module and cost libraries. Obviously, linking and extending supports the entire work-
ing of this BIM use, ensuring that cost or component data can be exchanged from one to another
database.

The final scenario is about integrating cost estimations with design variations through a design
configurator, which is also the primary BIM use. This scenario utilised 5D BIM methods to con-
duct cost estimations. Yet, this scenario is slightly different as cost etimations are shifted towards
the design phase. It can be used earlier on, where clients or Emergo’s employees are able to make
desired house type combinations and receive the projected costs immediately. This scenario is
considered to derive conceptual designs, rather than detailed ones. It depends on the accuracy
and completeness of component and cost library how detailed this design could be. Clearly, these
concept are thus considered as supportive BIM uses. Another value this scenario can have is BIM
design analysis, since the design configurator could be used to derive multiple designs and assess
them on for example costs. Yet, the BIM use is not further elaborated as it more considered as a
benefit, rather than a necessary tool.

5.3 Conclusion

In this chapter, 3(a) Which BIM uses can be be harnessed to address the challenges and improve
the efficiency of the calculation processes within both Premodu and Prefab projects? is answered.
The scenario’s (combination of BIM uses) revealed in Table 5.3 and Table 5.4 are selected as scen-
ario’s that are going to be further examined and designed. These scenario’s are considered to be a
combination of compatible and suitable BIM uses that cover the treatment requirements. The ini-
tially selected scenarios have undergone validation through discussions with multiple stakeholders
of Emergo. During these consultations, the established scenarios were collectively agreed upon,
with no additional BIM uses identified that were excluded or left unmentioned.

Also, the scenario’s have been initially verified in terms of the treatment requirements. However,

final verification of the scenario’s is conducted after the scenario’s have been further developed,
providing the verification more input.
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Chapter 6

Scenario Design

In this chapter, the design of treatment can be started as the established scenarios are derived.
The scenarios are designed including an initial practical proof of concept, resulting in additional
insights. This chapter contributes to gain insights per scenario, ensuring the ability to evaluate
and assess each scenario. The remaining sub-questions of question 3 are answered while (a)
is answered in chapter 5. The following questions are answered, completing research question
number 3.

3. Which BIM-based scenarios can be used and adapted to achieve desired requirements?

(b) What are the necessary conditions and challenges to facilitate BIM and which value
come with the successful implementation of these solutions?

(c) To what extent do the proposed scenario’s align with the identified design requirements
and effectively mitigate challenges in cost estimation processes for both Premodu and
Prefab projects?

The scenarios are devised as interventions, following the framework outlined by Wieringa (2014).
This phase of the research demands a blend of creativity and expertise from the researchers. How-
ever, it is underpinned by insights gleaned from literature, particularly through real-world case
studies, workshops facilitated by a BIM expert, and online tutorials. The insights acquired from
these sources are then tailored to suit the specific context of Emergo’s cost estimation processes.
Simultaneously, the scenarios are tested with real PreFab or PreModu projects from Emergo,
which could adapt or finalise the scenarios.

Each scenario is derived and tested in the context of Emergo, including a step-wise plan that reveals
how the scenarios work. These step-wise plans are tested with real projects of Emergo, supple-
menting the theoretical implementation with practical examples as a proof of concept. Based on
how each scenario works, the necessary conditions are determined. Additionally, based on the
working and practical proof, the value’s per scenario can be derived. This entails what benefits
each scenario can contribute to. Each scenario should be examined according to a similar structure.
The following structure is used to examine the scenarios and their applicability for Emergo:

1. Working for Emergo: The approach of the scenario is translated into the environment and
processes of Emergo. Practical examples are examined, such as test cases. The BIM use is
tested for Emergo’s cost estimation processes, resulting in an overview of how the methods
can be used for PreFab or PreModu

2. Conditions: The general approach and test cases of the BIM scenarios should result in
general conditions and specific conditions for Emergo. These conditions support an effective
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working of the BIM scenario. These conditions are structured among categories, which
could overlap between scenarios. Therefore, conditions are labelled and reused if this is
necessary, where Table 7.1 summarises all conditions per category and scenario.

3. Process changes and value: The scenarios are examined from a management standpoint to
identify necessary process changes and the value they bring. This analysis involves modi-
fying the original flow chart of the cost estimation process to simulate a hypothetical imple-
mentation of the scenario. Subsequently, the new flow chart highlights the process changes,
while any reduction or elimination of existing issues implies value gained from the scenario.

4. Summary of the scenario: Finally, as a conclusion, a summary of conditions and value per
scenario is derived in tabular form. Final remarks are made.

The final scenarios underwent validation through consultations with multiple Emergo stakehold-
ers. This iterative process refined the value propositions and conditions, addressing any new find-
ings or adjustments based on stakeholder feedback. Additionally, stakeholders discussed potential
implementation challenges for each scenario.

Furthermore, a requirements check was distributed to multiple Emergo stakeholders, with all re-
spondents verifying the derived scenarios. For PreFab and PreModu, the scenarios were evaluated
against their intended goals to ensure they indeed represented improvements to current cost estim-
ation processes. Lastly, stakeholders were asked for their preferences regarding specific scenarios
per branch, providing input for the subsequent roadmap development.

6.1 PreFab 1: Information TakeOff’s

The first scenario focuses on information takeoffs (ITOs) for PreFab, with the term "ITO" chosen
to emphasise the inclusion of alphanumerical information alongside materials and quantities. sub-
section 6.1.1 details how the scenario operates within Emergo, subsection 6.1.2 outlines the ne-
cessary conditions, subsection 6.1.3 discusses the required process changes and potential value of
this scenario, and subsection 6.1.4 concludes by summarising the conditions and values.

6.1.1 Working in context of Emergo

A schematic overview of how scenario 1 operates is provided in Figure 15, illustrating its work-
flow. The scenario begins with a developed BIM model as input, with the ITO definition and data
processor ensuring that data is accurately extracted and translated into Emergo’s cost estimation
systems. To examine the possibility to exploit ITO’s for Emergo, 3 random real PreFab projects
are tested.

Input: BIM  Checked and classified BIM model with semantic Cost estimation

model alsfesis ITO Definition Data processor EEmS

&= EmEQ-J 8-

FIGURE 15: Schematics of the working of scenario 1
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Step 1: Open BIM model

The BIM models are delivered by the client during quote request, which are shown in Figure 16.
Solibri Information Takeoff has been used as the tool to conduct a ITO, which uses IFC as open
BIM schemee to import the data.

Project 1

Project 2 Project 3

FIGURE 16: PreFab ITO test BIM models

Step 2: Quality check of the model

This is where BIM use 14: Model Checking can assist the tool by utilising a standard or custom
rule set that checks the BIM model. A model checker can be used to check the quality of the
BIM model by reviewing duplicates and overlapping elements, unclassified objects, component
information, etc (Pibal et al., 2021). In Solibri, one can test the model on predefined checking
structures or one can create their own checks. Identified issues are summarised in a result summary
and overview report.

v {8] Quantity Take-off
v {8] Deficiency Detection
§ Required Components =
§ Unallocated Areas
» §5] Components Below and Above
{2] Required Components in Spaces
§ Construction Types Must Be from Agreed List = oK

B Inconsistent Component Properties

§ Compenent Thickness Must Be Consistent
g Compenent Profiles Must Be Consistent

§ Door and Window Top Elevation Must Be Consistent

faY
§ Door and Window Dimensions Must Be Consistent A
FaY
§ Wall Heiaht Must Be Consistent A

FIGURE 17: Identified issues project 3

For information takeoff’s, its especially useful to identify duplicate components, inconsistencies
within similar components and unclassified components. The checker provides results in terms of
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critical components and their locations if clashes occur. Figure 17 reveals the issues for project
3, where no critical issues for roof components were determined. After the checks, one can even
classify the unclassified components manually or with a (customised) rule set. This is also done
for the test projects, where unclassified components are manually classified to a certain category.

Step 3: Creating a filter to select necessary components

As shown in Figure 16, the BIM models contain all building elements for an entire house while
Emergo is only delivering the Prefabricated elements and corresponding attachment or construc-
tion materials. Hence, a filter needs to be applied to select the desired components. These filters
could be established in various ways. First of all, Emergo could conduct a classification system
that classifies and groups components based on a set of rules. Figure 18 reveals such a ruleset,
resulting in the classification of components of the BIM model where for example roof and wall
components are grouped. The ruleset could be adapted or expanded to group all the components
that Emergo needs.

& CLASSIFICATION RE DD BE R O o O Cmsetonstng: Gudng demert - ) x
- Setings Clasaifcation Rules Unclassfied Components. Clsafied Components
4 Building Elements - General
- SS00 AvBA®
» @ Coverings

Component  Type Layer Piet'Commonisixtemel  Paet WelCommonlosdiesring  Clasification Neme

» @ External Walls

» © Fixed Fumishings
» O Floor Slabs

» @ Interior Doors

» @ Interior Railings
L & s uen

FIGURE 18: Classification rules and divided model into determined categories

Another way to filter or group components is to rely on standardised classification systems such as
Uniformat, MasterFormat (Monteiro and Pocas Martins, 2013) or the dutch classification system
NL-SfB'. However, these classification settings are determined by the one that established the
BIM model, making Emergo dependent on the client and BIM modeller for correct classifications.

Step 4: Sort and extract necessary data per component

The results can be revealed in multiple ways, dependent on the wishes of the user. The components
can be grouped together if certain semantics are similar. For the test cases, the components are
grouped on "Type", "Width" and "Height", where components are given the same color if all
the attributes are similar. Moreover, "Material" and "Length" are extracted as well, resulting in the
material and total length of similar components, which provides the option to calculate the volume.
In this stage, the cost estimator can even (de)select specific components, to examine components
in an isolated manner. The final components and their predefined or selected attributes can be
extracted and exported from Solibri via an excel file (Figure 19).

INL-SfB 4 cijfers codering
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FIGURE 19: Results of QTO, test project 3

Step 5: Import excel to cost estimation system(s)

The results from Solibri in the form of an excel file can be imported into a calculation model of
Emergo, the Excel model or even in the ERP system. Since decreasing manual modifications and
increasing automatic data transfers are part of the requirements, the results must be automatically
imported and processed in the cost estimation system. Relying on automatic imports exploits the
BIM use 18: Linking and Extending. Especially, when these results can be imported in the ERP
system, where cost data is stored and maintained actively. Moreover, Emergo must succeed in BIM
use 16: Develop cost library, where cost data can be further developed in order to be connected
to the results of the quantity takeoff imports. This use is rather considered as an adaptation of cost
data, rather than establishing new data.

[1] Results from QTO

Ruleset 'BIM Validation - Architectural.cset' is not loaded.
Ruleset 'Intersections Between Architectural Components.cset' is not loaded.

Type Name Type Material DistancetCount  Color
NLRS_37_WIN_RE_CWV_velux dakraam GGL:GGL- MKO4 (780+980)  GGL-MKONLRS hd ¢ 19,31 13
NLRS_37_WIN_RB_CWV_velux dakraam GGL:GGL - MKO8 (780x1400) GGL-MKONLRS hd_: 22,3 5

[2] Data manipulation in Excel

QTO RESULTS Background Processes (Scripting)
Type Name Type Misterial Distance to Mext Floor Count Calor Velux ppeling
NLRS_37_WIN_RB_CWV_velux dakraam GGL:( GGL - MKD4 (780x980) NLRS_h4_aluminium_RAL 7024, NLRS_h4_alun 1931 13 GGL - MKO4 (780x980) GGL MKD4 2070
NLRS_37_WIN_RB_CWV_vel - MK _hd_aluminium_RAL 7024, NLRS_hd_alun 23 a5 GGL - MKOS (780x1400)  GGL MKO8 2070

Translated into Emergo’s Database
Verschillende Ramen Teller Raamtype 1 Rasmoptelling 1}
L MKO4 2070

1 Raam 1
aam 2

OPTELLING DAKRAMEN -

Biok2  Blok3  Blokd  BlokS  Blok6  Biok7

Velux 6L MED4 2070 basis 13 Sparing MK/ PK GGLMKD4 2070 | 13
Velux GGLMKOB 2070 basis 45 Sparing MK / PK GGLMK08 2070 | 45

FIGURE 20: Processing results of ITO, test project 3

Figure 20 Shows the raw data from the results of the quantity takeoff in scheme [1]. In scheme
[2] of the figure, these results are then imported within excel, in a separate sheet of Emergo’s cost
estimation model. Subsequently, the raw data is translated to terms of Emergo by using multiple
formula’s and modifications within Excel. Scheme [3] of the figure reveals the resulting data that
is directly used for cost estimations and automatically extracted from the import of the results of
the QTO. This final step is considered crucial, as it makes the information flow automatic. This
example only revealed the automatic information flow for window objects. Yet, this automatic
way of information processing needs to be done for every component.
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6.1.2 Conditions and developments

In order to make this BIM scenario realistic, several conditions has to be fulfilled. The derived
conditions are derived under the following categories: Quality conditions for BIM models, Condi-
tions for information needs, according to (ISO 19650-1) and Conditions for information takeoff’s
procedures. Explicit conditions are derived under the categories below, where all conditions for
the scenarios are summarised in Table 7.1.

Quality conditions for BIM models

Three issues were identified during the examination of automatic classifications in BIM models
from three different projects. Firstly, different classification methods were observed across pro-
jects, with some using Uniformat and others using NL-SfB (as depicted in Figure 21a). While
related, these systems may yield different results due to variations in their application. Secondly,
as shown in Figure 21b, similar components were classified differently across projects, indicating
inconsistencies in classification standards. Finally, Figure 21c highlights instances where compon-
ents were either not classified or assigned non-existent codes, indicating incomplete or erroneous
BIM models.
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Project 3
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(A) Issue 1: Different classification systems

@ INFO LR RS Hel=lcha]
B Roof.1.52
Hyperlinks Pset_ProductRequirements Pset_CuantityTakeOff Pset RoofCommen
Identification Location Quantities Material Relations Classification
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Building Elements - General  From Classification Rules Roof Slabs
Unifermat Classification Frem IFC 12 daken; niet constructied, hell...

(B) Issue 2: Different classification for similar components

. O o Settings (Uniformat Classifica. ) %
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RVNEAT] Settings Clusséation Bules Uncasslied Companents  Clasifed Camponanis
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(c) Issue 3: Wrong classifications or unclassified components

FIGURE 21: Issues of relying on existing classifications within IFC models of the projects

In summary, these issues in current BIM models are undesired and result in the first condition,
namely C1.1: Correctly classified BIM Models. However, Emergo can also develop their own
filter or classifier to classify every component of delivered BIM models. Yet, this seems to be more
complex and error-prone due to the fact that they still rely on the quality of the BIM model. For
example, if a roof element is modeled as general object, it can already be interpreted differently
by Emergo’s filters.

Besides the classification systems, models can also include errors that affect the cost estimations.
For example, if a roof is modeled as one component or as combination of multiple sub-components
can affect the cost estimations. Therefore, there should be no clashes affecting the cost estimation
in the BIM model. This can be solved by a quality check of the BIM model, resulting in a need of
C1.2: Correctly modeled BIM and the possibility to resolve issues.
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Finally, there is the possibility that a certain component is not modeled in the BIM-model, which
could be present in other documents. These missing components are not checked by the quality
check, and do not appear in the quantity takeoff, making the component excluded from the cost es-
timations. Currently, Emergo states that the PDF drawings leading for the cost estimations in their
agreement of the price. However, a complete BIM model is desired, resulting in C1.3: Complete

BIM model.

Conditions for information needs, according to (ISO 19650-1)

For PreFab, 5 test projects were tested on which data was directly available. Table 6.1 until
Table 6.5 reveals the tables that contain the necessary data to accomplish a PreFab cost estimation
process, supplemented with two columns. The additional columns reveal if a data entry was
available at at least one project or at all projects. Currently, only 22 out of the 114 data categories
were available in all test projects, making it currently unlikely to completely rely on QTO’s, as
these barely reach complete datasets for PreFab’s cost estimation process.

Frame width ] <imeger> | /¥
Blocks in project <integer> v X | Frame height [mm] <integer> v X
Houses in block <integer> v X | Assembly included? <boolean>
Roof Information Data type Any All ‘ Floor Information Data type

Qv10-value in roof [(dm3/s)/m2] <float> X X | Beam distance [mm] <integer>

Rc-value in roof [(m2 K)/W] <float> X X | Span distance [cm] <integer> ? ?
Roof tiles List of 3x <string> X X | Beam strength <string> ? ?
Roof decking plates List of 3x <string> | X
Optional roof decking plates List of 3x <string> X X | Max power per panel [WP] <integer>

Rafter heights [mm] <integer> v X | Number of solar panels <integer>

Roof curb present? <boolean> ? YAl Roof Window(s) Information Data type

Gutter brackets present? <boolean> v X | Window width [mm] <integer> v v
Knee walls present? <boolean> v v/ | Window length [mm] <integer> v v
Wall Information Data type Window height [mm] <integer> v v
Qv10-value in roof [(dm3/s)/m2] <float> Roof slope [degree] <float> v v
Rc-value in roof [(m2 K)/W] <float> X X | U-value glass [W/(m2K)] <float> v X
Sound resistance wall [dB] <float> X X | Window count in block <integer> v v
Fire resistance wall <float> X Pl Roof Dormer(s) Information Data type Any All
‘Wall width [mm] <integer> v v’ | Roof trim <string> v v
Wall decking plates inside <string> X X | Roof outside cladding <string> ? X
Wall decking plates back <string> v ? | Frame opening material <string> ?

Frame opening(s) Information Data type Dormer decking plates <string>

Frame type <string> v Pl Roof Cladding Information  Data type

Frame count per block <integer> v X | Cladding material/type <string>

Frame material List of 2x <string> | X | Cladding count [m] <float> ? ?
Frame location List of 3x <string> | v/ X

TABLE 6.1: Checked data in BIM models, PreFab cost estimation process phase 2

Element Information  Data type EVVARVINIEE  Element Width [mm] <integer> | X X
Element ID <string> X X Element Length [mm] <integer> | X X
Element Type List of 3x <string> v v | Element Slope [degrees] <float> v X
Element Height [mm] <integer> X X Element Count <integer> | X X

TABLE 6.2: Checked data during the division of elements
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Construction Information Data type Any All | Construction Elements Datatype Any All
Roof Ridge Length [mm] <integer> v v Rafter Roof Count <integer> v X
Roof Angle [degrees] <float> v X Purlin Roof Count <integer> v X
Distance (Knee Wall & Roof Ridge) [mm] <integer> X X Dormer Count <integer> X X
Distance (Knee Wall & Roof Trusses) [mm]  <integer> X X Hip Rafter Count <integer> X X
Glulam Beam Count <integer> X X
Walls Count (per height)  <integer> ? ?
Floor Count (per level) <integer> ? ?

TABLE 6.3: Checked data during the initial construction calculations

COC St Roof Trasses ] <imegers | KX
Element ID <string> C.0.C. Size Roof Tile Battens [mm] <integer> X X
Element Count in Block <integer> X X C.0.C. Size Roof Lath Battens [mm] <integer> X X
Element Width [mm)] <integer> X X Add/Adapt any Additional Article <list> X X
Element Height [mm] <integer> v v | Add/Adapt Any Additional Task <list> X X
Element Compostion <liv> | /X
Discount Assembly [%] <integer> X X Construction/ Engineering Costs [Euro] <integer> X X
Discount Machine Hours [%] <integer> X X Distance to Project [km] <integer> X X
Elemem Area Obllque Elements [%] <integer> X Type of Truck List of 2x <string> X X

Number of Tricks equied <imeger> | KX

TABLE 6.4: Checked data Timber Estimation Software X calculations

Roof Window Selection Information Data type EVAVARVN B Roof Anchors in Roof <integer> X X
Window Brand List of 3x <string> v v/ | Glulam Beam in Block <integer> X X
Window Brand Type <list> v v | Stairwell in Knee Walls <integer> X X
Window Frame Opening Type List of 3x <string> v v Cladding Information Data type Any Al
Window Additional Costs <floar> X X Cladding Material List of 4x <string> X X
Dormer Selection Information Data type y Al Cladding Thickness [mm] <integer> X X
Dormer Width [mm] <integer> v X Cladding Length [mm] <integer> X X
Dormer Height [mm] <integer> v v Cladding Width [mm] <integer> X X
Dormer Deph [ <inegers 7/
Material Dormer Roof <list> v X Standard Houses in Block <integer> v X
Material Dormer Cheeks <list> v X Cross Gable Roof in Block <integer> ? ?
Material Dormer Cheeks <integer> v X Perpendicular End Unit in Block <integer> X X
Assembly Information Data type Any All  Glulam Beam Information Data type Any Al
Number of Houses in Block <integer> v X Building Wall Type List of 2x <string> ? ?
Height of Roof [mm)] <integer> v v Glulam Beam Count in Block <integer> X X
Number of Trucks required <integer> X X Length of Glulam Beam [mm] <integer> X X
Floor Levels per Element <integer> X X Solar Panels Information Data type Any All
Type of Roof <list> v X Solar Panel Row Count in Solar Panel Field <integer> v v
Valley Rafter Included <boolean> X X Solar Panel Row Count in Solar Panel Field <integer> v v
Hip Rafter Included <boolean> X X House Count in Block <integer> v X
Roof Gutters Length [m] <float> v v | Window Count in House <integer> v v
Elements in House <integer> X X Less Panel Count in Solar Panel Field <integer> X X

TABLE 6.5: Necessary data Excel calculations

Frequently, available data felt under the category of geometric values, such as height, width and
thicknesses for components, such as windows. For the roof element, the geometric values were
present and could be successfully extracted. Quantities and geometric shapes of the main com-
ponents were present, such as walls and roof components. However, smaller components were
sometimes modeled in a generic way, lacking exact quantities. For example, the F-brackets were
modeled generically, making it impossible to quantify these brackets.

On the other hand, these BIM objects were often insufficient developed in terms of information.
On occasion, some semantics were utilisable, such as the window brand, u-value for windows,
type of roof, dormer material and the type of F-brackets. Still, necessary semantics were often
missing, such as the physical attributes ([Qv-value, Rc-value]) for roof elements. In general, in-
formation development of these elements were considered insufficient.

Additionally, the level of detail was insufficient as well. Material composition, finishing ma-
terials and technical or construction elements were missing or incomplete. For example, the F-
brackets were modelled in a generic way, lacking details on number of F-brackets and type of
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F-brackets, necessary for constructability issues. Additionally, specific roof finishing materials
were not present in the BIM model, such as roof cladding or frame opening materials.

In summary, the current state of BIM models must be developed in terms of completeness, geo-
metry and semantic information. If you examine this the data from Table 6.1 until Table 6.5, BIM
models must be developed at fabrication level, aligning with at least LOD 400> while currently,
the tested BIM models were developed at LOD 200/300. Figure 3 shows the differences per LOD
in an illustration. As seen in the tables, crucial information is lacking. First of all, in terms of
completeness, all components have to be modeled, including the smaller and technical compon-
ents. Secondly, a few geometric values were generic or missing, necessitating improvement for
geometric development. And lastly, semantic information per component has to be developed,
such as physical information of type of materials. Several conditions are necessary that results in
the necessary information for Emergo’s cost estimation process. In fact, Emergo can exploit the
framework of LOIN, included in ISO 19650-1. This lead to three additional conditions for for the
information delivery by the client, namely C2.1: Complete geometric information, C2.2: Com-
plete alphanumerical information and C2.3: Presence of all documents in the right format.
In fact, these conditions stand for a full development of the data that is currently missing, revealed
in Table 6.1 until Table 6.5.

Conditions for information takeoff’s procedures

Emergo needs a standardised flow of information, that realise the required information needs in
a correct way as well as the processing of the data that realises the cost estimations. First of all,
conditions on the quality and completeness of the information are dervied, resulting in multiple
conditions. Secondly, conditions have to be derived that ensure that data is automatically pro-
cessed after the information takeoff.

To start, a standardised model checker has to be developed, checking if the models are indeed
correct and complete. Secondly, a quantity takeoff definition has to be developed, ensuring that
only the necessary components and data is extracted out of the model. Finally, the raw data has to
be readable by cost estimation systems from Emergo, requiring a data processor to translate raw
excel data into objects and cost items in terms of Emergo, as shown in Figure 20 as an example.
C1.1 and C1.2, can be resolved by a model checker, which reveals errors in the BIM-model and
provides the possibility to improve the BIM-model. Still, correct quality and classifications is de-
sired immediately, yet a method should be included that checks the model, highlighting potential
issues to the user. C3.1: A check for classification issues and C3.2: A check for quality of the
BIM should be realised to deal with potential issues.

Secondly, LOIN (ISO 19650-1) has to be maintained within the BIM models, which is achiev-
able in cooperation with the client. However, Emergo can establish a document that expresses the
information requirements. In order to make it entirely reliable on automatic procedures, the data
that is displayed in Table 3.1 until Table 3.5 need to be implemented. Not every data can be im-
plemented within a BIM model, such as the division of timber-framed elements, their names and
transportation costs Emergo is taking into account. However, some can be derived in an indirect
manner if all the other data entries are consistent and included. In conclusion, Emergo should
realise a standard information requirement document that results in the necessary information to
conduct a cost estimation, incorporated within Table 3.1 until Table 3.5). This results in the fol-
lowing condition: C3.3: Establish an information requirement document, according to LOIN

2Level of Development (LOD), originally founded by AIA and adopted by BIMForum
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(ISO 19650-1).

Finally, there are the conditions that realise the data processing capability. C3.4: Standard ITO
definitions has to ensure that the desired data is extracted out of the BIM model. Secondly, data
can be expored into a .xIsx or .csv file, which can be imported in Excel or in the ERP system.
Hence, C3.5: Raw data processing algorithms in cost estimation software are necessary to
translate varying data input into Emergo’s terms and products. Consequently, Emergo have to
achieve standard components and costs items in which the raw data can be translated to, resulting
in C3.6: Standardised and complete component library in cost estimation model and C3.7:
Complete cost items in cost estimation models are the final conditions to exploit this scenario.

6.1.3 Process changes and value

Implementing this scenario in the process structures of Emergo’s cost estimation process brings
several changes and enhancements. Figure 22 reveals these changes.

slomants in
project POF
KChange Editor]

POF Xchange
-

Current process outline New process outline scenario 1

Changed process task Reduction of issue(s)

FIGURE 22: Old process outline vs. new process outline, PreFab scenario 1

Implementing this scenario in Emergo’s cost estimation process brings several changes and en-
hancements, as depicted in Figure 22. Instead of manual counting, measurements, and estimations,
the process relies on automatic information extraction from the BIM model as its cornerstone.
Thus, elements, or information from elements, are automatically measured and quantified, result-
ing in the value of Automatic measurements and Automatic quantification. Initially, inform-
ation within the BIM model is extracted, potentially aiding in element division or timber-framed
calculations in Timber estimation software X. However, while this scenario streamlines certain
tasks, it cannot fully replace them on its own. Subsequently, the results from the QTO and Timber
estimation software X are imported into Excel for cost estimation. This automation reduces the
reliance on manual processes, Thereby enhancing Accuracy and it makes the process Potentially
faster.
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6.1.4 Summary of scenario

In summary, the resulting value the cost estimation process obtains through implementation of
scenario 1, and the conditions a proper working of the scenario can be found in Table 6.6.

C1.1: Correctly classified BIM Models Automatic measurements
C1.2: Correctly modeled BIM Automatic quantification
C1.3: Complete BIM model Accuracy

C2.1: Complete geometric information Potentially faster

C2.2: Complete alphanumerical information

C2.3: Presence of all documents in the right format

C3.1: A check for classification issues

C3.2: A check for quality of the BIM

C3.3: Establish an information requirement document, according to LOIN (ISO 19650-1)
C3.4: Standard ITO definitions

C3.5: Raw data processing algorithms in cost estimation software

C3.6: Standardised and complete component library in cost estimation model

C3.7: Complete cost items in cost estimation models

TABLE 6.6: Value and conditions that Scenario 1 entails

The major risk of this method is the components that are not modeled in the building information
model, as this method completely relies on this model. In other words, components that are not
modeled are not taken into account. Currently, Emergo is dealing with a similar situation where
the cost estimator relies on the 2D drawings in PDF. This is also noticed in the quote and during
the acceptance of the quote. Similarly, this has to be included when this method is implemented.

6.2 PreFab 2: Parametric roof modeler

The second scenario addresses automatic generation of roof models and elements, divided among
two sub-scenarios. subsection 6.2.1 details how the scenarios operate within Emergo, subsec-
tion 6.2.2 outlines the necessary conditions, subsection 6.2.3 discusses the required process changes
and potential value of the scenarios, and subsection 6.2.4 concludes by summarising the conditions
and values.

6.2.1 Working in context of Emergo

Varying data input and quality via client responsibility and thus dependability are threats for con-
ducting PreFab cost estimations. A solution could be to generate data through the automatic
modeling ofroof models. In this way, Emergo is control of deriving BIM models and reduces
the dependency on the information delivered by the client. Or, this scenario can be implemented
whenever there is no BIM model at all, necessitating the generation of BIM models. As not all ob-
ject can be automatically modeled, the decision has been made to focus on the timber-framed roof,
and it’s automatic division into elements. Dividing the roof into sub-elements is time-consuming,
manually and error-prone and leads to the task of measuring each specific element. Parametric
modelling could be implemented to handle the division of elements automatically.

This scenario can be organised into to sub-scenarios, namely modeling from scratch or model-
ing with a BIM model as an input. scenario 2(a) focuses on a start from scratch, where a roof is
completely generated by using input parameters. On the other hand, scenario 2(b) uses the exist-
ing BIM model, extracts the outline of the roof and creates an overlay to derive new roof elements.
Scenario a is derived as proof of concept while scenario b is described in theory, due to a lack of
time. The scenarios are derived in general context, as it should be applicable for every roof, and
thus every project at PreFab.
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Thus, this scenario has unraveled itself into two sub-scenarios, shown in Figure 23. The two
scenarios distinguish themselves by various input methods, which must be supported by different
scripts. The aim and the result are similar. scenario (a) uses measured input parameters and starts
building a model from scratch while scenario (b) creates an overlay of the roof from an existing
BIM model.

Input parameters ) List of elements DEIE] Cost estimation
BIM Model
and quantities processor systems

» Roof dimensions f——=

» Number of houses -
» House dimensions <script>

List of elements Data Cost estimation
and quantities processor systems

= =

FIGURE 23: Scheme of the working of scenario 2 for PreFab

Script BIM Model

=M
EmM = (==

Step 1: Decide on input parameters

Obviously, the parametric modeler must have some standardised input parameters for generating
roof models. These must not be too extensive, as this will only take more time and will eliminate
the purpose of the modeler, namely saving time and automating tasks. for scenario 2(a). The data
that needs to be collected and filled in by the cost estimator is as following:

¢ 1) Number of houses

¢ 2) Width of houses in between [mm]

¢ 2) Width of houses on the corners [mm]

* 4) Roof depth [mm)]

* 4) Roof element height [mm]

* 4) Relative height of the start of the roof [mm)]
* 4) Roof type

* 5) Are knee walls present?

* 5) If yes; height of knee walls [mm]

* 5) If yes; Type of knee walls

In contrary to scenario a, scenario 2(b) uses an existing BIM model as input. More specifically,
the geometry and outline of the roof elements. Yet, the entire BIM model is taken as input the
modeler must filter out the roof element(s) automatically. An example of a BIM model in can be
found in scenario 1, specifically in Figure 16.
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Step 2: Develop Dynamo script that determines the outline of roof elements

For scenario 2(a), a Dynamo script has been created to simulate and proof the concept this scen-
ario, whereas deriving the entire scenario would be too time-consuming for the scope of this re-
search. The script is able to translate the determined input parameters into the desired roof model.

In this proof of concept, A BIM model consisting of the base of the roof and the knee walls
are generated, where each component type consists of multiple elements. In reality, roof elements
are also divided among the intersections of houses. Therefore, roof components are divided into
elements that each cover one house. Additionally, the houses on the edge vary in size from the
houses that are in between, which is modeled as well. Obviously, Prefabricated roofs can vary in
size and shape that is beyond the possibilities that can be generated with this script. Yet, this roof
generator proves the concepts as it is able to generate a 3D model that consists of roof and wall
components, that divides these building components into a desired number of elements and that
supplements the elements into correct relative coordinates.

For scenario 2(b), a similar script can be created as well. However, instead of input paramet-
ers that have to be manually provided by the cost estimator, the script must be able to read an IFC
model. In Dynamo this is possible, and the script can also extract desired roof elements from the
BIM model as well. A possible workflow of such a script can be as follow:

1. Create a Dynamo node that allows you to select a file from your hard drive
2. Create a script that extracts the roof element(s) from the BIM model
3. Translate the roof elements into points, polygons, or polysurfaces containing coordinates

4. Create new roof elements based on these extracted points in your coordinate system, which
can be adapted

Step 3: Develop object library and add this to the script

This step is similar for scenario 2(a) and (b) and is necessary to translate roof elements into
Emergo’s standard material compositions. Within Revit, an object family can be created, which
is aligned with (17) Develop component library since this considers standard type of elements
or materials. Emergo can create a library with their standard material compositions for timber-
framed construction elements. Subsequently, the cost estimator can select these element types for
the generation of the model. Currently, the proof of concept is limited to the generic roof types
to cover (17) Develop component library. Figure 24 reveals that material compositions can be
included as input to determine the material of the generated roof elements. Yet, Emergo does not
have a Revit family containing their standard material compositions for PreFab, which results in
the need to implement standard revit roof compositions into the script.
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4) Dak: Type v/ Generic - 300mm -
¥ Generic - 225mm
¥ Generic - 300mm
Generic - 300mm - Filled
Generic - 450mm

M_Insulation on Metal Deck -
EPDM

M_Steel Truss - Insulation on

Metal Deck - EPDM
Sloped Glazing

Wood Rafter 184mm - Asphalt
Shingle

Wood Rafter 184mm - Asphalt
Shingle - Insulated

Wood Rafter 235mm - Asphalt
Shingle

Wood Rafter 286mm - Asphalt
Shingle

FIGURE 24: Including roof material compositions into the Dynamo script

Step 5: Connect dynamo script to dynamo player

Again, this step is similar for scenario 2(a) and (b). Figure 56 under Appendix D reveals the
Dynamo script that is created to generate roof models for scenario 2(a). In this script, input and
output nodes are tagged, which is necessary to reveal them in the Dynamo player. The Dynamo
player can eventually be opened in any new Revit project, allowing the users to exploit the script
without seeing the entire background process.

If all input parameters are defined, the cost estimator can press run and the model is generated,
which can be viewed in cross-sectional elevations or in 3D. Furthermore, the cost estimator can
examine dimensions of each element such as a specific area of a roof element, the slope of the roof
or the length of knee walls. Figure 25 and Figure 26 highlight two examples of generated roof
models. The first example considers a steep roof for 3 houses, where the middle house is relative
smaller than the other two, without considering knee walls. The second example contains a roof
that is more flat, for 5 houses, where the houses on the edge vary in size, including knee walls.
Moreover, a different roof type has been selected for both test projects.
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FIGURE 25: Generating a BIM model, example 1
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FIGURE 26: Generating a BIM model, example 2

Step 6: Utilise model by extracting data

Simultaneously, this step is equal for both sub-scenarios, which is to translate the model into data.
The cost estimator can extract data out of the generated model. In fact, utilising similar methods
from (6) PreFab Scenario 1: BIM Quantity TakeOff, explained in section 6.1, the translation
from BIM model to cost estimations can be done automatically. Corresponding elements are
grouped and dimensions are automatically extracted out of the 3D model. In this case, there is
no need to define filters or check the quality model as the model is created on behalf of Emergo,
specifically for cost estimation purposes. Therefore, BIM use (6) Quantity Exports is sufficient,
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providing a quantity bill containing all elements, their geometric values and their quantities. Ex-
tracting data can also be done within the environment of Revit, which also supports the Dynamo
script, making the additional usage of software and system exchanges minimal.

Step 7: Automate data imports in cost estimation systems

The final step is similar for both scenarios, which translated the raw data into cost estimation
terms of Emergo. The raw data is processed and translated into itemst that are used in the cost
estimation systems of Emergo, Excel and/ or ERP. Figure 6.1.1 reveals such a transmission and
is similar for this scenario. The processing scheme is similar, however, the type of elements are
different. Figure 27 reveals an example of data from the generated roof that can be exported
from Revit into cost estimation systems. Data can be processed via a similar method as shown in
Figure 20.

<Roof Schedule:

A B C D
Family and Type Thickness Area Count
Basic Roof: Generic - 225mm 225 26 m* 14
Basic Roof: Generic - 225mm 225 30 m* 4

FIGURE 27: Exportable results from the generated roof

6.2.2 Conditions

In order to make exploit the use of parametric modeling, several conditions has to be fulfilled.
Since Emergo has more control of deriving the roof model, conditions on input variables are less
strict, compared to the first scenario. The conditions differ between the two sub-scenarios, scen-
ario 2(a) and (b), especially in terms of information needs. The following category of conditions
are identified: Conditions for information needs, according to (ISO 19650-1), Dynamo script con-
ditions to generate roof models, Revit conditions to generate roof elements and Conditions for
information takeoff’s procedures. On top of that, Quality conditions for BIM model is necessary
for scenario 2(b). Explicit conditions are derived under the categories below, where all conditions
for the scenarios are summarised in Table 7.1.

Scenario a: conditions for information needs, according to (ISO 19650-1)

All the input parameters must be available in the delivered documents by the client. The form of
the data is not strictly defined, since the input parameters can be provided in tabular form or the
information can be incorporated in the 2D drawings of the project. Hence, this scenario does not
require a BIM model. Still, the data must be available in one way or another, leading to the con-
dition: C2.1: Complete geometric information, C2.2: Complete alphanumerical information
and C2.3: Presence of all documents in the right format must be again available for this method.

For the proof of concept, this would mean that data in Figure 6.2.1 must be available. If the scen-
ario is expanded to more complex roof’s, including more component’s such as frame openings,
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more data is required. Then, the dimensions of the frame openings are required. In conclusion, in
the examined projects, all data is usually delivered and present, meeting the information needs of
this scenario.

Scenario b: conditions for information needs, according to (ISO 19650-1) & Quality condi-
tions for BIM model

The second scenario requires a BIM model with a correctly modeled roof component. The crucial
characteristic of the BIM models are the geometric development. The roof and the division of ele-
ments is based on an overlay of the existing roof in the BIM model, requiring correctly modeled
roof elements. Currently, in the checked BIM models, this is already achieved, meaning that the
geometric development of the BIM models is sufficient. No technical details are thus necessary,
aliging with a BIM model that is developed at at least LOD 300 3, where the exact geometry is
known, as shown in Figure 3. However, not every project included a BIM model. Hence, in order
to exploit the benefits of this scenario, each project must contain a BIM model, where the roof
element is modeled correctly. This development resulted in the conditions of C1.2: Correctly
modeled BIM, C1.3 Complete BIM model and C2.1 Complete geometric information.

Secondly, semantic information is currently insufficient developed within BIM models for this
scenario. Yet, it does not have to be incorporated in the BIM model. Semantic information that
leads to the roof type can also be included in technical documents, as long it is present. Currently
all necessary data is incorporated into technical documents of the project, which is sufficient for
this scenario. The roof types are namely modeled in the roof generator, which only requires the
geometric shapes of the roof element. Still, information has to be present in other documents to
derive a roof type, resulting in the conditions C2.2: Complete alphanumerical information and
C2.3: Presence of all documents in the right format.

Thus, the information has to be present in one of the documents, and not necessarily in the
BIM model. C3.3 Establish an information requirement document, according to LOIN (ISO
19650-1) should be taken into account as well, ensuring information needs for the roof are present.
This specifies the required semantic information, and emphasises the presence of the data.

In conclusion, for scenario 2(b) Emergo necessitates a BIM model with correct geometric in-
formation for roof elements. Currently, the geometric information of roof elements is sufficient,
but the occurrence of a BIM model must be ensured and developed.

Scenario a and b: Dynamo script must be available and working

Obviously, this condition corresponds to the entire working of the parametric modeler. The dy-
namo script must be complete, working and available for varying approved input parameters. A
prototype of such a script is derived for the proof of concept, shown in Figure 56. A complete
working of the scenario would require a significant larger and complete script. C4.1: Dynamo
script must result in roof elements corresponds to the condition that the script must accept vary-
ing input and delivers output of high quality. The script is complete if it successfully provides the
roof model including the division of elements. Moreover, textbfC4.2: Dynamo script provide an
error log should be included as well, resulting in explanation of issues, if issues occur. Further-
more, cost estimator’s are now using Revit, requiring minimal revit skills by the cost employee.
Hence, C5.1: Revit skills by cost estimator is included.

3Level of Development (LOD), originally founded by AIA and adopted by BIMForum
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Scenario a and b: Revit conditions to generate roof elements

The script must achieve multiple aspects to realise a scenario that is contributing to enhancements
of the cost estimation processes. One of these aspects is that the script has access to Emergo’s
standard material compositions as family type. In this way, the roof components can be modeled
according to Emergo’s specifications. Therefore, the following condition is taken into account:
C5.2: A Revit family must be accessible, containing Emergo’s standard roof types. Secondly,
Emergo contains a high level of expertise when it comes to roof elements. Frequently, Emergo
adapts technical details that are initially derived by the client according to their own solutions.
Hence, a cost employee must be able to adapt the technical details based on the derived roof ele-
ments, resulting in C5.3 Derive or adapt technical details based on the generated roof model.

Scenario a and b: Conditions for information takeoff’s procedures

The results of the generated roof must be available for automated exchanges between various
systems. For example, the results shown in Figure 27 must be able to be imported in Excel or in
the ERP via a .xlIsx file, which can be automatically read by the cost estimation systems, resulting
in C3.5 Raw data processing algorithms and C3.7: Complete cost items in cost estimation
models as a condition for this scenario.

6.2.3 Process changes and value

The process changes resulting from the implementation of the scenarios are outlined in Figure 28.
Leveraging a parametric modeler in both scenarios facilitates rapid generation of 3D models and
cost estimation data. Furthermore, an Automatic division of elements reduces the time required
for PreFab’s cost estimation process, potentially making it Potentially faster. Instead of manually
dividing the roof into elements, this task is automated via a dynamo script, making the cost estima-
tion process Less error-prone. Consequently, the generation of roof elements within Revit can be
exported seamlessly for Automatic quantification, streamlining the process. Additionally, early
access to the roof model enables its use for Exploiting other BIM uses (construction analysis),
expanding the utility of BIM beyond cost estimation. Integration with Timber Modeling Software
A further enhances data sharing between departments within Emergo, resulting in Timber Mod-
eling Software A integration.

In scenario 2(b), reliance on a BIM model as input eliminates the need for manual measurements,
a significant advantage. However, scenario 2(a) offers flexibility and independence from BIM
models, empowering Emergo. Therefore, while scenario 2(b) ensures No manual measurements
are required, scenario 2(a) boasts the benefit of being Independent of BIM models.
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FIGURE 28: Old process outline vs. new process outline, PreFab scenario 2 (a) and (b)

Through both scenarios, roof elements can be generated. This corresponds to generating 18 data
entries (see Table 6.7, and Table 6.8) that are necessary for the cost estimation process, centered
around the cost estimations of the timber-framed construction elements. In fact, these elements are
the core of PreFab’s projects, covering the majority of the cost estimations. Moreover, the division
of elements is considered to be one of the most time-consuming tasks of Emergo’s current cost
estimation process. Part of these data entries should be pre-modeled, namely the standard element
compositions, which can be stored within a Revit family.

Element Information Data type (&0 Element Width [mm)] <integer> | v
Element ID <string> v Element Length [mm] <integer> | V/
Element Type List of 3x <string> v Element Slope [degrees] <float> v
Element Height [mm] <integer> v Element Count <integer> | v
TABLE 6.7: Generated data during the division of elements

Base Information per element DETERAY N E ST B C.O.C. Size Roof Trusses [mm] <integer> v
Element ID <string> v C.O.C. Size Roof Tile Battens [mm] <integer> v
Element Count in Block <integer> v C.0.C. Size Roof Lath Battens [mm] <integer> v
Element Width [mm] <integer> v Add/Adapt any Additional Article <list> X
Element Height [mm] <integer> v Add/Adapt Any Additional Task <list> X
Element Compostion <list> v Additional Cost Information Data type Generated? ‘
Discount Assembly [%] <integer> X Construction/ Engineering Costs [Euro] <integer> v
Discount Machine Hours [%] <integer> X Distance to Project [km] <integer> X
Element Area Oblique Elements [%] <integer> Type of Truck List of 2x <string> v
Additional Information Per Element  Data type Generated" Number of Trucks required <integer> v

TABLE 6.8: Generated data Timber Estimation Software X

6.2.4 Summary of scenarios

In conclusion, scenario 2(a) and scenario 2(b) can generate elements based on a dynamo script,
the parametric modeler. This task is considered to be one of the most time-consuming and error-
prone task of PreFab’s cost estimation process. The summary of conditions for both scenarios
can be found in Table 6.9 and Table 6.10. scenario 2(b) has additional conditions compared to
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scenario 2(a), yet scenario (b) has additional value due to the fact that no manual measurements
are necessary.

C2.1: Complete geometric information Automatic division of elements

C2.2: Complete alphanumerical information Automatic quantification

C2.3: Presence of all documents in the right format Less error-prone

C3.5: Raw data processing algorithms Potentially faster

C3.7: Complete cost items in cost estimation models Exploit other BIM uses (construction analysis)
C4.1: Dynamo script must result in roof elements Timber Modeling Software A integration
C4.2: Dynamo script provide an error log Independent of BIM models

C5.1: Revit skills by cost estimator

C5.2: A Revit family must be accessible, containing Emergo’s standard roof types

C5.3: Derive or adapt technical details based on the generated roof model

TABLE 6.9: Value and conditions that Scenario 2(a) entails

Conditions Value

C1.2: Correctly modeled BIM Automatic division of elements

C1.3: Complete BIM model Automatic quantification

C2.1: Complete geometric information Less error-prone

C2.2: Complete alpt ical information Potentially faster

C2.3: Presence of all documents in the right format Exploit other BIM uses (construction analysis)
C3.3: Establish an information requirement document, according to LOIN (ISO 19650-1 Timber Modeling Software A integration
C3.5: Raw data processing algorithms No manual measurements required

C3.7: Complete cost items in cost estimation models

C4.1: Dynamo script must result in roof elements

C4.2: Dynamo script provide an error log

C5.1: Revit skills by cost estimator

C5.2: A Revit family must be accessible, containing Emergo’s standard roof types
C5.3: Derive or adapt technical details based on the generated roof model

TABLE 6.10: Value and conditions that Scenario 2(b) entails

6.3 PreModu 1: Information Takeoffs

Initially intended for project-dependent data, this scenario has evolved to encompass complete
cost estimations. Consequently, it is divided into Scenario 1A, focusing on project-specific quan-
tification, and Scenario 1B, which entails comprehensive information takeoffs.

In Scenario 1A, information takeoffs are employed for flexible and project-specific data, such as
facade finishing and roof tile types, listed under Project-Specific Information in Table 3.6. These
data entries are currently manually measured, while other elements in the cost estimation process
remain calculated in the traditional manner. Scenario 1B goes beyond project-specific information,
extracting all necessary data from the BIM model for automated cost estimations. This eliminates
the need to manually select options in the cost estimation model for each house, as all data listed
in Table 3.6 is derived from the BIM model.

subsection 6.3.1 details the operational workflow within Emergo, subsection 6.3.2 outlines the
necessary conditions per scenario, subsection 6.3.3 discusses required process changes and poten-
tial values of the scenarios, and subsection 6.3.4 concludes by summarizing the conditions and
values and comparing Solibri and Revit

6.3.1 Working in context of Emergo

Figure 29 reveals the scheme of the working of the first scenario of PreModu, which is similar
for Scenario 1A and Scenario 1B, yet on another degree. Scenario 1B completely relies on this
scheme while Scenario 1A focuses on the project-dependent parameters only.
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Input: classified BIM model with Cost estimation

ITO Definition Data processor

semantic objects systems

FIGURE 29: Scheme of the working of scenario 1 for PreModu

There are multiple software to conduct quantity takeoff’s, among others Solibri and Revit. Both
these software are utilised and compared during the test of this scenario, which are tested for
one PreModu project. One test project is considered to be sufficient since one can assume that
each PreModu project is modeled in a similar way. In contrary, PreFab projects are dealing with
different clients, architects and BIM modelers, resulting in different modeling frameworks. The
scenario is tested for the project-dependent elements, which can be seen as a proof of concept for
an entire working and reliance on ITO’s for PreModu

Step 1: opening the BIM model

Cost estimators at Emergo can access both the Revit Model and the IFC model of the project,
allowing them to conduct quantity takeoffs within Revit or Solibri. The key distinction between
the two is that Solibri automatically assigns bounding boxes when an IFC model is opened, while
in Revit, this process requires manual derivation of bounding boxes or the creation of a Dynamo
script. Bounding boxes are essential in this context because the roof elements lack element dimen-
sions like length and width, making it impossible to determine or extract the area of each element.
By employing bounding boxes, the gross area of each element can be determined, which is crucial
for estimating the cost of roof tiles. Consequently, Solibri is preferred for quantity exports, al-
though an example illustrating the process within Revit is provided. Figure 30 presents the project
in both environments, with the Revit file displaying the entire project and Solibri revealing only
one block.

FIGURE 30: IFC Models within Revit and Solibri

Step 2: Filter on project-dependent components

To start, the desired elements need to be filtered out. In Solibri this can be done simultaneously
while in Revit each element type needs to be filtered out individually. Both filters can be saved
and used across multiple projects. Hence, the filter and specifications needs to be established once
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as it is project-exceeding. A filter that selects the elements based on element family and type has
been chosen (Figure 31), filtering roof and wall elements that are from a specific type, such as
steenstrips, which is a facade finishing type.

Schedule Properties *
Fields Filer  SorngiGrouping Fermammng  Appeanence R Mame Brebod
vebadu
Sednet avadatle Telds frem
Descriptson Edit
RVT i
Thiss Infeemnation Takeoft Definiion repoits space ansas by thes wiige hype.
Paramater Mama Seandh:
¥ Fitor Awndable Fekds
Mevmilable fulds: 109 Schadaled fiekds (i order):
[ Tyt O Erable Grouping
Absraptand Family
Ao Pty Tyge One Component per Row
Angla From Vrtical Aras
Assembly Code Count Limmats the Information Takeoff definition to these components - & I -1
Assambly Description FropctBoudeal == B =
Assembdy Mpma Componets
Easa Constraint Sate Campanent Prapirty Cpsrites Viskat
Base et incluge ~~ [any Type |Ene o | 3400 10000 diep, 5.
Colnrtulnnsin -
=,
fe
= List of tasks mapcied b0 ba o9z sossn
+
4 X
. % O
Schedule Froperties * . =9 "
5400 10000 diep

Fiids Fiter  Soeting/Grouping  Formatting  Appearance

Siding verticaal met regelwerk grijs
Filter by: Trpe eauals Siding verticaal met re;

alleen steenstrips antraciet

And: inane) aK Cancel

FIGURE 31: Schedule or Takeoff filters within Revit and Solibri, respectively

Step 3: Sort the extracted information

Eventually, all filtered items are either listed in tabular form and in Solibri even highlighted in the
IFC model. After the filter has been applied, one can adapt the table to achieve the desired format.
For example, the total area of each material can be shown or elements can be grouped based on
similar area’s, including the frequency of occurrence. Since Emergo’s cost estimation model treats
every house separately, the result of the takeoff requires separated elements or grouped similar
elements, which can be applied in the filter preferences. On the other hand, the total material per
block or per project can be established as well, minimising the need to add up all individual values.
The results of both takeoffs in the software itself are shown in Figure 32.

Step 4: Import and process data into cost estimation systems

These results can obviously be imported within the Excel cost estimation system through a excel
file, utilising BIM use (18) Linking and Extending. In Excel, a separate sheet can be crafted
that is able to handle and process the results autonomously, where results are automatically are
connected to the right cost item. This requires a complete cost model and library, which is then
supplemented in order to match the results from the takeoff’s, aligned with BIM use (16) Develop
cost library. On the other side, Solibri’s information takeoff provides a high level of visibility
and overview, compared to Revit. Therefore, one is also able to select certain elements and im-
mediately see the necessary values, making it possible to quickly provide the values per house.
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<Facade Finshing materials> <Facade Finishing materials> <Dak Quantities>
A B c A B c A B C
Type Tetal Area Count . Type Total Area Count Count Type Volume
660 m*
0.76 m Siting verticaal met regehwerk grjs 30,56 mt 6 1 Vlak pannen strak met nokvorst Diep 10000 [13997,28
allean steensirips antraciet 3,05 4 910m 1 Vlak pannen strak met nokvorst 12882,37
0.82 Siding verticaal met regelwerk grijs 54,59 m* 6 1 Viak pannen strak met nokvorst Diep 10000 [14193,43
alleen steensirips antraciet 9.80m 12 970 m
0.84 m* Siding verticaal met regelwerk gnjs 77,58 mt ]
alleen steenstrips antraciet 674 m 8 978 m
2,76 mt Siting verticaal met regelwerk grjs 19,56 m* 2
alleen steenstrips antraciet .02 m* 4 9,84 m*
313 m? Siding verticaal met regelwerk grijs 872 m? ]
allsen steenstrips antracist 6.25m 2 10,08 m
T Siding verticaal met regehwerk grjs 2017 mt 2
21,4
B
Type Matesial Frame Openings Area Length Count Color

5400 10000 diep isolatie, RAL 7016 - Antraciet... 5
Siding verticaal met regelwer... 219011 sidings 10 mm, wit 28... 581 m2 10.08 m2 540m 1
Siding verticaal met regelwer... 213011 sidings 10 mm, wit 26... 6.06m2 9.84 m2 21.60m 4
Siding verticaal met regelwer... ral9011 sidings 10 mm, wit 28... 701 m2 9.05 m2 540m 1
Siding verticaal met regelwer... ral9011 sidings 10 mm, wit 28... 741 m2| 8.58 m2 21.60 m 4
alisen steanstios sntraciet. |ISR Metsetwerk antracset wile, 000m2 0.82m2 101m S

FIGURE 32: Results of the Takeoffs in Revit and Solibri

One element that does not contain an area is the roof element. However, in Solibri each element
is given a bounding box, which makes it possible to derive the area. This formula can be im-
plemented in the Excel sheet as well, developing the cost estimation model and library (BIM use
(16) Develop cost library). The following formula can be utilised to calculate the area of roofing
materials per house:

1
Area = 2 x BoundingBoxWidth x \/ (BoundingBoxH eight )* + (EBoundingBoxLength)2

So the data that is achieved through the quantity takeoff can be easily manipulated to obtain the
desired format. Excel supports all kinds of data manipulation that can be used to gain automatic
importable results. An Excel sheet can be designed which is similar as the example showed in
Figure 20, to support automatic imports.

6.3.2 Conditions

In this section, the necessary conditions for exploiting quantity takeoffs for PreModu are provided.
Since Emergo is in charge of deriving the BIM models for PreModu, Emergo is able to influence
how BIM models are developed.

Conditions are scattered around two are three categories. Scenario A necessitates conditions
from Modeling conditions for PreModu and Conditions for information takeoff’s procedures while
Scenario B utilises similar categories, but on a greater extent. On top of that, conditions from
Standardised cost data and exchanges are necessary for the Scenario 1B. Explicit conditions
are derived under the categories below, where all conditions for the scenarios are summarised
in Table 7.1.
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Scenario a and b: Conditions for information takeoff’s procedures

If the project-specific objects are correctly modeled and potentially linked to a house number, a
standardised flow of information is required. This results in additional conditions, similar to the
quantity takeoff for PreFab. However, the model does not have to be checked because it is modeled
on behalf of Emergo, implying that the model is already approved. A quantity takeoff definition
on the other hand, has to be developed, ensuring that only the necessary components and data
is extracted out of the model. Also, the raw data has to be readable by cost estimation systems
from Emergo, requiring a data processor to translate raw excel data into cost items in terms of Pre-
Modu’s cost database. C3.4: Standard ITO definitions, C3.5: Raw data processing algorithms
in cost estimation software and C3.7: Complete cost items in cost estimation models. These
conditions are reused as condition from section 6.1.

Scenario a and b: Modeling conditions for PreModu

In test projects, all project-dependent data could be found back in the test project, shown in
Table 6.11. Yet, this has to be a hard condition for all current and future PreModu projects if
these are automatically extracted. Therefore, C2.1: Complete geometric information, C2.2:
Complete alphanumerical information per BIM model, are the first two conditions, which has
to be achieved within the BIM model, which is aligned with BIM LOD 300*

Project-Specific Information Data type  Revit  Solibri
Additional ’special’ costs <float> X X
Material of Roofing Tiles in House <string> v v
Quantity of Roofing Tiles per Material <float> X/ v
Material of Facade Finishing/Cladding in House <string> v v
Quantity of Facade Finishing/Cladding per Material <float> v v
Material of Framing Area in House <string> v v
Quantity of Framing Area per Material <float> v v

TABLE 6.11: Checked data by for PreModu scenario 1A

Emergo is in charge of the design process, but this process is normally done by an external BIM
modeler. Consequently, Emergo can ask the BIM modeler to develop certain information within
the BIM. Hence, C6.1: Establish an information development document, according to LOIN
(ISO 19650-1) information developments. The BIM modeler can develop the model according to
Emergo’s standard objects, resulting in C6.2 BIM model must be established out of PreModu’s
Revit libraries Currently, the objects that are extracted out of the BIM model are handled simul-
taneously. For example, the takeoff definition counts the number of facade finishing type A while
Emergo estimates their costs specifically per house. If this is desired, C6.3: Object must be re-
lated to a house number of modeling group is a condition as well. The result will be the same,
but the costs could then be structured per house within the project. This condition is considered
optional.

Scenario B: Modeling conditions for PreModu

Currently, PreModu relies on a standardisation level of around 85%, meaning that 15% are unique
project-dependent components. However, the current component library in Revit is far from this
85% and is thus considered incomplete. This means that not every option in Table 3.6 is predefined
and modeled in Revit. These data entries are shown in Table 6.12, which are standardised compon-
ents, applicable for every house type, but are lacking in a complete Revit family. For example, for
house type 1, front facade A and B are modeled and captured in a Revit Family, but front facade

“4Level of Development (LOD), originally founded by AIA and adopted by BIMForum
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C is not available. As seen in Table 6.12, the number of elements can be extracted, but a lack of
a complete standardised component library for every house type is lacking. Since these options
are predefined, the exact geometries or technical details are not necessary, as modules are counted
and connected to predefined calculations. Therefore, only BIM LOD 2007 is required for the cost
estimations of Table 6.12. However, since this scenario is an expansion of scenario 1A, and data
in Table 6.11 is also required to realise complete cost estimations, LOD 300 is required.

Standardised Information Data type \ Complete
Corner or inbetween house List: 2x <string> X
Option of base configuration List: 15x <string> X
Option of front facade List: 4x <string> X
Option of back facade List: 2x <string> X
Option of head facade (IF corner house)  List: 4x <string> X
Option of facade finishing List: 4x <string> X
Option of roof finishing List: 2x <string> X
Option of heating installation type List: 3x <string> X
Option of solar panel type List: 2x <string> X
Option of solar panel field size List: 26x <string> X
Option of kitchen implementation type List: 4x <string> X
Option of floor finishing List: 3x <string> X
Option of wall finishing List: 3x <string> X
Option of sanitary facilities List: 3x <string> X
Option of roof window type List: 9x <string> X
Number of roof windows <integer> X
Number of sun blinds <integer> v
Number of ventilation units <integer> v
Option of dormer types List: 3x <string> X
Number of dormer types <integer> v
Option of canopy types List: 3x <string> X
Number of canopies <integer> v
Option of gutter types List: 3x <string> X
Option of sewage type List: 3x <string> X
Unique Information Data type | Complete
Unique costs for unique components <float> X

TABLE 6.12: Checked data by for PreModu scenario 1B

An incomplete Revit Family caused by a lack of resources to develop these libraries for Emergo.
Subsequently, Emergo only predefines a family instance if this is incorporated in a project, mak-
ing it reusable for the next project. As not every option has been modeled in past projects, the
component library per house type is incomplete. Thus, only a portion of Emergo’s standardised
components are included in a component library of Revit, which needs to be developed so that
every option, for every house type, is available and incorporated in a Revit Family. Therefore,
two conditions are added, namely, C6.4: Complete Revit Families for PreModu on object level
and C6.5: Complete Revit modeling families on modular level. C6.4 refers to a complete ob-
ject library such as window type, solar panel type, heat installation type, etc, while C6.5 refers to
complete PreModu concepts such as type of kitchen, type of bathroom, etc. The conditions are
specified to develop a Revit Family to at least the 85% which is currently included in the cost es-
timations systems. However, when 100% standardisation in PreModu’s concept is obtained, these
conditions has to be evidently fulfilled for the 100% as well.

Scenario B: Standardised cost data and exchanges conditions

In contrary to the component library, cost estimations have been established for the majority of
this 85%, where all options per house type have been established in the cost estimation model.
However, these standardised cost items have not been established for all options. For example,

SLevel of Development (LOD), originally founded by AIA and adopted by BIMForum
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referring back to Table 6.12, cost estimations have been predefined for front facade A, B and C
for house type 5, but not for house type 6. Additionally, for every project, manual cost estimations
have to be conducted for the unique or varying components, thus the 15%. Therefore, the cost
database and cost estimation model has to be developed as well. Accordingly, the cost database
is also considered to be incomplete. to bridge this gap, a synergy between component and cost
data is necessary, where standardised components has to be developed, including a standardised
cost item to work with. Currently, every project contains new cost estimations, that have not been
calculated before. To completely rely on information takeoft’s, every component or module must
be available in calculation models, meaning that C7.1: Cost data in ERP must be complete
in terms of PreModu and C7.2: Standard cost data exchanges from ERP to Excel must be
standardised are required.

Thus, standard cost items have been developed for a great share of PreModu concepts, which
are maintained in the ERP system. Still, several details are lacking, making the cost database
incomplete, where 15% of the cost database is estimated to be incomplete. Larger modules are
encapsulated in the cost database but details and variations are often lacking, such as variations
on the concrete floor. These prices are often depenendent on suppliers and have not been used in
prior projects. On top of that, the 15% includes unique items per project, based on unique client
demands. C7.1 and C7.2 refers to developing, or more specifcally, completing the cost database
for all the components used in PreModu, which is considered 100%. Unique costs are outside of
this development because not all specific wishes of clients can be incorporated.

6.3.3 Process changes and value

Figure 33 reveals the process changes of scenario 1A, where standardised options are still selected
in the caulcation model manually. Figure 34 reveals the changed scheme of scenario 1B, which
completely relies on the BIM model for the cost estimations, except for the unique calculations.

Instead of manually measuring area’s, the element can be extracted out of the BIM model in-
cluding material and area’s, resulting in Automatic measurements. Shown in Figure 33 and
Figure 35, a new ’lane’ is created, referring to the utilisation of a new software, Solibri or Revit.
Moreover, a predefined information takeoff structure is necessary to filter the desired elements.
These data entries are stored and exported through an excel or .CSV file and imported into the
cost estimation system in Excel. As area’s are automatically extracted, reducing measuring errors,
these scenarios are considered to be Less error-prone. Another benefit is the automated nature of
the new task, which could improve the task throughput time, making it Potentially faster.
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Reduction of issue(s) New process outline scenario 1(a)

FIGURE 33: Old process outline vs. new process outline, PreModu scenario 1

Scenario 1B has additional value compared to Scenario 1A. While scenario 1A focuses on meas-
urements in terms of squared metres and materials, Scenario 1B evolves to counting the frequency
of standardised modules. This adaption refers to the implementation of the correct data, modeling
groups per house and relationships between the elements. Consequently, Automatic quantifica-
tion of modules per house is additional value, which can be used for cost estimations. Moreover,
besides the unique manual cost estimations, evolving to scenario 1B results in Complete auto-
matic cost estimations. The cost estimator implements the information from the BIM model into
the cost estimation model, which automatically results in a cost overview. Only the unique clients
requirements need to be manually calculated. For example, the delivery of an outside tap.

Current process outline

Changed process task

I:l Reduction of issue(s) New process outline scenario 1(b)

FIGURE 34: Old process outline vs. new process outline, PreModu scenario 1b

6.3.4 Summary of scenarios 1a and 1b

Two variants of this scenario were derived, where scenario 1a was meant for the project-dependent
data while the second scenario is similar refers to complete cost estimations based on ITO’s. This
requires additional conditions but also comes with extended value. Table 6.9 and Table 6.10 reveal
the conditions and value for scenario I(a) and scenario 1(b), respectively. For both scenarios C12
is considered optional, based on the preference of the problem owner, Emergo.
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Conditions Value

C1.2: Correctly modeled BIM Automatic measurements
C1.3: Complete BIM model Less error-prone

C2.1: Complete geometric information Potentially faster

C2.2: Complete alphanumerical information

C2.3: Presence of all documents in the right format

C3.4: Standard ITO definitions

C3.5: Raw data processing algorithms

C3.7: Complete cost items in cost estimation models

C6.1: Establish an information development document, according to LOIN (ISO 19650-1)
C6.2: BIM model must be established out of PreModu’s Revit libraries

(C6.3: Object must be related to a house number of modeling group)

TABLE 6.13: Value and conditions that Scenario 1(a) entails

C1.2: Correctly modeled BIM Automatic measurements

C1.3: Complete BIM model Automatic quantification

C2.1: Complete geometric information Less error-prone

C2.2: Complete alphanumerical information Potentially faster

C2.3: Presence of all documents in the right format Complete automatic cost estimations

C3.4: Standard ITO definitions

C3.5: Raw data processing algorithms

C6.1: Establish an information development document, according to LOIN (ISO 19650-1)
C6.2: BIM model must be established out of PreModu’s Revit libraries

(C6.3: Object must be related to a house number of modeling group)

C6.4: Complete Revit Families for PreModu on object level

C6.5: Complete Revit modeling families on modular level

C7.1: Cost data in ERP must be complete in terms of PreModu

(C7.2: Standard cost data exchanges from ERP to Excel must be standardised

TABLE 6.14: Value and conditions that Scenario 1(b) entails

Solibri and Revit comparison

Two scenarios have been derived for PreModu when it comes to information takeoffs, which are
tested in Solibri and Revit. The project-dependent data was successfully extracted out of the
BIM models. Moreover, roof dimensions can be derived out of the extracted information from
Solibri, namely the bounding boxes. In Revit, this could be achieved, yet a dynamo script has
to be established to create the bounding boxes for roof elements, which is possible®. Besides the
bounding boxes, there were more differences between both software while testing the concept of
Takeoff’s. First of all, Solibri is able to filter across multiple categories, enabling simultaneous
extraction of the facade walls and roof elements. In Revit, the roof’s were falling under generic
models and necessitated an individual filter. Secondly, Solibri colors and visualised the extracted
elements in 3D, making it very clear which information belonged to which element. Revit did
not visualised any element, resulting in manual checks. Moreover, Solibri directly showed the
area of frame openings per element while Revit did not have this feature. In conclusion, Solibri
seems to be more intelligent than Revit while extracting but more importantly, while processing
the information.

6.4 PreModu 2: Automated cost estimations

This scenario addresses the possibility to connect cost databases, where Revit components are
linked to corresponding cost items, which are originated from the ERP system.

Tutorial: Dynamo Script for Bounding Boxes
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subsection 6.4.1 details the operational workflow within Emergo, subsection 6.4.2 outlines the
necessary conditions for this scenario, subsection 6.4.3 discusses required process changes and
potential values of the scenario, and subsection 6.4.4 concludes by summarising the conditions
and values.

6.4.1 Working in context of Emergo

Figure 35 reveals the scheme of the scenario, using these standardised data as input. The script is
the main tool, extracting information from different databases and connecting them, visualised in
the interface of dynamo player.

Input: Revit families and Cost database . Interface/
Dynamo script

cost data from ERP and BIM model Dynamo player

FIGURE 35: Scheme of the working of scenario 2 for PreModu

This scenario is derived in a practical manner for several components. Roof dormers and gutter
types are the selected components, which are automatically calculated in Revit for one test project
of PreModu. This practical examination of the scenario is considered as an example, proofing the
concept of automated cost estimations.

Step 1: Determining an appropriate method for Emergo

There are multiple routes to achieve 5D BIM, highlighted in a variety of research addressing
automated cost estimations. Matejka et al. (2018) compared multiple methods from literature and
categorised them into 4 categories, where 2 of them are falling under 5D BIM, shown in Figure 36.

dcm
method

Information Costs Information Costs
e model database model database

(A) Dependent method schematic (B) Integrated method schematics

FIGURE 36: 5D cost estimation methods, according to Matejka et al. (2018)

First of all, there are dependent methods (Figure 36a), where one database is dependent on the
other database. In this case, there is one 'master’ database that incorporates data from the other
database. Emergo can implement their cost data within their information models. This can be
translated to the process of implementing the cost data from their Excel model or Microsoft Ac-
cess database in ERP within the environment of Revit. Each Revit family type has a cost parameter,
which can be manually provided and adjusted. However, this would that Emergo must maintain

90



6.4. PREMODU 2: AUTOMATED COST ESTIMATIONSCHAPTER 6. SCENARIO DESIGN

their cost data in ERP as well as in Revit, resulting in duplicate and time-consuming tasks.

Secondly, there are integrated methods (Figure 36b), which are the most sophisticated methods.
These integrated methods are namely based on a full integrated environment of cost estimations,
which allows the user to work with the information model and the cost database. These databases
could be dependent on each other, which explains the linkage in the first method of Figure 36b.
For Emergo, this means that the cost estimation system is able to connect the information models
(.rvt or .ifc) with the cost database from ERP, resulting in automated cost estimations through a
dynamic environment. This means that cost estimations can be conducted in iterations or provides
a price that is live and up-to-date. This flow of data can be achieved through Dynamo’. Dynamo
is namely able to import .xIsx or .csv data, which is the datatype that could be exported from ERP.
In this example, two PreModu concepts, gutters and roof dormers are chosen to be automatically
calculated within Revit.

For Emergo, an integrated method is more appropriate, as this method is more aligned with the
requirements of the treatment, avoiding manual and time-consuming tasks. An integrated method
can achieve 5D BIM in the most efficient manner for Emergo.

Step 2: Obtain an excel cost database

The first step is to achieve an excel database that includes cost data for PreModu’s components.
In this example, the current cost estimation system of Emergo is used, which contains cost data,
originated from ERP. Cost data considering roof gutters and roof dormers are stored in specific
excel data sheets, which are shown in Figure 37. Cost data itself are not shown due to privacy
reasons for Emergo.

"Dynamo BIM
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(B) Gutter cost data per gutter type

FIGURE 37: Excel sheet containing cost data for a specific PreModu component

Step 3: Import cost data in Dynamo

Secondly, a dynamo script has to be developed that is able to extract the right data from the excel
database. Several dynamo nodes are used to import the excel file, the excel data sheet and to
filter and adapt all the data entries. Figure 57 reveals the complete dynamo script, where groups:
Import Gutter Data, Import Roof Dormer data, Get Cost data of Gutter type A, Get Cost data of
Roof Dormer type A reveal all the nodes that is necessary to filter the necessary cost items.

Step 4: Import Revit components in Dynamo

besides the cost items, the Revit components from the preliminary design need to be imported as
well. Within Dynamo, there are nodes to import preferred elements from the Revit project based on
certain filters. In this case, Elements from a specific parent family and/ or family type are received
from the BIM model. There are multiple gutter family types, related to the different object types
(A,B, and C) that are shown in Figure 37. These elements can all be received separately due to the
fact that they are filtered according to family type in Revit.

Step 5: Connect Revit components with cost items

Now that the cost data and Revit components are imported in Dynamo, they need to be connected
in an appropriate way. For example, gutter cost estimations are initially based on length, ne-
cessitating dynamo nodes to establish the value for length parameter per gutter element. These
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values are already stored within the elements during the modeling phase of the BIM model. Roof
dormers are estimated per roof dormer type, meaning that they not need to be filtered in this case.
The dormers are namely standardised and cannot vary in size, opening the opportunity to calculate
them per item instead of dimensions. In Table 6.12, the dynamo groupsExtract all gutter elements,
Extract all Roof Dormers of Type ... and Total length of each gutter type reassures the necessary
element data. Lastly, once the right information per object is obtained, the simple connection with
the cost price reveals the total price and total price per component.

Step 6: Prepare the dynamo player

Finally, the dynamo script can be saved and opened via the dynamo player for any Revit project.
In fact, every time the player is being ran, the script reiterates and elements and cost data are
extracted again. Hence, if one changes the design and/ or the excel cost database, an iteration of
the dynamo player reveals the latest price. An example of integrated cost estimations is provided
in Figure 38

Dakkapellen S Dynama Player - o X
Dakkapel t Prijs lev kozijn lev dakk excl. kozijn sparing montage aftimmere

Type A € 1500 2 2 3 2 5 Model_Cost_DataBase_Connector (7
Type < [ il = e o

myec < | Il N

Indekken € 500" p/dakkapel

Outputs
Goot Yota! Praject Costs
Berekening rekenprijzen
Prijs Goot. € 2,20 perm1l Inkoop € 2,00 perml
Prijs Goot € -  perml per m1 .
Prijs Goot € - perml per m1 fertRvssRsn e g sac | [N

(A) Automated cost estimation with initial cost items

Dakkapellen 3
Dakkapel t Prijs lev kozijn lev dakk excl. kozijn sparing montage aftimmer:
Type A € 30,00 a a a a 4 Model_Cost_DataBase_Connector [7 ]
Tyeed <R | I BN B .
Typec <N [ ] Il B

String Dakkapel

Goot

Indekken 10' p/dakkapel outputs
Goot Total Project Costs
Berekening rekenprijzen
Prijs Goot . € 4.4 permi Inkoop € 4,00 |per m1
Prijs Goot € - per ml per ml
Prils Goot € -  permil per m1 rems e -

(B) Automated cost estimations under increased cost items

FIGURE 38: Example of integrated cost estimations through Dynamo

The dynamo script is able to work while Revit and Excel are opened simultaneously. However,
when Excel data is adapted, the file need to be saved before the changes could be visible within
Dynamo. This dynamo script is able to provide the costs of gutter and dormer elements imme-
diately, even after prices has been changed or the design has been adapted. A test on changes of
Revit elements could not have been performed due to insufficient rights to adapt the design.
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6.4.2 Conditions

Emergo is in control of the BIM model, resulting in a high level of control and power to real-
ise certain conditions. On the other side, a complete working of this scenario requires multiple
conditions, falling under the following categories: PreModu conditions for information needs, ac-
cording to (ISO 19650-1), standardised cost data and exchanges conditions, quality conditions for
BIM models and Dynamo scripts conditions for automated cost estimations. Explicit conditions
are derived under the categories below, where all conditions for the scenarios are summarised in
Table 7.1.

PreModu conditions for information needs, according to (ISO 19650-1)

Obviously, this scenario only works if preliminary BIM designs are conducted under the concept
of PreModu. Hence, C6.2: BIM model must be established out of PreModu’s Revit libraries is
a condition. The design process is outsourced, but conducted on behalf of Emergo. This includes
a level of control for Emergo, yet they must apply strict rules for the development of the BIM
model. Thus, C6.1: Establish an information development document, according to LOIN
(ISO 19650-1) is also required

Similar to the scenario of PreModu 1B, there has to be some developments in terms of a compon-
ent library. Currently, the 85% of the components are standardised under the concept of PreModu.
These are incorporated in concepts of PreModu, but are lacking in a Revit Family. In fact, the
Revit Families are not near the 85% at all. For example, for house type 4, roof tile type 1, and 2
are included in a Revit but roof tile type 3 and 4 are not pre-modeled in a Revit Family. Similar to
scenario 1B, data that is incomplete for every house type is shown in Table 6.12, which refers to
modules from PreModu, aligned with LOD 200® However, data within Table 6.11 is also utilised
for this scenario, which includes exact quantities and materials. Therefore, LOD 300° is required.
The following conditions are thus required: C6.4: Complete Revit Families for PreModu on
object level and C6.5: Complete Revit modeling families on modular level. If this is not met,
the dynamo script is not able to detect the necessary component through a standardised manner.
Namely, if a similar object is modeled differently between projects, a standardised dynamo script
cannot extract the component for every project. Therefore, standardisation and component devel-
opment is considered key. Also, if Emergo succeeds to develop their standardisation level beyond
85%, conditions C6.4 and C6.5 expands along this development. In conclusion, necessary com-
ponent data is available for some of the standardised components of PreModu’s concept, yet this
has to be developed in terms of completion for all possible combinations.

Standardised cost data and exchanges conditions

Similar to the component development, the cost database is considered incomplete. Currently,
Emergo cost database is developed for the majority of the standardised components (85%) that are
included in PreModu’s concept. However, not all options have been precalculated. For example,
again referring to Table 6.12, heat installation type D and type C are calculated for house type 2
but for house type 5, these calculations are blank. This means that these cost estimations still need
to be conducted on conceptual level, making it usable for projects. Also, the remaining compon-
ents of 15% are considered to be unique, which results in manual and varying cost estimations,
which are time-consuming and less accurate. Thus, the cost database has to be developed as well,
requiring C7.1 Cost data in ERP must be complete in terms of PreModu. Additionally, exports

8 evel of Development (LOD), originally founded by AIA and adopted by BIMForum
Level of Development (LOD), originally founded by AIA and adopted by BIMForum
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from ERP need to be conducted to create a cost environment that is accessible by external applic-
ations, such as the cost estimation model in Excel. Currently, Emergo’s cost estimation model is
evaluated every quarter to check if prices are still correct. This task is done manually. However,
if the ERP cost database is complete in terms of PreModu, one is able to make an export at any
given time. This could be done in a standardised method, making it possible to update the Ex-
cel cost database at any time. Hence, C7.2: Cost data exchanges from ERP to Excel must be
standardised is necessary to create standardised flows of information. In this way, the excel cost
database is similar for every price update and the structure never changes

Quality conditions for BIM models & Conditions for information needs, according to (ISO
19650-1)

Also, if the Revit component library is further developed, as explained by previous conditions, the
specific BIM designs need to be established according to this Revit library, resulting in in reusing
the following conditions, C1.2: Correctly modeled BIM and C1.3: Complete BIM model. The
information within a BIM model must thus be complete, resulting in C2.1: Complete geometric
information, C2.2: Complete alphanumerical information, C2.3: Presence of all documents
in the right format of the BIM model and additional documents.

Dynamo scripts conditions for automated cost estimations

If concept and cost data are both available and up-to-date, the dynamo script should be able to con-
nect them. This is in fact the main tool of this scenario, which need several conditions. The script
should be able to extract all cost data at any time, resulting in C8.1: Dynamo must be able to
extract all cost data at any time. Similar to this cost data, a condition is necesarry for component
data, namely C8.2: Dynamo must be able to read BIM models, components and parameters.
Moreover, the right pieces of data need to be connected to each other, realising C8.3:Dynamo
must connect object data to the corresponding cost data. Finally, due to the fact that there are
still unique and special products, a check should be incorporated in the dynamo script. This check
can also be useful for trouble-shooting, such as an adaption of a component. A check could be
for example a table that provides all the components that have not been calculated, resulting in
the unique products, as well as the potentially changed components. C8.4: Automated checks
should be incorporated in the dynamo script to evaluate results.

A cost estimator is not particularly interested in the background processes, requiring a dynamo
player that provides the results. C8.5: The total costs and a log report should be the output
of the Dynamo player should be taken into account to provide proper results. A cost estimator
should establish the total project costs, and a log report if error’s are located, such as not calculated
components.

6.4.3 Process changes and value

Following the scenario implementation, significant changes occur in the cost estimation process
itself, as depicted in Figure 39. The most notable alteration is the elimination of manual cost es-
timation steps within Excel, replaced by automated processes through the dynamo player. This
shift ensures Complete automatic cost estimations, avoiding manual tasks, which could be Po-
tentially faster.

Furthermore, integration and connectivity between different databases are enhanced. The Ex-
cel database is fed with cost data from the ERP database. Subsequently, the Excel database is
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integrated seamlessly with Revit information models via the dynamo player, resulting in Connec-
ted databases. In fact, the dynamo player is arranged in a manner that it connects the latest data.
In other words, if a change is made in the cost database or in the design, one click on the button
results in the latest cost calculation. Therefore, Dynamic cost estimations is considered as poten-
tial value as well. All measurements in Revit are executed by computers, accuracy is improved by
eliminating manual measurement errors, resulting in Accurate measurements

This scenario relies on standardised data that is maintained in a standard format, which applies
to the cost database in ERP and for the component database in Revit. While resistance to stand-
ardisation is partly mitigated through these standardised libraries, unique and specialised projects
may still pose challenges due to their unpredictable nature. Despite this, the tool reinforces posit-
ive aspects, notably by accelerating the process and enhancing standardisation. Thus, this scenario
facilitates Enhanced standardisation.

Current process outline New process outline scenario 2

Changed process :| Reduction of issue(s)
task

FIGURE 39: Old process outline vs. new process outline, PreModu scenario 2

6.4.4 Summary of scenario

In summary, the value this scenario potentially has seems to be promising, relying on connected
databases for automatic cost estimations. Yet, the potential this scenario has is currently locked as
Emergo is not meeting the derived conditions. Standardisation is key in this scenario, including
complete object and cost databases, which could be exploited by an automatic script. Table 6.15
highlights the value and conditions for this scenario.

6.5 PreModu 3: Integrated cost estimations

The final scenario of PreModu overlaps the PreModu Scenario 2: Automated calculations in
it’s tool and working method. Both utilise Dynamo to calculate costs. However, this scenario
estimates the cost at a different moment of the process, namely the initial cost estimation, while
scenario 2 estimates the cost of a preliminary project design. Due to a different timing of the
application, another level of cost estimations is required, namely on concept level. Therefore, the
calculation method is overlapping, yet, the organisation of the scenario needs to be different.

subsection 6.5.1 details the operational workflow within Emergo, subsection 6.5.2 outlines the
necessary conditions for this scenario, subsection 6.5.3 discusses required process changes and
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C1.2: Correctly modeled BIM Complete automatic cost estimations
C1.3: Complete BIM model Connected databases

C2.1: Complete geometric information Dynamic cost estimations

C2.2: Complete alphanumerical information Accurate measurements

C2.3: Presence of all documents in the right format Potentially faster

C6.1: Establish an information development document, according to LOIN (ISO 19650-1) | Enhanced standardisation
C6.2: BIM model must be established out of PreModu’s Revit libraries

(C6.3: Object must be related to a house number of modeling group)

C6.4: Complete Revit Families for PreModu on object level

C6.5: Complete Revit modeling families on modular level

C7.1 Cost data in ERP must be complete in terms of PreModu

C7.2: Cost data exchanges from ERP to Excel must be standardised

C8.1: Dynamo must be able to extract all cost data at any time

C8.2: Dynamo must be able to read BIM models, components and parameters
C8.3:Dynamo must connect object data to the corresponding cost data

C8.4: Automated checks should be incorporated in the dynamo script to evaluate results
C8.5: The total costs and a log report should be the output of the Dynamo player

TABLE 6.15: Value and conditions that Scenario 2 entails

potential values of the scenario, and subsection 6.5.4 concludes by summarising the conditions
and values.

6.5.1 Working in context of Emergo

A design configurator is applicable for the modular house branche of Emergo, since this sector
revolves around standard house types, modules and module variations. In fact, Emergo already
made their interest in such a configurator platform noticeable through previous research'’, showed
in the BIM uses of Table 5.1. However, this is considered to be a long-term development, neces-
sitating developments of PreModu’s concept on multiple aspects. As explained, this scenario is
derived in a theoretical manner, where practical elaborations are unrealistic at this point. Emergo
aims for a configurator that is used during the project start up phase, enabling clients to get a first
look of what their project will look like. Consequently, the configurator is projected to be derived
on conceptual level, rather than providing technical details.

Once a design configurator is available for PreModu, cost data can be achieved through connect-
ing the internal cost database and the kit-of-parts via a Dynamo script. A cost database containing
conceptual costs is derived, which is the input for conceptual cost estimations in the design con-
figurator. In this way, a client can already examine the projected costs for their projected design
preferences. Figure 40 highlights the working of integrated cost estimations with the conceptual
design phase

10BIM uses in Modular Construction
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Conceptualcost Design configurator
database with costs

'
;5—_@ -’ Dynamo
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FIGURE 40: Scheme of the working of scenario 3 for PreModu

Input: Revit kit-of-parts and

Cost database = Dynamo script

cost data from ERP

Step 1: Establish a design platform

Evidently, before cost estimations can be integrated with the design phase, a design platform
needs to be established by Emergo. Figure 41 reveals a simplified version of the working of such
a configurator platform. User inputs are converted to a customised product via configuration rules,
using standard components from the kit-of-parts.

Product structure

ofeNele
ok
O Kit-of-parts .
Customized product
| | O

— Configuration O . . .

rules :
User inputs . O
4 v

O Specified part

FIGURE 41: Structure of product configurators, derived by Cao et al. (2021)

The kit-of-parts structure is a database with a series of reusable building instances, such as linear
components (e.g. beams), planar components (e.g. panels) and even volumetric components (e.g.
modules). The last one, the modules, are the one that is most applicable for Emergo since this
design configurator will be on conceptual level, reducing the need for detailed drawings. A library
of 3D models in Revit, supported by 2D drawings in Autocad and technical documents could be
used to maintain and manage the kit-of-parts (Cao et al., 2021).

The configurator rules can be divided into four categories, according to Cao et al. (2021). The
following rules need to be developed:
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* Composition rules: Determine which parts are mandatory and which are optional. In terms
of Emergo, a house could not be built without a house type, roof type, front type, back type
and side type. These aspects could be at least mandatory

* Compatibility rules: Rules that adress which components cannot be modeled simultan-
eously. For example, if facade finishing type A is selected, consequences could influence
the finishing types for the rest of the house.

* Dependency rules: Automatically selects mated parts, if an initial part is selected. This
could apply for the type of bathroom, where a luxury bathroom automatically is connected
to the set of luxurious bathroom components.

* Cardinality rules: Obtains the required or limited number of parts under the project envir-
onment. A number need to be assigned to define the quantity of a product with a cardinality
rule, for example the number of house type A.

Besides the 3D models that are maintained in an design software, such as Revit, more applications
are necessary. The system architecture of Cao et al. (2021) is based on a three-tier architecture.
First of all, a web framework is necessary as a graphical user interface (GUI). This is where the
user can select their preferences and the resulting models are shown. Subsequently, the application
tier translates the user inputs to the model, executing the core functionality of the configurator.
Data is established out of the data tier, where raw files and the objects are stored.

Step 2: Establish a conceptual cost database

The method of cost estimations is similar to the method explained in section 6.4. Yet, the data-
base can vary depending on the level of detail that is incorporated within the resulted models of
the design configurator. Presumably, the configurator will provide initial conceptual outlines to
the ideas of the client, meaning that not all technical details are included within the design. Con-
sequently, a fully automatic dynamo script that is used for automatic project cost estimations is
too extensive and potentially unusable for the design configurator.

Instead, a conceptual cost database has to be established for every module or component that
is located in the kit-of-parts. A modified dynamo script can accomplish the costs of each compon-
ent. There are modules that have a fixed price, independent on which type of house is selected,
such as type of bathroom and type of roof window. However, there are also prices for modules that
are dependent on the house type due to variable dimensions. In this case, it is necessary to obtain
a cost price per dimensions, such as squared metre. An conceptual example is given in Figure 42.
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FIGURE 42: Scheme of deriving a cost database for the kit-of-parts

Step 3: Determine initial costs in the design configurator

The conceptual cost database ensures that the costs are known. These data entries can be handled
in multiple methods, for example by already incorporating the costs in the modules In fact, the
cost data can already be implemented within Revit if desired with the use of the same of a new
Dynamo script. Other add-ins such as DiRoots'! can also realise parameter adaptions by linking
Revit to Excel. Figure 43a shows the initial scheme, supplemented with the structure to implement
cost data in the modules

Another way is to link the conceptual design, that has been formed by the user preferences, to
the cost database at the end. Thus, extracting the modules out of the design and connect them to
the correct cost item. This methods is more similar to the tools that are explained in section 6.3,
namely extracting information and connect them to the cost data. Figure 43b shows the initial
structure, added with the scheme that connects the design parameters with the cost items after the
design has been made.

HDiRoots
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FIGURE 43: Two examples of cost and design configurator integration

6.5.2 Conditions

For this scenario, the most conditions can be derived as multiple concepts have to be developed.
The design configurator can be unravelled into a large number of conditions itself, as it is a tool
to be developed completely. In these cases, the condition is limited to the presence of the tool itself.

The conditions for the third scenario of PreModu are falling under the following categories: Mod-
eling conditions for PreModu, Standardised cost data and exchanges conditions, Conditions for
information needs, according to (1SO 19650-1) and Design configurator conditions. Explicit con-
ditions are derived under the categories below, where all conditions for the scenarios are summar-
ised in Table 7.1.

Modeling conditions for PreModu

Similar to previous scenarios, the level of information needs have to be determined, according
to LOIN (ISO 19650-1), reusing C6.1: Establish an information development document, ac-
cording to LOIN (ISO 19650-1). Currently, PreModu contains a standardised component level
of 85%, which means that there are still variable components left. There are Revit Families de-
veloped for the current 85%, but this is incomplete. For example, gutter type A and B are included
as an instance within a Revit Family, but gutter type C is not. A complete Revit Family has to be
developed for the initial 85%. Therefore, the requirements C6.4: Complete Revit Families for
PreModu on object level and C6.5: Complete Revit modeling families on modular level. In
contrary to scenarios 1 and 2, The design configurator requires a standardisation level on mod-
ular and concept level, meaning that not every detail has to be modeled. In fact, for the design
configurator, the necessary developed objects are dependent on the desires of which modules are
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implemeted in the configurator. All the modules that are desired in the configruator, have to be
included in a as a modeled family instance in the kit-of-parts.

Standardised cost data and exchanges conditions

Similar to the component library, not all fixed cost estimations are predefined for the standardised
85% of PreModu. Referring back to Table 6.12, predefined cost estimations for bathroom type A
is defined for house 6, but predefined cost estimations for bathroom type B is lacking for house
6. The cost estimations must be predefined and complete for these options, resulting in C7.1 Cost
data in ERP must be complete in terms of PreModu. For the design configurator, the standard-
ised component level need to be further expanded to the full 100%, if standardised components
are developed. Also, for the complete conceptual component library, data exchanges have to be
standardised, requiring C7.2: Cost data exchanges from ERP to Excel must be standardised.

Conditions for information needs, according to (ISO 19650-1)

In this case, data need to be generated per module on conceptual level. The conditions C2.1
Complete geometric information, C2.2: Complete alphanumerical information and C2.3:
Presence of all documents in the right format are re-used while it does not refer to a project
BIM model but it refers to the kit-of-parts for every component/ module. For every module in
the kit-of-parts, the necessary information to determine its cost is required. This could differ per
conceptual module. For example, if all the different front facade types are encapsulated as modules
in the design configurator and thus the kit-of-parts, necessary cost information has to be modeled.
For front facade types, this could be the material of wall finishing, the frame opening material, the
squared metres per wall finishing material. This should thus be developed and available per module
in the kit-of-parts. Again, this is dependent on which modules and preferences are desired in the
design configurator. Since customers are deriving their own conceptual design, which leads to
corresponding predefined conceptual costs, LOD 100'? is already sufficient. Note that if the client
is satisfied with this conceptual design, the design process will start and LOD 300 is necessary for
the actual design and cost estimation process, as explained in Scenario 1B and 2 from PreModu.

Design configurator conditions

Additionaly, new conditions arise through implementation of the design configurator. C9.1:
Model every instance of a family type in a Kit-of-parts. Clearly, the design of the design config-
urator can unravel itself in a significant number of conditions. However, the outline of the design
configurator is out of the scope for this research, resulting in limited conditions. The conditions
are limited to C9.2: Establish a web-based design configurator platform and C9.3: Utilise and
connect Revit and Excel databases as the Data tier

There are two levels of cost data that needs to be established. First of all, the conceptual cost
database, which derives a cost item for every instance in the kit-of-parts. Dynamo seems to be the
easiest way to do this, and is already proved in section 6.4. A similar, yet Dynamo adapted script
can be utilised to establish a cost database for the modules in the kit-of-parts. C9.4: Dynamo
script that derives conceptual cost items.

On the other hand, the conceptual cost items must be translatable into conceptual project para-
meters, defined by the user of the design configurator. This can be achieved in various manners,

121 evel of Development (LOD), originally founded by AIA and adopted by BIMForum
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such as Dynamo to implement cost data in the modules or connect the resulted design to the con-
ceptual cost database. In Cao et al. (2021), Application Programming Interfaces (API) are utilised,
such as MongoDB. In conclusion, the condition is limited to C9.5: Link project specifications
to the conceptual cost items and leaves the method unspecified.

6.5.3 Process changes and value

Potentially, this scenario can have the most changes. Actually, for this scenario specifically, the
cost estimation process must be extended. Revealed in Figure 44b, a web-based design platform
is supplemented to the current process structure, which is fed from PreModu’s databases.

The client can explore PreModu’s potential through an independent online platform or with guid-
ance from an Emergo representative. This allows for gathering and analyzing multiple designs
to select the most suitable one. Dynamic cost estimations ensure that design or cost database
changes reflect the latest prices per component and for the overall design. Upon approval of the
design and conceptual price, clients can request a quote for further development, benefiting from
Automatic indication prices. An online platform can potentially expand Emergo’s client base, in-
creasing Reach of clients. Moreover, Automatic client interaction reduces effort for both parties,
enhancing overall satisfaction. Visualizing conceptual designs can also improve Client satisfac-
tion by providing a clearer project vision. Additionally, data obtained through the platform can
inform strategic decisions, leveraging Data analytics.

103



6.5. PREMODU 3: INTEGRATED COST ESTIMATIONSCHAPTER 6. SCENARIO DESIGN

Request for quote Terminate process
Register general - -
e Store project Provide dlient
project 5 N - Indication price
> e information in with indication
information in approved?
ERP folder price

]
A4

Hard Drive

ERP System

project |
information -
[Hard Drive G:\] | =

Database

Select standard Derive
Eam e model of house Architectural
types Model for project

—

BIM Software

Current process outline

(A) Old process outlinte

A
A,Q Changed
process

4

| configurator
platform

task

|
-

Request for quote

Hard Drive

[]

Reduction
of
issue(s)

ERP System

Database

M Software

New process outline scenario 3

(B) New process outline (PreModu scenario 3)

FIGURE 44: Old process outline vs. new process outline, PreModu scenario 3

On the technical front, the linkage between conceptual components in Revit’s kit-of-parts library
and corresponding cost items enables Complete automatic cost estimations at a conceptual level.
Database transitions are automated through Connected databases, reducing manual intervention.
Depending on the design’s detail level, it can be reused at various stages, automatically regis-
tering project information in ERP or deriving preliminary designs in Revit. Future plans include
web-based platforms capable of importing, designing, and exporting Revit databases, streamlining
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integration with Timber Modeling System A and potentially automating parts of the supply chain.
This integration offers the Possibility to integrate with the supply chain, fostering Enhanced
standardisation and efficiency across the product lifecycle.

6.5.4 Summary of scenario

This scenario is plainly the one that requires the most developments and implementations. Mean-
while, the scenario is reaching a high-level of automatisation across PreModu’s cost estimation
process and the entire concept. This high level of automatisation touches the characteristics of
industry 4.0 in the construction sector. Table 6.16 shows the conditions and value of the scenario.

C2.1: Complete geometric information Complete automatic cost estimations
C2.2: Complete alphanumerical information Connected databases

C2.3: Presence of all documents in the right format Dynamic cost estimations

C6.1: Establish an information development document, according to LOIN (ISO 19650-1) Accurate measurements

C6.4: Complete Revit Families for PreModu on object level Potentially faster

C6.5: Complete Revit modeling families on modular level Enhanced standardisation

C7.1: Cost data in ERP must be complete in terms of PreModu Automatic indication prices

C7.2: Cost data exchanges from ERP to Excel must be standardised Automatic client interaction

C9.1: Model every instance of a family type in a Kkit-of-parts Client satisfaction

C9.2: Establish a web-based design configurator platform Reach of clients

C9.3: Utilise and connect Revit and Excel databases as the Data tier Data analytics

C9.4: Dynamo script that derives conceptual cost items Possibility to integrate with supply chain
C9.5: Link project specifications to the conceptual cost items

TABLE 6.16: Value and conditions that Scenario 3 entails

6.6 Conclusion

In this chapter, the design of scenarios is conducted, which constitutes the culmination of our
investigation into the research question (3) Which BIM-based scenarios can be employed and
tailored to meet specific requirements? In total, five scenarios have been devised, encompassing
three for PreModu and three for PreFab. The PreFab scenarios center on information takeoffs
and parametric modeling for generating roof elements. Conversely, the PreModu scenarios also
incorporate information takeoffs, alongside automated cost estimations facilitated either through
Dynamo or via a configurator.

Each scenario is accompanied by a set of conditions, detailed individually and consolidated in
Table 7.1. Similarly, the value proposition of the BIM solutions is delineated for each scenario
and summarized in Table 7.2. Furthermore, the validation and verification of these scenarios have
been undertaken through requirements checks and focus group sessions.
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Chapter 7

Roadmap design

In this chapter, the derived BIM scenarios are evaluated and placed within a roadmap, outlining
the various pathways that Emergo can pursue to enhance cost estimations through the adoption of
BIM methodologies. Addressing the following research questions:

4. What are useful criteria for assessing the BIM scenarios and how are these translated to a
roadmap for Emergo?

(a) How can the scenarios be assessed to evaluate the feasibility, benefits, and potential
challenges of the derived scenarios in the context of PreModu and PreFab projects?

(b) How can a strategic roadmap be designed to guide Emergo in the successful imple-
mentation of BIM scenarios to enhance the efficiency and integration of the calculation
processes for both PreModu and PreFab projects?

Initially, the derived scenarios undergo assessment for their feasibility, benefits and challenges.
scenarios are evaluated in consultation with stakeholder from Emergo where the working, condi-
tions and value as main topic of the discussion. Finally, the scenarios are assessed, based on these
meetings and findings.

Subsequently, a roadmap is developed following the design cycle outlined by Wieringa (2014).
By aligning stakeholder goals with literature-derived roadmap guidelines, necessary design re-
quirements are established. These requirements, along with the scenario assessments, serve as
the foundation for designing the roadmaps. Finally, the validity of these roadmaps is verified in
collaboration with the client and through a requirement’s check.

7.1 Scenario Assessment

Given the conceptual state of each scenario, quantitative assessment is impractical, lacking metrics
such as accuracy enhancement, time reduction, or precise costs. Therefore, a qualitative approach
is adopted. Each scenario is examined in its potential application at Emergo, including the neces-
sary conditions and eventual value it offers. These aspects form the basis of the scenario evaluation
conducted with Emergo stakeholders, guiding the assessment process.

Feasibility is contingent upon meeting the conditions required for scenario implementation. By
addressing these conditions, the feasibility of each scenario can be determined, identifying ne-
cessary actions. Benefits stem directly from the value proposition of each scenario. Conversely,
potential challenges are assessed based on the complexity of meeting conditions and inherent risks
associated with each scenario.
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7.1.1 Feasibility

The conditions tend to be crucial to assess the feasibility of each scenario, as they provide the
resources that enable a scenario. All conditions are detailed in Table 7.1, accompanied by an
occurrence check for each scenario. This analysis reveals the frequency of each condition and
facilitates comparison between scenarios. Additionally, conditions for PreFab can be categorised
into those directly controlled by Emergo and those influenced by external factors. Consequently,
Table 7.1 segregates conditions into internal and external categories, with internal conditions being
more manageable. Conversely, for PreModu, all conditions are deemed within Emergo’s reach.

Conditions PF:Ext. PF1 PF2.a PPF2.b ‘ PMl.a PMl.b ‘ PM2 PM3

C1: Quality conditions for BIM models

C1.1: Correctly classified BIM Models

C1.2: Correctly modeled BIM

C1.3: Complete BIM model

C2: Conditions for information needs, according to (ISO 19650-1)

AN

AN
<
<
<
<

C2.1: Complete geometric information

C2.2: Complete alphanumerical information

C2.3: Presence of all documents in the right format
C3: Conditions for information takeoff’s procedures

NN
SN
SNANEN
SNANEN
SN
SNANEN
SN
SNENEN

C3.1: A check for classification issues
C3.2: A check for quality of the BIM

v v

v v
C3.3: Establish an information requirement document, according to LOIN (ISO 19650-1) | v/ v v v
C3.4: Standard ITO definitions v v v v
C3.5: Raw data processing algorithms in cost estimation software v v v v v v
C3.6: Standardised and complete component library in cost estimation model v v v v
C3.7: Complete cost items in cost estimation models v v v v v v

C4: Dynamo script conditions to generate roof models
C4.1: Dynamo script must result in roof elements
C4.2: Dynamo script provide an error log
C5: Revit conditions to generate roof elements
C5.1: Revit skills by cost estimator v v v
C5.2: A Revit family must be ibl ining Emergo’s dard roof types v v v
C5.3: Derive or adapt technical details based on the generated roof model v v v

C6: Modeling conditions for PreModu

C6.1: Establish an information development document, according to LOIN (ISO 19650-1) | v/ v v v v
C6.2: BIM model must be established out of PreModu’s Revit libraries v v v v
(C6.3: Object must be related to a house number of modeling group) v v 4 v
C6.4: Complete Revit Families for PreModu on object level v v v v
C6.5: Complete Revit modeling families on modular level v v v v

C7: Standardised cost data and exchanges conditions
C7.1: Cost data in ERP must be complete in terms of PreModu
C7.2: Cost data exchanges from ERP to Excel must be standardised
C8: Dynamo scripts conditions for automated cost estimations
C8.1: Dynamo must be able to extract all cost data at any time v v
C8.2: Dynamo must be able to read BIM models, components and parameters v v
C8.3: Dynamo must connect object data to the corresponding cost data v v
C8.4: Automated checks should be incorporated in the dynamo script to evaluate results | v/ v
C8.5: The total costs and a log report should be the output of the Dynamo player v v
C9: Design configurator conditions

C9.1: Model every instance of a family type in a kit-of-parts

C9.2: Establish a web-based design configurator platform

C9.3: Utilise and connect Revit and Excel databases as the Data tier
C9.4: Dynamo script that derives conceptual cost items

C9.5: Link project specifications to the conceptual cost items

Number of Internal/External conditions

I NENENENEN
I SANENEN

716 | 93 9/4 11/0 15/0 17/0

TABLE 7.1: All conditions divided among internal and external conditions, and listed on
appearance per scenario

For PreFab, Scenario 2A requires one condition less (12) than the other two scenarios (13), as
it does not necessarily demands a BIM model. Scenario 2B, on the other hand, necessitates the
presence of a correct BIM model, including accurate roof geometries. Both Scenario 2A and
2B share overlapping conditions for the remaining aspects. In contrast, Scenario 1 entails a sim-
ilar number of conditions as 2B (13), but the composition of conditions differs, particularly in
the division between internal and external factors. For Scenario 1, Emergo is heavily reliant on
external factors such as BIM model classification and data quality, resulting in fewer internal con-
ditions compared to the roof generator scenarios. Based on the condition evaluation, the feasibility
ranking from most to least feasible is as follows:

1. PreFab Scenario 2A
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2. PreFab Scenario 2B

3. PreFab Scenario 1

For PreModu, all conditions are considered internal, as Emergo oversees the entire process and
BIM models are developed on its behalf. Scenario 1 is associated with the fewest number of con-
ditions (11). Surprisingly, Scenario 3 only requires 13 conditions. However, the abstract nature
of some conditions (e.g., C9: Establish a web-based configurator platform) means that they
entail additional research and thus additional conditions for these specific developments. There-
fore, in reality, the design of this scenario entail significantly more requirements than the stated 13.
Scenario 1B is an extension of 1A, adding four additional conditions focused on complete data
libraries. Scenario 2 shares an equal number of conditions with 1B, concerning BIM model and
data library developments. However, the technical approach results in a different number of condi-
tions, with more conditions associated with Dynamo script development compared to information
takeoffs.

1. PreModu Scenario 1A
2. PreModu Scenario 1B & 2
3. PreModu Scenario 3

7.1.2 Benefits

The values of each scenario can be compared to evaluate their benefits. Since these values are not
linked to quantitative data such as time reduction or accuracy improvement, a qualitative approach
is necessary. Table 7.2 presents the various values contributed by each scenario, categorised into
benefits for PreFab and PreModu.

Values for PreFab PF1 PF2.a PPF2b | - - - -
Accuracy v v
Potentially faster
Automatic measurements
Automatic quantification
Automatic division of roof elements
Timber Modeling System A-integration
Exploit other BIM-uses (construction analysis)
Values for PreModu - PMl.a
Accuracy v

v

v

v

NSNS

NSNS
AN N N NN

PM1.b PM2

o
=
w

Potentially faster

Automatic measurements

Automatic quantification

Complete automatic cost estimations
Dynamic automatic cost estimations
Connected databases

Client interaction, satisfaction and reach
Data analytics

Supply chain integration

AN NS
AN N NA Y

A YN N N N N N N

TABLE 7.2: All values listed on appearance per scenario

In terms of PreFab, Scenario 1 offers value similar to 2A and 2B, yet at a different level. While
Scenarios 2A and 2B focus on roof elements, Scenario 1 targets other components like windows.
Comparing these values directly proves challenging due to the varying nature of the components.
Nevertheless, since the roof is a pivotal component in PreFab projects and its division is a time-
intensive task in cost estimation, Scenarios 2A and 2B tend to provide more value. Moreover,
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Scenario 2B surpasses 2A as it eliminates the need for manual roof measurements. Consequently,
the order of value within PreFab is as follows:

1. PreFab Scenario 2B
2. PreFab Scenario 2A
3. PreFab Scenario 1

For PreModu, comparing values is more straightforward as all scenarios contribute to similar tasks.
Scenario 1B introduces one additional value compared to 1A, which significantly enhances the
cost estimation process by transitioning to complete automated calculations. Moving forward,
Scenario 2 offers more value than 1B by avoiding manual data exchanges through integrated
databases. Finally, Scenario 3 yields the highest value, not only automating the cost estimation
process but also integrating prior and subsequent processes, extending the benefits beyond mere
cost estimations. Based on this evaluation, the order of benefits within PreModu is determined as
follows:

1. PreModu Scenario 3
2. PreModu Scenario 2
3. PreModu Scenario 1B
4. PreModu Scenario 1A

7.1.3 Challenges and costs
Challenges

The scenario assessment concludes with an examination of the potential challenges associated
with each scenario, which have been identified through scenario evaluations involving multiple
stakeholders at Emergo. These challenges may arise even if all conditions are met, representing
inherent risks to the implementation of each scenario. The identified challenges for each scenario
are as follows:

¢ PreFab Scenario 1

— Missing elements in the BIM model are undetected by quality checks and remain ex-
cluded from information takeoffs, leading to the fact that they are not taken into ac-
count.

— Maintaining the current level of detail in Emergo’s cost estimation model may be chal-
lenging with the implementation of Scenario 1, necessitating potential revisions to the
cost estimation process, such as relying more on square meter prices rather than object
prices.

— There is a risk of losing Emergo’s expertise if the cost estimation process becomes

more automated, potentially resulting in missed opportunities for enhanced solutions
or design changes.

¢ PreFab Scenario 2A

— Standardising design flexibility poses a significant challenge, as PreFab designs can
vary widely, requiring numerous input variables to generate a roof. Manual adjust-
ments of the generated roof model are likely to be necessary, which may be time-
consuming, potentially offsetting any time reductions.
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— Cost estimators may need to make manual adjustments, supplementing modeling tasks
in the cost estimation process and requiring a solid knowledge of Revit. Resistance to
such drastic changes in the roles of cost estimator employees may arise.

¢ PreFab Scenario 2B

— Similarly, as seen in scenario 2A, cost estimators will need a base level of Revit experi-
ence, and their roles will change, potentially facing resistance from the cost estimation
department.

¢ PreModu Scenario 1A

— No significant risks or challenges have been identified for this scenario.

PreModu Scenario 1B

— Maintaining the background processes poses a challenge, including the maintenance
of standard ITO’s, manual data exchanges and data processing formulas. These back-
ground procedures may introduce errors that are difficult to detect, particularly after
concept changes in PreModu.

PreModu Scenario 2

— The main risk with this scenario lies in the background processes. The dynamo script
required for all PreModu components can be complex and error-prone, requiring ad-
equate and careful maintenance to ensure its accuracy.

¢ PreModu Scenario 3

— Determining the appropriate level of complexity within the designs offered by the
configurator poses a challenge, as it must align with client expectations while accom-
modating unique solutions within the PreModu process. Some clients may prefer per-
sonalised interaction over a configurator.

— Sharing information with competitors is a risk, as initial cost data will be made public,
allowing competitors to adjust their strategies and prices accordingly.

Costs

While this research does not delve into estimating the absolute costs per scenario, it allows for
relative comparisons between them. This section presents assumptions regarding costs, with a
recommendation for further research to obtain precise figures.

For PreFab, scenarios 2A and 2B focus on internal developments, whereas scenario 1 also in-
volves external BIM model developments. Consequently, scenarios 2A and 2B are expected to
incur higher expenses due to the development of parametric roof modelers in Revit.

In the case of PreModu, scenario 1 appears to have lower costs, primarily requiring the develop-
ment of standard ITO and cost estimation procedures. Conversely, scenarios 1B, 2, and 3 necessit-
ate the development and completion of libraries, which can be costly. However, these expenses are
common to all PreModu scenarios. Scenario 3, however, involves additional developments such
as the kit-of-parts and the house configurator, making it potentially significantly more expensive
than the other PreModu scenarios.
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7.1.4 Conclusion of assessment

In conclusion, the scenarios could not be evaluated in a quantitative manner due to the lack of
quantitative data. On the other hand, qualitative assessment is accomplished for feasibility, benefits
and challenges via scenario evaluations with stakeholders including working, conditions and value
as main theme. These insights turned out to be very useful in prioritising the scenarios and gave
input for the sequence and interpretation of the roadmap. The sequel in the roadmaps is thus
supported by this assessment, which is further explained in section 7.3 per branche, PreFab and
PreModu

7.2 Roadmap template

Per concept, PreFab and PreModu, the evaluated and assessed scenarios have to be placed in a
strategic outline, a roadmap. To derive these roadmaps, another iteration of the design cycle (Wi-
eringa, 2014) has been applied. In this section, the roadmap requirements are derived, resulting in
aroadmap template. The requirements are derived via stakeholder needs, which are supplemented
with general requirements for roadmapping located in literature.

7.2.1 Stakeholder needs

At the outset, this research aimed to identify BIM-based scenarios to enhance cost estimation pro-
cesses for both PreFab and PreModu. Moreover, it sought to assess and compare these scenarios
using a roadmap framework. For Emergo, such a roadmap is indispensable for making strategic
decisions, offering a clear timeline of scenarios along with their associated costs and benefits. The
problem analysis in section 1.4 highlighted a lack of strategic direction in implementing BIM for
improved cost estimation processes at Emergo. Furthermore, the detailed process analyses of the
cost estimation processes for PreFab and PreModu in 3.2 underscored the specific issues that the
BIM scenarios are intended to address.

These specific BIM scenarios need to be integrated back into the broader strategic perspective,
zooming out to return the research focus to a strategic level. These identified problem statements,
combined with insights from stakeholder interviews, have led to the following needs for Emergo:

* Need for a strategic overview for each concept, PreFab, and PreModu, mapping the current
state to the desired state of the cost estimation process.

* Need to include various strategic routes and optional pathways that can be pursued to
achieve the desired state.

» Need to divide these strategic routes into multiple actionable steps, delineating the necessary
actions to realise the scenarios.

* Need for a development of an estimated timeline indicating when the scenarios and the
desired state of the cost estimation process can be achieved.

* Need for an identification of the direct conditions that must be fulfilled to unlock the imple-
mentation of each strategic step or scenario

» Need for a provision of an overview of the benefits associated with each scenario, encom-
passing both immediate process-level benefits and broader conceptual or market-level ad-
vantages that can be attained
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7.2.2 Roadmap characteristics from literature
Definition

Originally rooted in industrial engineering, roadmapping has evolved into an effective method for
aligning investments in technologies. It has found application across various systems, from pro-
cesses to organisational and sectoral levels, and even at an international scale. Today, roadmapping
is widely adopted by diverse domains and sectors to tackle challenges or drive initiatives (Kerr and
Phaal, 2021).

A roadmap serves as a planning and alignment tool for organisations. It outlines future goals
in a timeline and ensures coordination across different aspects and perspectives to achieve these
objectives. Roadmaps provide valuable input for decision-makers and support strategic commu-
nication (Kerr and Phaal, 2021). The following definition for a roadmap has been defined by Kerr
and Phaal (2021), which is unravelled into characteristics in the next section:

* A roadmap is a a structured visual chronology of strategic intent

Characteristics

The characteristics of a roadmap, as defined by Kerr and Phaal (2021), along with additional
insights from connected literature, are outlined below.

1. Structured visual: A roadmap is primarily visual, aiding in knowledge construction and
communication. Its graphical representation facilitates information transfer and enhances
understanding (Phaal and Muller, 2007; Phaal et al., 2008; Phaal and Muller, 2009)). Behind
the visual elements lies an organised information structure detailing the current state of the
process and the conditions required for progression towards the desired state. Additionally,
the inclusion of a time variable makes the roadmap dynamic (Kerr and Phaal, 2021).

2. Strategic Intent: The roadmap embodies a strategic intent, representing a vision or direc-
tion for the future. It articulates a unique perspective on competitive innovation and flex-
ibility, increasing the likelihood of achieving strategic objectives by coordinating different
aspects of the plan (Kerr and Phaal, 2021).

3. Chronological Order: A roadmap follows a chronological order, narrating the logical con-
nections between information elements. Each layer of the roadmap represents a chapter or
checkpoint, contributing to a cohesive narrative. Chronological sequencing accommodates
dynamic changes and future possibilities (Kerr, 2021).

4. Layered Structure: Phaal and Muller (2009) emphasize the importance of a multi-layered
approach in roadmapping. This structure allows for different levels of detail regarding
strategic intentions. The top layers addresses the Why?, elaborating the developments on
concept and organisational level, as well as the broad developments such as: market, social,
technical, environmental, economical, and political. The middle layer focuses on the What?,
which is the direct product or service to be developed. Lastly, the bottom layer encompasses
the How? resources like technology, skills, and finance necessary for implementation (Phaal
and Muller, 2009).

7.2.3 Roadmap requirements and template

In this section, the treatment requirements for the roadmap can be established. The stakeholder
needs for the roadmap and general roadmap characteristics from literature can be combined to
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Characteristics .
Stakeholder needs Treatment requirement

Need for a strategic overview for each concept,
PreFab, and PreModu, mapping the current state to
the desired state of the cost estimation process

Strategic Intent
Structured visual

R1.1 Roadmap must start from as-is scenario
R1.2 Roadmap must end at the desired state of
the cost estimation process

R1.3 The desired state of the cost estimation
process must include a vision

R1.3 Roadmap must entail one strategic route
for one concept (PreFab/PreModu)

R1.4 Roadmap must be represented in one
visual

Need to include various strategic routes and op-
tional pathways that can be pursued to achieve
the desired state

R2.1 Roadmap must include all possible routes
that Emergo can take to reach the desired state
R2.2 Roadmap must reveal optional pathways

Need for to divide these strategic routes into mul-
tiple actionable steps, delineating the necessary ac-
tions to realise the scenarios.

R3.1 Roadmap must include crucial steps that
unlock the scenarios

Need for a development of an estimated timeline
indicating when the scenarios and the desired state
of the cost estimation process can be achieved

Chronological Order

R4.1 Roadmap must contain a timeline
R4.2 The scenarios must be placed in the estim-
ated point of time

Need for an identification of the direct conditions
that must be fulfilled to unlock the implementation
of each strategic step or scenario

RS5.1 Each scenario must be connected to the ne-
cessary conditions

R5.2 The conditions must be placed in order of
development sequence

Need for a provision of an overview of the benefits
associated with each scenario, encompassing both
immediate process-level benefits and broader con-
ceptual or market-level advantages that can be
attained

R6.1 Value for cost estimation processes must be
revealed per scenario

R6.2 Value on broader (organisational/market)
level must be revealed per scenario

R6.3 Value must be placed in order of achieve-
ment sequence

Layered Structure

R7.1 The bottom layer must contain the condi-
tions (the how?)

R7.2 The bottom layers must distinguish in-
ternal and external conditions

R7.3 The middle layer must contain the scen-
arios (the what?)

R7.4 The top layer must contain the values (the
what?)

TABLE 7.3: Treatment requirements for the Roadmap

derive the treatment requirements. Subsequently, a template can be established in which the scen-

arios can be placed.

A roadmap template, depicted in Figure 45, is derived following the characteristics and framework
outlined by Kerr and Phaal (2021); Phaal and Muller (2009). This generic template is applicable
to both PreFab and PreModu. The top layer is regarded as the "why?" layer, addressing general
market and process-related aspects of PreModu or PreFab separately. The middle layer focuses
on the cost estimation scenarios, considered as the "what’s", whose functioning contributes value
to the top layers. The bottom layer introduces the conditions that ensure the functioning of the
scenarios, thus the "how’s". All layers have a timeline for the current and desired states of each
layer, where Emergo’s vision for cost estimation’s is included in the middle layer.
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FIGURE 45: Roadmap Template, based on (Kerr and Phaal, 2021; Phaal and Muller, 2009)
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7.3 Final Roadmaps

In section 7.1 and in section 7.2, the scenarios have been evaluated and the roadmap requirements
have been established and translated into a roadmap template. Combining these two aspects, can
result in the final roadmaps, where the evaluation of the scenarios is the input while the template
is the framework in which the evaluation becomes visible.

7.3.1 PreFab’s Roadmap

In the evaluation conducted in section 7.1, it became evident that PreFab Scenario 1 exhibited
the least feasibility and offered fewer potential benefits compared to PreFab Scenarios 2A and
2B. As a result, this scenario has been positioned last in the timeline. When assessing PreFab
Scenarios 2A and 2B, they were found to be relatively equal. However, Scenario 2B presents
additional advantages by eliminating the need for manual measurements and adjustments, as it
involves copying the outline of existing roof components. Conversely, Scenario 2A is more feas-
ible as it doesn’t necessitate existing BIM models. The challenges associated with both scenarios
are also quite similar. Therefore, they have been included as options within the roadmap, which
is logical considering the likelihood of implementing both scenarios is lower. This sequence has
also been validated through consultation with Emergo.

The roadmap of PreFab is visible in Figure 46 and commences with the creation of an information
exchange document, conforming to LOIN (ISO 1965-1), which serves as an internal prerequisite
for all PreFab scenarios. This document enables Emergo to influence the development of BIM
models provided by clients, offering potential incentives such as discounts while respecting client
preferences to mitigate the risk of losing clients. Additionally, Emergo can establish agreements
with regular clients regarding required information, providing a level of influence over external
conditions (C1.1 - C2.3). Thus, Emergo is not in control of these external conditions, yet not
powerless.

Subsequently, the initial focus is on generating roof models, necessitating a choice between creat-
ing them from scratch (Scenario 1A) or overlaying existing BIM models (Scenario 1B). While the
latter option offers added value, it depends on the external quality of the BIM models. These scen-
arios are prioritised due to Emergo’s significant control over them, where conditions are mainly
internal. Standardised flows of data have to be developed and maintained to unleash all the be-
nefits, such as automatic element division and further integration with Emergo’s engineering soft-
ware, which is called Timber Modeling System A. This leads to a faster and more accurate process

Ultimately, Emergo aims to increase reliance on BIM information takeoffs from client-delivered
designs, with the goal of full deployment of scenario 1 and scenario 2A or 2B by 2026-2028,
contingent on the overall standardisation level of BIM models provided by clients. In the interim,
Emergo can begin generating core PreFab elements, such as roof components (scenario 2A or B).
Upon deployment of both scenarios, automated quantification, measurements, and cost estima-
tions become feasible, provided that standardised information takeoffs, quality checks, and data
processing routines are established beforehand.

From a market perspective, the transition to holistic data management contrasts with the initial

fragmented industry landscape, where data loss was prevalent. With these developments, coordin-
ated data management facilitates faster and more accurate processes.
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7.3.2 PreModu’s Roadmap

Based on the assessment detailed in section 7.1, the sequence of scenarios within the roadmap
has been established. Scenario 1A emerges as the most feasible option. Remarkably, this scen-
ario is already ripe for implementation, positioning it logically as the initial step despite offering
fewer benefits. Conversely, Scenario 3 ranks highest in terms of potential benefits but lowest in
feasibility assessment. This disparity arises from its reliance on the functionality of automated
cost estimations, thus necessitating the completion of Scenario 1B or Scenario 2 beforehand.
Moreover, Scenario 3 presents the most formidable challenges. Meanwhile, Scenario 2 exhibits
comparable feasibility scores to Scenario 1A but outperforms it in benefits due to reduced manual
data exchanges. Specifically, Scenario 2 facilitates cost estimation via interconnected databases,
automatically linked through a Dynamo script. Consequently, Scenario 2 claims the foremost
position in the roadmap. Nonetheless, the roadmap incorporates an option, allowing Emergo to
select between these scenarios, as they serve the same purpose. Thus, the choice between Scen-
ario 2 and Scenario 1A hinges on Emergo’s preference.

The roadmap for PreModu, depicted in Figure 46, shares similarities with PreFab’s initial focus
on developing information development documents (LOIN, ISO 1965-1). However, Emergo’s role
differs, as it determines modeling guidelines instead of information exchange requirements. This
utilises Emergo greater control over which information is developed in BIM models, enhancing
its influence over external conditions (C1.1-C2.3). Emergo outsources the BIM modeler, which
enables Emergo to demand these conditions.

Subsequently, Emergo can swiftly implement standard Information Takeoff (ITO) routines and
Scenario 1A. This scenario allows for the extraction of project-dependent data from BIM models,
resulting in additional value compared to the current cost estimation process, although the gained
value is considered low.

The pivotal step in PreModu’s roadmap is the acquisition of standard complete Revit families and
corresponding cost items, projected for completion by the end of 2025. Once these data libraries
are established, Emergo can leverage their significant value through various BIM-based methods,
such as information takeoffs, automatic cost estimations in Revit, or even integrated cost estima-
tions via a web-based design configurator. Subsequent scenario development and implementation
rely on these crucial conditions.

Ultimately, the endpoint for PreModu is integrated cost estimations by 2026, extending beyond
cost estimations to encompass the entire supply chain. Clients can initiate an online conceptual
design, which transitions into a preliminary BIM model in Revit. Timber-framed construction ele-
ments can be converted to production drawings through Timber Modeling System A-integration,
while all BIM model elements are automatically calculated and integrated with subsequent depart-
ments, including purchasing, production, and construction.

From a market perspective, this integrated workflow aligns with Emergo’s vision of producing
affordable houses efficiently, optimizing efficiency across the supply chain. This approach ad-
dresses current housing industry challenges such as shortages, high costs, and project overruns.

Comparison between the two roadmaps

One can immediately spot the main difference of both roadmaps, which already concludes remarks
about the difference of both concepts. The roadmap of PreModu is namely more extensive than
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the one of PreFab, which concludes several statements.

* First of all, the maturity of PreModu’s processes, meaning that they still are under a de-
velopment curve. This can be seen to the number of scenarios and number of conditions,
concluding that there is work to be done.

* On the other hand, the potential value of PreModu reaches more perspectives than PreFab.
The number of values that can be unleashed is greater, reaching beyond the cost estimation
processes.

* Moreover, the market value’s of PreModu are considered to be beneficial while PreFab’s
market contributions are characterised as problem-solving. PreFab scenarios are focussed
on a strategy to deal with unique and varying data while PreModu scenarios are focusing on
the benefits of standardised components, modules and cost items

» PreFab’s conditions are categorised into internal and external conditions, whereas PreModu’s
roadmap solely encompasses internal conditions. Despite the preliminary BIM model de-
rivation being outsourced, Emergo retains control over this process, thereby exerting a high
degree of power and influence. This underscores the divergent strategies between the two
concepts.

* In terms of timeline, the initial implementation of a scenario for both approaches is forecas-
ted for 2024. While PreModu’s inaugural scenario is already viable, PreFab’s requires fur-
ther development. Moreover, this scenario is expected to yield more value than PreModu’s
initial scenario.

 For both aspects, the first utilisation of a scenario is projected to be released in 2024. Pre-
Modu’s first scenario can already be exploited while PreFab’s first scenario needs some
developments. This scenario will also unleash more value than PreModu’s first scenario.

In conclusion, both processes could result in benefits for Emergo’s process outcomes. On top
of that, these benefits could be an example for the entire construction process, highlighting the
possible benefits of BIM and data integration’s.

7.3.3 Validation and verification

A conceptual iteration of the roadmap was initially developed, which underwent refinement and
finalization during a collaborative session with Emergo’s business developer, who initiated this
research. During this session, the placement and timeline of the roadmap were meticulously fine-
tuned, resulting in immediate validation.

Furthermore, a requirements checklist was distributed to multiple stakeholders at Emergo, solicit-
ing their feedback on whether all roadmap requirements for PreFab and PreModu were adequately
addressed, and if they concurred with both timelines. All respondents affirmed the accuracy of
the roadmaps and expressed agreement with their arrangement. Interestingly, all respondents also
noted that the envisioned state of PreModu is achieved earlier than PreFab’s desired state, despite
the developments that need to be conducted.

7.4 Conclusion

The design methodology outlined by Wieringa (2014) has been utilized once again in this study to
develop roadmaps for PreFab and PreModu. Research question (4) What are the relevant criteria

117



7.4. CONCLUSION CHAPTER 7. ROADMAP DESIGN

for assessing BIM scenarios, and how are these criteria translated into roadmaps for Emergo?
has been addressed. The criteria derived from stakeholder sessions, along with the associated con-
ditions and value for each scenario, were instrumental in evaluating the viability of each scenario.

All scenarios underwent assessment based on their benefits, feasibility, and challenges. In the
case of PreFab, Scenario 1 emerged as the least feasible, with minimal benefits. Scenarios 2A and
2B exhibited comparable attributes, with Scenario 2B offering greater benefits but posing feasibil-
ity challenges. These scenarios have been presented as optional for Emergo, providing flexibility
for their selection. Figure 46 illustrates the finalized roadmap, which was crafted based on these
assessments, scenario-specific challenges, and feedback from Emergo. The roadmap underwent
validation and verification following its development.

Similarly, the scenarios for PreModu underwent assessment, with Scenario 1A ranking highest
in terms of feasibility. Despite offering fewer benefits, it was prioritized as the initial step. Scen-
arios 1B and 2 were presented as alternate options due to their comparable performance in the
assessment. Scenario 3, with its lower feasibility score and higher number of conditions, was posi-
tioned last. The final PreModu roadmap, depicted in Figure 47, was crafted based on assessments,
scenario-specific challenges, and input from Emergo. Like its PreFab counterpart, this roadmap
also underwent validation and verification through stakeholder sessions and a requirements check.
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FIGURE 46: Roadmap for PreFab, based on the template of Kerr and Phaal (2021); Phaal and Muller (2009)
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FIGURE 47: Roadmap for PreModu, based on the template of Kerr and Phaal (2021); Phaal and Muller (2009)
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Chapter 8

Final Remarks

8.1 Discussion and limitations

In this section, the final results are discussed, including a reflective analysis of the final scen-
arios and roadmaps. These artifacts serve as the primary outcomes of our study, encapsulating the
essence of our design goals. Additionally, we address the inherent limitations of our research. Re-
cognising and acknowledging these limitations is essential, as they underscore areas for potential
improvement and avenues for future investigation.

8.1.1 Reflection on Final Results

The findings in this research build upon previous insights outlined in the position paper!. Within
this paper, the concept of Author cost estimate was identified as one of the BIM applications that
Emergo was keen on exploring. This study delved into this particular BIM application at a stra-
tegic level, providing guidance to Emergo in refining their BIM-based cost estimation process.
Moving forward, further research should delve into each scenario meticulously, focusing on the
realisation of the desired scenarios.

The final outcomes encompass the scenarios and corresponding roadmaps, synthesised into a co-
herent timeline. Derived and validated through consultations with multiple Emergo stakeholders,
these results align with the company’s long-term strategies. The roadmap strategically positions
scenarios and is valuable for Emergo to aid them in their decision-making processes concerning
the enhancement of cost estimation strategies. Emergo recognised that this research can aid them
in their strategic decision-making, where the working, conditions and value per scenario is intro-
duced. A logical timeline can guide Emergo towards their final destination, including crucial steps
to adopt each scenario.

However, The research’s extensive scope led to predominantly conceptual elaboration of each
scenario. Absent critical conditions, like a comprehensive Revit component library or complete
cost database, hindered full scenario implementation. Time constraints also limited depth, res-
ulting in proof of concept rather than full realisation, exemplified by conceptual exploration of
PreFab scenario 2B. Thus, scenario detail remains brief, serving as an introduction to concepts.
As a consequence of the incomplete realisation of each scenario, solutions were verified concep-
tually, impeding assessment of accuracy and speed until scenarios are fully operational. Thus,
requirements were verified potentially, suggesting the scenarios can achieve defined objectives.
Consequently, the conceptual nature of each scenario and the uncertainty surrounding their final

BIM Uses in Modular Construction and at Emergo (working paper) (Ketabi, 2023)
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value and conditions, the roadmap may be deemed incomplete. Full establishment of each scenario
could alter the roadmap’s structure, introducing some level of uncertainty. During the validation
phase, Emergo agreed on the sequel of the roadmaps, and the criteria on how they are evaluated
that led towards this sequel.

Nonetheless, proof of concepts demonstrated the potential way of working and benefits, like auto-
mated cost estimations in PreModu scenario 2 for roof dormers and gutter elements. Thereby,
each scenario has been practically examined as well, which makes the results tangible. The results
are thus moving beyond the theory from literature research, and are demonstrated practically. The
scenarios have been tested practically in the context of Emergo, resulting in tangible and specific
conditions that Emergo need to bridge, rather than general conditions and values. Thus, despite
the conceptual states, each scenario has been deriving specifically according to Emergo’s desires
and characteristics, making it significantly valuable for Emergo.

On top of that, the research results can be be useful for the broader construction industry. In
this case, the significance lies in the comprehensive overview provided within the roadmap rather
than intricate scenario details. The research highlights differences between unique and standard-
ised designs and identifies potential BIM-based tools applicable to both methods, emphasising
the potential caused by standardisation. Additionally, the outcomes offer insights into the value,
conditions, and necessary steps for each scenario, extending beyond Emergo’s context. While not
detailed enough for a comprehensive implementation plan, the results are valuable for comparative
analysis and strategic decision-making across scenarios.

In conclusion, the results are in line with the projections and purpose of this research. Despite the
fact that scenarios and roadmap are conceptual and far from implementable, strategic directions
and potential BIM-based enhancements for cost estimations are discoverd. The roadmaps acknow-
ledge their value in potential directions for PreFab and PreModu, outlining necessary steps for each
scenario. The research offers insights into BIM-based concepts applicable beyond Emergo, intro-
ducing methods to enhance cost estimations across various contexts. Additionally, it highlights
the potential of standardisation within designs.

8.1.2 Limitations

Addressing potential limitations of the research is crucial, encompassing general research limita-
tions and validity concerns as outlined by Wieringa (2014). Validity encompasses both internal and
external aspects, where internal validity assesses result plausibility, and external validity considers
generalisability within the research context (Wieringa, 2014).

General limitations of the results

Several limitations within the results and research framework may impact result reliability and
suggest avenues for further exploration.

Firstly, due to the research’s broad scope and time constraints, BIM-based scenarios were in-
troduced rather than fully developed in detail. Consequently, some conditions, values, risks, or
constraints might have been overlooked. Delving deeper into each scenario in future research
could provide new insights. For example, while discussing PreFab scenario 1, Emergo expressed
interest in assessing the quality of BIM models from key clients, an area only lightly explored in
this research.
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Secondly, all scenarios assumed a final and fixed design for cost estimations. In reality, multiple
changes to the design often occur after the cost estimation process, which may not be captured in
subsequent BIM models but are discussed and decided among stakeholders. These design changes
represent a risk for every scenario, necessitating further research to explore how to address these
potential challenges within each scenario. However, the purpose of BIM is to serve as central
information warehouse across all project phases. The higher the integration and coordination cap-
abilities are, the higher the accuracy of BIM models at any point, and the less likely this problem
will occur.

Additionally, not all risks or challenges were included during the elaboration of the BIM scen-
arios. Each scenario primarily addressed its working, potential value, and necessary conditions,
but did not thoroughly explore all associated risks. For instance, despite that Revit skills was a
condition for one of the scenarios, cost estimators could be unable or unwilling to work with Re-
vit could, hindering the implementation of PreFab Scenario 2. Crucial conditions are taken into
account but implementation risks were less discussed in this research. Also, risks were not ex-
plicitly incorporated into the roadmap framework derived from Kerr and Phaal (2021); Phaal and
Muller (2009). Future research could focus on examining and mitigating risks within individual
scenarios, enhancing understanding of potential challenges.

Lastly, resource constraints limited examination of certain scenarios. For instance, PreModu scen-
arios 1B, 2, and 3 couldn’t be fully tested due to incomplete data libraries. Consequently, some
scenarios were derived in an abstract manner, assuming the availability of critical components in
the future. Thus, during scenario demonstrations, assumptions about component availability were
made.

Interal Validity

Internal validity, as delineated by Wieringa (2014), encompasses causal inference, architectural
inference, and rational inference.

Causal inference, crucial for ensuring the replicability and reliability of study findings, encounters
challenges due to subjective decisions in artifact design and qualitative data interpretation. Design-
ing artifacts, especially in establishing BIM scenarios based on qualitative insights, involves sub-
jective judgments, posing a risk of bias. To address this, the research employs a standardised
process for scenario selection, including rigorous examination of potential BIM applications, com-
patibility checks and requirements checks. Additionally, variations in scenario derivation methods,
such as software and formulas, pose threats to causal inference. Thus, the initial general explor-
ation of each scenario emphasises its general workings to ensure alignment with a standardised
approach

Architectural inference involves obtaining sufficient and relevant data to support research findings
(Wieringa, 2014). However, due to the incomplete realisation of each scenario, there are chal-
lenges in validating results. The scenarios are based on potential rather than complete workings,
hindering data acquisition for validation. To address this, the research employs the triangulation
method, utilising multiple data collection methods. For instance, during validation, results are
continuously verified with at least 3 stakeholders, which has been done during this entire research.
Similarly, the process investigation phase utilises hands-on experience, interviews, and document
analyses to gain insights into the processes via multiple ways.

Lastly, rational inference involves understanding stakeholders’ rational motivations. However,
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a potential threat in this research is the establishment of research requirements without analys-
ing stakeholder goals. To address this, the method proposed by Wieringa (2014), which aligns
research requirements with stakeholder desires, is utilised. Additionally, conducting interviews
with multiple stakeholders helps uncover their rational motivations, enhancing the reliability of
the research.

External validity

External validity is further divided among object of study, sampling of study and treatment of the
study.

The object of this study encompasses the designed artifacts and their potential applicability to
different environments, such as other firms. However, the cost estimation processes of PreModu
and PreFab are customised for Emergo, utilizing unique software, tools, and procedures. Con-
sequently, the scenarios are specifically tailored and tested within Emergo’s context, limiting their
generalisability. Despite this specificity, the findings offer potential for generalisation to other
contexts regarding the inherent conditions and values per scenario. For example, the concept of
standardisation within BIM model classification extends beyond Emergo to the broader construc-
tion industry. Similarly, the need for a standardised component library is universal in modular
construction. Thus, while the scenarios and roadmaps are crafted for Emergo, their underlying
principles can be adapted to other contexts while maintaining consistent value and conditions.
However, this must be supported and concluded in further research.

Regarding sampling, it concerns the number of cases tested with the treatment. In this study,
scenarios are developed as proof of concept with varying sample sizes. For instance, PreModu
scenario 1A is tested with minimal cases, often just one project, while PreModu scenario 3 re-
mains practically untested due to the absence of critical components. On the other side, PreModu
projects are assumed to adhere to standard design outlines across different projects, thus neces-
sitating fewer samples. Still, despite assuming standard design outlines across different PreModu
projects, the lack of practical cases poses a challenge to external validity. Moving forward, as
PreModu undergoes further development, exploring scenarios in more detail could enhance the
external validity of sampling sizes in subsequent research.

Finally, the treatment refers to the implementation phase of the artifacts, which remains unexplored
in this study. While the scenarios’ outlines and conditions are designed, their full implementation
has not yet been realised. Consequently, any results or findings regarding the implementation
of these tools are inevitably compromised by the absence of actual implementation. Nonethe-
less, many scenarios have been tested both theoretically and practically, such as the specifically
developed Dynamo scripts, contributing to enhancing the external validity of the results

8.2 Conclusion and recommendations

This section marks the culmination of this research, offering final conclusions and recommenda-
tions for Emergo, the problem owner. The conclusions are referring back to each research question,
where the main research questions are included in each section of the conclusion. The recommend-
ations stem from both overarching insights and potential avenues for further investigation.

8.2.1 Conclusions
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1. What are Emergo’s current cost estimation processes and challenges for PreFab and
PreModu?

(a) How do the current calculation processes for Emergo’s PreModu and PreFab projects
operate, including the sequence of activities, input sources, needs and desired output?

(b) What are the primary challenges, bottlenecks, and areas of improvement within the
calculation processes of both PreModu and Prefab projects?

(c) What are the key differences and similarities between the calculation processes of
PreModu and PreFab projects?

Emergo’s current cost estimation processes follow a standardised sequence of activities that have
been well-established, yielding detailed estimations. Particularly in PreFab, cost estimations are
conducted meticulously, considering every single component. These estimations necessitate a sig-
nificant amount of data, as outlined from Table 3.1 until Table 3.5.PreModu’s cost estimation pro-
cesses primarily rely on predefined and calculated components supplemented with project-specific
data, detailed in Table 3.6. In both processes, a cost estimation model automatically converts in-
formation into total prices, with calculations performed in the background. Cost data is manually
updated in these models quarterly. Quotes are then derived manually based on the model results,
with PreFab’s quotes supplemented by highlighted technical drawings in 2D. Process overviews
for PreFab and PreModu are provided in Figure 6 and Figure 7, respectively. Notably, despite
the presence of BIM models in every PreModu project and some PreFab projects, current input
through these models is nonexistent

PreFab’s current cost estimation process is perceived as both time-consuming and error-prone,
primarily due to manual tasks and disjointed databases. Lack of automated and standardised
solutions exacerbates inefficiencies, particularly concerning the unique designs characteristic of
PreFab projects. This manual approach may become outdated in an era where the construction
industry is rapidly digitising and prioritising efficiency.

PreModu’s cost estimation process is still in development, evolving alongside the concept itself.
Challenges arise from incomplete object libraries and the continued use of unique components,
hindering efforts to standardise estimations. Manual processes and inaccuracies persist due to
these incomplete libraries, while varying client preferences further complicate standardisation.
Additionally, disconnected databases impede potential automation and standardisation of the cost
estimation process.

The cost estimation processes share common characteristics, utilising systems such as ERP, Excel,
and Timber Estimation Software X. They employ similar approaches, including partly automated
models that convert input variables into cost prices. Moreover, there is overlap in PreFab compon-
ents, as similar timber-framed elements are employed within the PreModu framework.

However, the differences between the projects are more pronounced than the similarities. Pre-
Fab adopts a pull strategy, relying on Engineer-to-Order (ETO) tactics that necessitate adaptation
to unique client demands. In contrast, PreModu embraces an Assemble-to-Order/Make-to-Order
(ATO/MTO) approach, standardising components throughout the design and supply chain. While
PreModu’s cost estimation processes extend across projects, enabling faster calculations due to
pre-calculated modules and house types, the concept is still under development, lacking a stand-
ardised component library, thus resulting in less accurate estimations. On the other hand, PreFab’s
project-specific estimations require detailed information for every component, potentially making
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the process more time-consuming compared to PreModu’s estimations. Nevertheless, the com-
plete and standardised material compositions used in PreFab enhance repeatability and accuracy.

2. What are the needs and treatment requirements of potential scenario’s for both cost
estimation processes?

(a) What are the anticipated requirements and expectations for the desired calculation
processes of PreModu and PreFab projects?

(b) How can the data generated within the calculation processes be effectively utilised in
other phases of the project life-cycle, contributing to an overall improved efficiency
and decision- making?

Emergo aims to enhance both cost estimation processes through the integration of BIM-based
methods, prioritising accuracy, speed, and efficiency through automation. Table 4.2 and Table 4.3
refers to the treatment requirements for both cost estimation processes, derived via the stakeholder
goals

For PreFab, treatment requirements focus on translating unique data inputs into standardised solu-
tions. This necessitates access to accurate datasets for cost estimation models to accelerate the
process and minimise errors. Automation and BIM solutions are key in achieving these goals.

Conversely, PreModu’s cost estimation process requires comprehensive data libraries to lever-
age its standardised nature effectively. This entails a complete component library encompassing
all PreModu variations, alongside a cost database capable of estimating costs for each component.
Integration of these libraries is essential for seamless and automatic cost estimations. BIM tools
must be implemented to efficiently connect these data sources and enhance the cost estimation
process.

Data obtained from the cost estimation process serves as the foundation for subsequent depart-
mental activities, including production, assembly, and construction. Accurate estimations of ma-
terial usage and component quantities are critical for these activities, emphasising the importance
of a detailed and precise cost estimation process. Improved integration of data with other depart-
ments can further optimise workflow efficiency.

3. Which BIM-based scenarios can be used and adapted to achieve desired requirements?

(a) Which BIM uses can be be harnessed to address the challenges and improve the effi-
ciency of the calculation processes within both PreModu and PreFab project

(b) What are the necessary conditions and challenges to facilitate BIM and which value
come with the successful implementation of these solutions?

(c) To what extent do the proposed scenario’s align with the identified design requirements
and effectively mitigate challenges in cost estimation processes for both Premodu and
Prefab projects?

Table 5.2 reveals all the potential BIM uses that are considered within this research. A combin-
ations of the most appriorate ones are selected and developed as BIM scenarios. Compatibility
and requirement checks led to a minimum selection of BIM uses that were necessary to realise
the stakeholder goals. These have been clustered, which resulted in 2 scenarios for PreFab and 3
scenarios for PreModu.

The first scenario of PreFab included ITO tools to facilitate data extraction from BIM models
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that are delivered by the client. Information can be extracted and calculated in an automatic man-
ner, increasing the reliance of computer-based and automatic cost estimations. This could benefit
the cost estimations process in terms of time and accuracy by avoiding mistakes. However, cur-
rent BIM models were considered incomplete, and must be developed in terms of information per
component. Table 6.7 until Table 6.5 reveal which data was found in 5 test projects, and which
were currently unavailable and must be developed in the future.

The second scenario addressed parametric modeling to generate a roof including a division of ele-
ments. This scenario is divided in two sub-scenarios where one creates a roof from scratch while
the other overlays current roof geometries. This scenario could benefit the most time-consuming
task of PreFab’s cost estimation process, which is the division of roof elements. Also, generated
elements in Revit are beneficial for subsequent procedures, such as Timber Modeling System A-
integration. Starting from scratch requires less conditions, where information of current 2D draw-
ings is sufficient. Overlaying current roof models require a BIM model where the roof element
is complete and accurate in terms of geometries. BIM models are often lacking in current projects.

The first scenario of PreModu utilises ITO tools to automate data measurement, enabling project-
dependent cost estimations based on BIM information takeoffs. The value per project is considered
little, as a large part of PreModu is fixed while a small part is flexible for aesthetics. The first part
of this scenario can be employed immediately and is tested with one PreModu project. However,
expanding this scenario for a wider range of components, highlighted in a sub-scenario, requires
developments. To completely rely on information takeoff’s, Revit instances per family must be
completed. There are some components incorporated in a Revit familiy, usable between multiple
projects. However, the Revit libraries are considered incomplete, as not all concepts of PreModu
are developed for every PreModu house type. This must be developed in order to expand the in-
formation takeoff’s, utilising similar takeoff procedures. Then, each design in Revit can be read
through the ITO procedures and imported in the cost estimation model of Excel. This would
drastically enhance PreModu’s cost estimation process in terms of accuracy and speed.

PreModu’s second scenario connects the data in a dynamic way. Compared to the first scenario,
less manual interventions are required as the cost estimations are conducted on the background.
A dynamo script calls out data from an Excal database and connects this to the components from
the Revit model. A major benefit is that cost data or the design can be changed, which automat-
ically results in a new calculation of costs. The databases are more or less integrated, instead
of manually connected. Besides the development of Revit libraries in terms of completion, this
scenario necessitates developments in the cost database as well. Namely, a fixed manner of ex-
porting cost data to excel must be maintained, including a complete cost database. Currently, the
cost database is incomplete due to variations in components, a lack of previous experience and de-
pendency on suppliers. Thus, for every concept of PreModu, a price item in Excel must be present.

The final scenario of PreModu refers to initial cost estimations, which could be achieved through a
house configurator. Clients are able to select a combination of PreModu concepts as their design,
which automatically provides some initial costs. Besides the arrangement of this entire platform,
which is under development for Emergo, several conditions are necessary. These type of cost es-
timations are conceptual, meaning that a conceptual cost database must be derived, which can be
obtained through similar cost estimation methods as Scenario 2. A kit-of-parts in Revit should be
developed, meaning that every combination that is desired to be included in the configurator, must
be modeled in advance. Consequently, the conceptual cost database and this kit-of-parts must be
connected in order to derive conceptual costs. This scenario includes a wide range of value. Initial

127



8.2. CONCLUSION AND RECOMMENDATIONS CHAPTER 8. FINAL REMARKS

client interaction is automated and online, enabling a high level of reaching clients and a higher
level of client satisfaction. Also, this scenario is aligned with a high level of integration across the
supply chain. The design platform that is under development at Emergo enables integration with
Revit, Timber Estimation Software X and Timber Modeling System A. Thus, data coordination
between departments across the supply chain is significant.

Finally, all scenarios have been validated and verified in consultation with the client.

4. What are useful criteria for assessing the BIM scenarios and how are these translated to a
roadmap for Emergo?

(a) How can the scenarios be assessed to evaluate the feasibility, benefits, and potential
challenges of the derived scenarios in the context of PreModu and PreFab projects?

(b) How can a strategic roadmap be designed to guide Emergo in the successful imple-
mentation of BIM scenarios to enhance the efficiency and integration of the calculation
processes for both PreModu and PreFab projects?

The roadmap for Emergo’s cost estimation processes integrates all potential scenarios into a tem-
plate derived from Kerr and Phaal (2021) and Phaal and Muller (2009). Each scenario, along with
its operational details, is central to the roadmap, while additional layers represent necessary con-
ditions and the value each scenario offers to Emergo and the construction industry. This roadmap
serves as a guide for Emergo to select directions that enhance their cost estimation processes via
BIM, considering the introduced and analysed scenarios. The location of the scenarios are de-
termined by the assessment of the scenarios. The assessment is conducted based on the feasibility,
conditions, challenges and the roadmap template. Feasibility is derived through an analysis of the
conditions, benefits are derived through analysing the value per scenario and the challenges are
described per scenario.

For PreFab, the initial focus lies on developing a roof modeler, offering Emergo greater con-
trol. This involves developing information exchange documents (LOIN), standard cost estimation
procedures, and Dynamo scripts. Emergo can choose to create roof elements from scratch or over-
lay existing models. Targeting exploitation by 2024, the subsequent step involves standardising
information takeoff procedures as the construction industry’s overall standardisation progresses.
Depending on BIM model quality, Emergo aims to fully exploit information takeoffs and auto-
mated cost estimation models between 2026 and 2028.

In the PreModu roadmap, the first scenario is information takeoffs, where Emergo has control
over the design phase. Initially, project-dependent quantities are extracted, requiring an inform-
ation development plan and standard ITO procedures. This scenario can be immediately ex-
ploited. Subsequently, through completing Revit families, cost databases, and cost data integ-
ration, Emergo can achieve automatic cost estimations by 2025. Emergo can decide to expand
information takeoffs to extract information from a BIM model into the cost estimation system or
integrate cost data within the Revit environment using a dynamo script, which offers more integ-
ration between the design and cost items. By 2026, the end goal is integration not only for the cost
estimation process but the entire supply chain. Data utilisation across departments enables con-
ceptual cost provision via a design platform, expanding client reach. Integration from conceptual
design to construction should be realised by 2026.

Due to Emergo’s control and standardisation, PreModu’s development holds more potential and
may reach completion sooner compared to the final scenario for PreFab. If this development curve
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remains constant, PreModu has the potential to surpass PreFab as the core business in the near
future. Additionally, the standardisation that lies within the future of PreModu offers more value
in the future, paving the way to an integrated workflow. Client dependency remains a challenge for
PreFab, highlighted by the delayed initiation of the first scenario, information takeoffs. Despite the
relatively straightforward nature of this scenario, Emergo’s progress is contingent upon broader
construction industry developments, such as the adoption of standardised modeling languages

8.2.2 Recommendations

Emergo can utilise the roadmap and associated scenarios strategically to advance their cost estim-
ation processes. While the scenarios offer valuable insights, it’s advisable to conduct thorough
analyses for each scenario before implementation. This ensures a comprehensive understanding
and utilisation of each scenario, potentially revealing additional requirements and enhancing their
effectiveness. The roadmap offers a broad vision to guide Emergo’s short-term decision-making,
with detailed examinations of each scenario contributing to their long-term objectives.

Secondly, it is recommended that Emergo promptly completes information requirement docu-
ments, following LOIN (ISO 19650-1) standards, for both the PreFab and PreModu concepts.
These documents serve as comprehensive guides outlining the necessary data requirements for
effective information exchanges. By formalising these requirements, Emergo can ensure clarity
and consistency in data management practices. For PreFab, such documents can streamline client
communication and guide data development efforts. Similarly, for PreModu, adhering to LOIN
standards can optimise BIM model development for efficient cost estimations, providing clarity
for Emergo and assisting in understanding the cost estimation process and required input.

Additionally, Emergo should prioritise the development of comprehensive libraries for PreModu
to fully leverage the potential of standardised modular construction. Establishing comprehensive
Revit families with all necessary instances and corresponding cost items in ERP is essential for
advancing current systems. The advanced scenarios (scenario 1B, 2, and 3) particularly rely on
complete libraries, emphasising their significance. Therefore, investing in complete libraries is
crucial for enhancing Emergo’s cost estimation process outcome.

To expedite the realisation of complete libraries, Emergo should allocate additional resources to
PreModu in the short term. Currently, Emergo is focusing on expanding the concept of PreModu
with additional house types and variations. While the current focus on expanding the number of
concepts of PreModu is valuable, equal attention should be directed towards enhancing existing
concepts in quality. Allocating additional resources to these improvements is essential to over-
come existing resource constraints that impede PreModu’s progress.

Lastly, for PreFab’s cost estimation process, it is recommended to review and adjust the current
cost estimation procedures. Implementing one of the PreFab scenarios will necessitate restructur-
ing the cost estimation process. Cost estimators are then required to conduct new tasks such as
information extraction, roof modeling, and acquiring general knowledge in BIM models. Emergo
should factor in these additional efforts, as implementing these scenarios entails more than just the
technical implementation itself.
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Appendix A

Flowcharts of processes

In this appendix, an overview of all the flowcharts describing the Prefab processes is provided.
These flowcharts are detailed and include every seperate step of the process, rather than the tasks
within the process.
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FIGURE 48: Complete overview of PreFab Process
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Note general project
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Tech.
Documents
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requirements and
objects of roofs
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Solar panels in
roof?
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panels and type. roof windows
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technical
requirements and
policebrand

Reselect window

Measure(Dormer)
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Count(Dormer)
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Dormer.Edging
<string >

.Cladding <string>
Frame.Material
<string>

Count and specify

dormers

Requestyear<date>
Project name <string>
Project number
<string>

Houses<int>

Pace <int>

1st delivery <d ate>
Profit <int>
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<int>

Qv10 Value <int>

Rc Value <int>

Roof tiles <string>
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type <string>

Qu10 Value <int>
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Fire resist. <int>
Sound resist. <int>
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Erame.type <string>
.Base/Opt <boolean>
.Assemble <boolean>
.material <string>
.location <string>
.width <int>

.height <int>

.count IN block <int>

Project
checklist [.xlsm]

Beam
-thickness <int>
.width <int>

Pane| RfWindow

WP <int> .Brand <string>

.shape <sring> .Type <string>

.count IN block <int> .Base/Opt <boolean>
-.Count IN block <int>

.Frame.Material
<string>

.Edge <string>

.Clad <string>
.Decking <string>
.Count IN block
<int>
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Project cost
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drawings and details
with annotations/
colours [PDF]

Client <string>
Measure(Dist) <int>
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<string>
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truck.width <3.5m
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included <boolean>

Count(SP.Rows) <int>
SP.WattPeak <int>
SP.Type <string>
Count(houses) <int>
Count(Roof .Windows)

Determine assembly

and finishing
operations

Determine cladding
operations

Colorise objects that
Emergo delivers
[PDF XChange
Editor]

Divide housesin
elements and assign

All details
included?

name
[PDF XChange
Editor]

Include standard
details from Emergo
[PDF XChange
Editor]

Assembly <string>
Finishing <string>

Type <string> Element.included
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Length <int> Annotation <string>

Element
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.height <int>

.width <int>
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Annotation <string>
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corresponding
roof trusses
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Adapt construction
configurations

Count construction
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[Excel]

element.name
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roof.length <int>
knee.wall.bearing
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<string>
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<int>
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purlin_roof
dormer
Hip_rafter
glulam_beam
Walls

Floors
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Save drawings and
details in project
folder
(Hard drive G:\)
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specification

start cost
estimation in
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Estimate costs of
windows

Estimate costs of
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Estimate assembly
costs

Estimate roof
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Estimate costs of
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Stop cost
estimation in
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Assembly costs roof
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beam <int>

Costs of blulam beam
per metre <int>

costs of roof skirts
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costs of roof skirts
white <int>
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and additional
options <int>
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Element
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Direct wage cost rate
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Element

.name <string>
.Count <int>
.Width <int>
.Height <int>

Element.Com position
<int>

Roof roof.truss es.type
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<string>
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Count construction.el
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Estimate transport
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Project.Number <int>
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FIGURE 49: Zoomed-in flowchart of administration
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FIGURE 50: Zoomed-in flowchart of counting and measuring
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FIGURE 51: Zoomed-in flowchart of cost estimation in Timber Estimation Software X
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FIGURE 52: Zoomed-in flowchart of cost estimation in excel

Database

(%)
2
c
[}
€
S
o
o
o

Excel Database
(Excel)

Project
Information
[21P]
(Hard Drive G:\)

Project cost
database [Excel]

Project checklist
data [Excel]

Complete Project

rawings and details

with annotations/
colours [PDF]

Data (input)

(in)direct costs per RoofWindow

article <int> .Brand <string>
.Type <string >
.Base/Opt <boolean>
-Count IN block <int>
Additional costs <int>

Dormer.edge <string> Measure(Dormer.
Dormer.cladding .Heigth <int>
<string> .Width <int>
Roof.Material .Depth <int>)
<string>

Dormer.Frame <int>

Assembly & finihsing Cladding

operations per -type <string>

block <list> .length <int>
.material <string>
.attributes </ist>

house.length <int>
beam.width <int>
beam.height <int>

Count(houses) <int>
skirts
included <boolean>

Count(SP.Rows) <int>
SP.WattPeak <int>
SP.Type <string>
Count(houses) <int>
Count(Roof .Windows)

Cost Estimation (Excel & PDF)

Estimate costs of
start cost windows
estimation in
Excel

Estimate costs of
dormers

Estimate costs of
glulam beam

Estimate assembly Estimate roof
costs cladding costs

Estimate costs of
roof skirts

Estimate costs of
navitect 2 (solar
panels)

Stop cost
estimation in
Excel

Data (output)

Window costsper
block <int>

Dormer costs per
block <int>

Assembly costs per Delivery costs roof Costs of glulam

block <int> cladding per beam <int>

Brown finis hing costs block <int> Costs of blulam beam
per block <int> Assembly costs roof per metre <int>
White finishing costs cladding per

per block <int> block <int>

costs of roof skirts
brown <int>

costs of roof skirts
white <int>

Costs of navitect 2
and additional
options <int>

Documents

Project
checklist [.xlsm]

Database

Excel Database
(Excel)




FIGURE 53: Zoomed-in flowchart of quote composition
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Appendix B

Literature Search Results

Search Term (Range 2010 -...) Results Found Literature + Secondary literature

BIM cost estimation 17.300 | -

Impact BIM on cost estimation 17.300 | —

digital tools for state-of-the-art construction cost management (Sepasgozar et al., 2022):
"BIM tools" 2.090 Secondary Literature:

AND "cost estimation" . - Create flexible mappings beween building information models and cost information (Lawrence et al., 2014)

- Applying building information modeling to integrate schedule and cost for establishing construction progress curves (Wang et al., 2016)

"BIM" AND "review"
AND "cost estimation”
"BIM" AND "developments"

7.260 | A technical review of BIM based cost estimating in UK quantity surveying practice, standards and tools (Wu et al., 2014)

AND "cost estimation” 2.840 | Develoy s in cost estimating and scheduling in BIM technology (Jiang, 2011)
"BIM" AND "cost estimation" 301 B

AND "industrial construction"

"BIM" AND "cost estimation" 601 B

AND "modular construction”
"BIM" AND

"fabrication drawings"

"BIM AND "generating"
AND "fabrication"

311 A BIM-based framework for automated generation of fabrication drawings for facade panels (He et al., 2021)

6.680 | BIM-enabled computerized design and digital fabrication of industrialized buildings: A case study (Deng et al., 2021)

"BIM" AND - L - . 3 e - . .
"life cyele cost estimation” 76 BIM-based preliminary estimation method considering the life cycle cost for decision-making in the early design phase (Lee et al., 2020)
"BIM" AND "cost prediction” 827 Construction cost prediction based on genetic algorithm and BIM (Zhao et al., 2020)
Pa.rar?emcncost estimation 84 Artificial intelligence and parametric construction cost esti deling: State-of-the-art review (El lami, 2020)
AND "BIM ‘
"BIM" AND "Configurator" 474 BIM as a generic configurator for facilitation of customisation in the AEC industry (Farr et al., 2014)
"BIM" AND "Kit-of-parts" 400 Cross-phase product configurator for modular using kit-of-parts (Cao et al., 2021)

Disrupting the Digital: An Architecture of Parts (Claypool, 2018)

BIM-based parametric design methodology for modernized Korean traditional buildings (Park, 2011)
2.680 | Parametric BIM as a generative tool(Zarzycki, 2012)

Building skins, parametric design tools and BIM platforms (Wahbeh, 2017)

"parametric design”
AND " generating" AND "BIM"

"Generative design"
AND "BIM" AND "Modular"

""BIM" AND "Model Checker" . ) S . .
AND "Industrial construction™ 38 Digital twins to bim object library a top-down modeling approach(Pibal et al., 2021)

1.060 | Generative design in building information modelling (BIM): approaches and requirements(Ma et al., 2021)

"5D BIM" AND . .
" - 26 Approach for automated planning using 5D-BIM(Mukkavaara et al., 2016)
automated cost estimation’
"BIM" AND Comparison of diffe cost estimati hods with use of building information modelling (BIM) (Matejka et al., 2018):
106 A review of construction hall and BIM-based solutions:

"automated cost estimation”

perspectives from the schedule, cost, quality, and safety management (Parsamehr et al., 2023)
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Appendix C

BIM Scenario’s

In this appendix, the compatibility and requirement check for each BIM use is shown to contribute
to deriving the BIM scenario’s

C.1 Compatibility check

Table C.1 reveals how each BIM use matches the cost estimations processes for PreFab as well as
PreModu. For example, parametric estimation models based on algorithms or machine learning
to predict costs does not fit to current cost estimation processes, since Emergo is pursuing a high
level of accuracy, making costs predictions less relevant. In other words, this BIM use ignores
the strengths of process characteristics, such as PreFab’s strength and opportunity S1: Accuracy
and O2: Use of limited materials, which holds onto a accurate translation of unique project data
into standardised and detailed solutions. For PreModu, it ignores the fact that these designs are
standardised (S1: Standardisation) and the opportunity modular designs has for cost estimations
if all data libraries are complete (O2: Enhanced process outcomes by finishing object libraries.

Another example that demonstrate the fact that BIM uses has to fit within the supply chain of a
concept is 5D BIM or BIM-based estimating software implementation at PreFab. Clearly, Emergo
is not responsible for establishing BIM models at PreFab, which corresponds to a threat of the
process, namely T2: Client dependency, which leads to the weakness of unique W1: Unique
designs and unique input data. These aspects make it impossible to steer on the integration of
cost and component data that results in SD BIM. In contradiction to PreModu’s conceptual char-
acteristics, where 5D BIM is aligned with the opportunities PreModu has: O1: Influence, O3:
BIM integration, which could finally further address S1: Standardisation and S2: Speed of cost
estimation process.
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C.1. COMPATIBILITY CHECK

APPENDIX C. BIM SCENARIO’S

ID Name

BIM uses for design, affecting cost estimation
Design Configurator

PreFab

No, Emergo is not in
control of the design

PreModu

v

Reason

Yes, switch between
concepts and corres-
ponding costs

2 Parametric modeller v Emergo could create or v Yes, but more compat-
adapt models, making ible for Emergo’s design
them suitable cost es- process
timations

3 Generative design X Emergo is not in control v Yes, but more compat-
of the design ible for Emergo’s design

process

4 Automate creation of construction documents v Yes, improved predic- v Yes, influencing design

tion of PreFab’s produc-
tion cost

possibilities improved
prediction of PreModu’s
production cost

BIM uses for cost estimations

5 Model viewer v Yes, 3D views instead of v Yes, 3D views for
2D views for quantifica- project-specific  meas-
tion and measurements urements

6 Quantity Exports v Yes, extract all quant- v Yes automatic material
ities instead of manual determination instead of
methods manually

7 Quantity TakeOffs (QTO) Tools v Yes, filter on desired v Yes, extract project spe-
components and ex- cific components to de-
tract them instead of termine area and mater-
manual quantification ial
and measurements

8 BIM-based estimating software X No, necessitates stand- v Yes, utilise BIM-models
ard design components for cost estimations
and costs and

9 5D BIM X No, necessitates stand- v Yes, Emergo is in
ard design components charge of information
and costs, where models and cost data-
designs are varying due base, which could be
to the different clients linked

10  Parametric estimation models X No, cost estimations are X No, cost estimations are
detailed and exact detailed and exact

11 BIM-based LCC X No, LCC is beyond de- X No, currently beyond

livering roof compon-
ents

PreModu’s cost estima-
tion

BIM uses affected by cost estimations

12 BIM design analysis X No, Emergo is not in v Yes, optimise designs
control of the design through standardisation
13 Author construction site logistics planning v Yes, improved predic- v Yes, influencing design
tion of PreFab’s con- possibilities and im-
struction and logistics proved prediction of
cost PreModu’s construction
and logistic cost
Supportive BIM uses
14 Model checking v Yes, check BIM mod- X No, checking BIM mod-
els delivered by third els falls under design
parties protocols for PreModu.
Assume that models are
correctly delivered to
cost estimation depart-
ments
15 Convert 2D drawings to 3D BIM models v Yes, could be used to es- X No, 3D models always
tablish 3D models available
16 Develop cost libraries v optimise cost models v Complete cost library
and standardised cost for all current and future
items components
17 Develop component library v Translate varying input v Finish object libraries
to standard outputs for all PreModu types
18  Linking and extending v Yes, integrated or auto- v Yes, integrated or auto-

matic methods instead
of manual ones

matic methods instead
of manual ones

TABLE C.1: Compatibility check per BIM use
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C.2. REQUIREMENTS CHECK APPENDIX C. BIM SCENARIO’S

C.2 Requirements check

The BIM uses are also compared to the treatment requirements. In other words, which BIM uses
can contribute to which treatment requirement. There are some uses that do not match treatment
requirements, such as Automate creation of construction documents and requirements for PreFab.
This BIM use does not contribute to any of the treatment requirements and does not influence
PreFab’s cost estimation process in a direct manner. On the other hand, treatment requirements can
be met by multiple BIM uses. For example R5.4 The cost estimation system must automatically
calculate the costs according to the chosen options or modules could be achieved in multiple
manners, through 5D BIM, parametric estimation methods or even the excel worksheet that is
currently used.
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9) 5D BIM

18) Linking and extending

| 7) Quantity TakeOffs (QTO) Tools
| 15) Convert 2D drawings to 3D BIM models

| 2) Parametric modeller
»| 5) Model viewer
| 6) Quantity Exports

RI1.1: The process must
have a strategy to receive
or generate data input
from the unique designs

R1.2: The process must X X
have a strategy to coop
with varying data input

R1.3: BIM-models must X X
be checked on quality and
completeness before util-
isation

R1.4:  Cost estimation X
models or tools must
be able to automatically
translate  unique  data
input to standard outputs/
solutions

R2.1: The cost estimation X
process must have access
to cost databases to integ-
rate cost data and cost es-
timation models

R2.2: Data exchanges X | X | X | X X
between systems must
rely on imports, exports
or integration instead of
manual exchanges

R3.1: Errors in dimension X X X X X X X
measurements must be
maintained or decreased

R3.2:  Errors in object X X | X | X | X X
quantification must be
maintained or decreased

R4.1: The process should X X | X[ X | X | X | X
replace manual cost estim-
ation tasks by automated
tasks

R4.2: The introduced X X X X
automated tasks must
reduce the process lead
time

R4.3: Data integrity X X | X X
between departments or
subsequent processes must
be kept

TABLE C.2: Treatment requirements check per BIM use for PreFab’s cost estimation
process, where colored BIM uses are incompatible
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APPENDIX C.

BIM SCENARIO’S
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13) Author construction site logistics planning

17) Develop component library

14) Model checking
16) Develop cost libraries

18) Linking and extending

R5.2 Cost estimation sys-
tem must include stand-
ard components, modules
or options which the user
can select

o

R5.3 The cost estimation
system must include all
cost prices to estimate
costs for the possible com-
binations of project para-
meters and options

R5.4 The cost estimation
system must automatically
calculate the costs accord-
ing to the chosen options
or modules

R6.1 PreModu’s concep-
tual process must rely on
complete object or module
libraries

R6.2 Each component,
module or option must be
integrated with cost data
from the cost library

R6.3 Process must be able
to handle concept changes

R6.4 The process must
have access to reliable pur-
chase data and coop with
supplier price changes

R7.1 Cost estimation mod-
els or tools must increase
in terms of accuracy of the
cost estimation

R7.2 Design changes must
be integrated with the cost
estimation process

R7.3 Available BIM mod-
els (concept or prelimin-
ary project models) must
be utilised during the cost
estimation process

R7.4 Process must reuse
previous project data to
complete cost library and
enhance accuracy of cost
estimations

TABLE C.3: Treatment requirements check per BIM use for PreModu’s cost estimation
process, where colored BIM uses are incompatible
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C.3 Selection of BIM uses

Finally, the BIM uses must be selected based on their compatibility and the way they match the
requirements. The following algorithm has been used to select all the necessary BIM uses.

1. Eliminate all the BIM uses that are not compatible
2. Search for a requirement that are checked by one or a few BIM uses
3. Tick off the requirement by:

(a) IF the requirement is satisfied by one BIM use, select this BIM use.

(b) ELSE, if the requirements is satisfied by multiple BIM uses, select the BIM use that
ticks off the most requirements.

4. Make the selected BIM use green for this specific requirement green. Additionally, IF this
BIM use ticks off other requirements, make this box yellow. Provide the boxes an iteration
number.

5. Move on to the next requirement in another iteration, until all requirements are checked.

The results are highlighted in Figure 54 and Figure 55, revealing the selected BIM uses for PreFab
and PreModu, respectively. These visuals include the iterations that have been applied to derive
the selected BIM uses.
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RLIL: The process must
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or generale data  input
from the unique designs 1 8
R1.2: The process musi X X
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RI3: BIM-models must X X
be checked on quality and
compleleness before util-
isatiom 2|
Rl4: Cost estimation X
models o wools  must
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translate  unigque  data
input 1o standard ouputy!
solutions 3
RI1: The cost estimation X
process must have access
1o cost databases 1o inleg-
e cost data and cost es-
timation models 4
R22 Daa exchanges XX X X
between  systems  musd
rely on imports, exports
or integration instead of
manual exchanges 3
B30 Errors in dimension X A X X X X ‘

meisurements  musl e
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R3.2: Emors in object X X X X | X X ‘

quantification  must  be
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R4.1: The process should X = X X X XX | X ) X
replace manual cost estim-
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R3Z  The imroduced BE3 B X
automated  tasks  musi
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lime 6
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be kept 1 2 5

FIGURE 54: Clustering of BIM uses for PreFab
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FIGURE 55: Clustering of BIM uses for PreModu
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Appendix D

Dynamo Script(s)
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FIGURE 56: Dynamo Script for parametric roof modeller
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FIGURE 57: Dynamo Script for integrating BIM models with cost databases modeller
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