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Abstract. Building Information Modeling (BIM) and Product Lifecycle Man-
agement (PLM) have been associated many times in recent literature and the
possibilities for their integration or to be mutually used as a source of lesson
learned has been envisaged. The paper proposes to analyze, through a systemat-
ic literature review approach, the existing state of art of previous studies that
has already examined relations between BIM and PLM. The main objective of
the paper is to understand the real nature of BIM-PLM association for better di-
recting future research developments.
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1 Introduction

Assuring efficient and effective management, collaboration and sharing processes
is fundamental to ensure the right actions sequences necessary to achieve a good pro-
ject or a good product, avoiding errors, losses of time and compartmentalized situa-
tions where professionals assumed separate and strictly defined roles with discipline-
based responsibilities. This is valid both for a complex product in the Manufacturing
Industry and for a complex building in the Architecture, Engineering and Construc-
tion (AEC) one. In the automotive and aerospace industries the development process
management, and the storage and control of product related data, occurred since the
late '80s, first with the PDM (Product Data Management) [1] that was later included
in the PLM paradigm, emerged in 2001 [2]. The PLM for Corallo et al. [3] "is a stra-
tegic business approach that supports all the phases of product lifecycle, from concept
to disposal, providing a unique and timed product data source. Integrating people,
processes, and technologies and assuring information consistency, traceability, and
long term archiving, PLM enables organizations to collaborate within and across the
extended enterprise”. Therefore, the PLM, supported by Information Technologies,
sets up highly complex production and management tasks. In the construction sector,
this systematization of processes, people and resources, is known in literature as
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Building Information Modeling. This term became popular only in 2002 [4], thanks to
J. Laiserin, even if C. Eastman starts talking about it in the late '70s [5]. Today it is
diffusely recognized ““as set of interacting policies, processes and technologies gener-
ating a methodology to manage the essential building design and project data in digi-
tal format throughout the building's life cycle” [6] [7]. Theoretically, BIM should
cover all the phases of a construction life cycle but at the moment, it is mainly focus
on the design phase. Furthermore, its current state of development shows that many
others researches can and must be done in view of the benefits deriving from its adop-
tion [8].

Many publications cited the terms BIM and PLM contextually for different rea-
sons, sometimes assuming they are two sides of the same coin, sometimes that they
share similarities and sometimes that one is part of the other. Therefore, as a prelimi-
nary study of a broader project focused on the realization of a BLMS (Building
Lifecycle Management System), this paper aims to analyze studies discussing about
BIM and PLM in the same context in order to fix the current authors’ points of view
and addressing future research. The research wants to clarify scientific literature posi-
tion about the nature of the association between BIM and PLM concepts through a
systematic literature review approach of papers that have already examined this rela-
tion (i.e. as definition, as industries where they are adopted, as types and reasons of
the association).

The next section of the paper describes the research method and, in particular, the
papers selection and assessment. In sections 3, 4, 5 and 6, definitions, industries, type
of associations and benefits, based on the literature review are respectively, explained.
A final section of conclusion and further developments ends the paper.

2 Research method

This study uses a literature review process to compare and fully understand the
current state of association between Building Information Modeling and Product
Lifecycle Management, in order to reach a shared interpretation and better direct fu-
ture research developments.

Between the systematic and narrative literature review approaches [9], the choice
has been in favour of the systematic literature review that allows to reach the follow-
ing objectives: establish the nature of the relationship between BIM and PLM, com-
paring their definitions and meanings, their respective industries, the degree of associ-
ation and the potential benefits deriving from their adoption, to identify fields to focus
future research. The key characteristics of the systematic review method adopted in
the present research are: planning the review on the basis of keywords and search
terms with a replicable and defined search strategy. The literature review cannot be
considered exhaustive but represent a significant vision of a current research interest
at international level.



2.1  Selection and assessment process

The papers search was carried out through three important indexed electronic sci-
entific databases: Web of Science (www.webofknowledge.com), Scopus
(www.scopus.com) and Scholar (scholar.google.it). The research took place until May
2017. The criteria for searching was four combination of words: “PLM” and “BIM”;
“PLM” and “Building Information Modeling”; “Product Lifecycle Management” and
“BIM”; “Product Lifecycle Management” and “Building Information Modeling”. The
search in Web on Science, conducted into “Title” and “Topic”, returned 10 articles,
instead, the search in Scopus, conducted into “Title”, “Keywords” and “Abstract”,
found 23 articles (10 of them were the same of Web of Science), two of which were
not available for download. The search in Scholar, conducted into “Advanced Re-
search” on “Article Title”, from 2007 to 2017, returned 13 articles, (the same reported
by the other databases), five of which were not taken in consideration due to the lan-
guage (Chinese, Russian). As a result, a total of 23 scientific papers were identified.

The first step of the reviewing process is the preparation of a matrix to record au-
thors notes about each article, providing a standard structure. In detail, the 23 papers
were evaluated in ascending chronological order using a structured form with 12 col-
umns including: title, publication year, source, authors with affiliations, abstract,
keywords, document type, study focus, definitions of BIM/PLM, industrial issues,
degree of association, benefits of association.

The second step of the research method, is the realization of a summary, in a criti-
cal way, about the significant data identified for each paper. Contents are compared
and discussed. The following points are analyzed: the definition of BIM/PLM, a list
of industrial features in the adoption of BIM or PLM, the type of association between
BIM and PLM, and, finally, the benefits highlighting in the treatment of BIM and
PLM in the same context. The results of this comparative review are reported in the
following paragraphs.

3 Definitions

Before the development of his research, almost each author of the analyzed papers,
states which definition of BIM and PLM refers to. These definitions can be consid-
ered as a first hint of the nature of the association observed later. Some nouns (i.e.
approach, IT system, process) and attributes (i.e. object-oriented, model-driven, inclu-
sive synonyms) were found to be very common across definitions. Table 1 classifies
the selected papers both according to nouns used in the definition of BIM and/or
PLM(i.e. approach, IT system, process, and their synonyms) and the attributes (i.e.
object-oriented, model-driven and their synonyms).

Table 1. Summary of BIM and PLM definition classification

Nouns Attributes

Approach IT system Process Object-oriented | Model Driven,
Model
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BIM [10], [(11], [12], | [111, [12], [26], [17], (18], | [11], [26] | [10], [12], [15], [11], [13], [15],
[13], [14], [15], | [1€], [20], [21], [22], [23], [16], [17], [19], [16], [21], [22],
[16][381, [39] | [24], [251, [39] [22], [23], [24], (281, [291 , [40]
[40] [26], [27]

PLM | [10], [11], (12, | [101, 111, (23], [171, (18], | [L1], [26] [FER]
[22], [26], [38], | [20], [21], [22], [25], [26].
[39] [27], [28], [29]

BIM and PLM have been described by means of one or more definitions, depend-
ing on the aim of the research. Some papers used all the three nouns at once. This can
be a hint of a multifaceted nature of both concept. The most numerous group seems to
be that of authors who considered BIM and/or PLM as an IT system. On the other
hand, PLM has never been described through the attribute ‘object-oriented’. When
they are seen as IT systems, papers listed even the main functionalities of PLM sys-
tems ([13], [18], [21], [22], [26]) and of BIM systems; [26] also produces a scheme
to easily visualize overlapping functionalities of the two systems.

4 Industries in the reviewed papers

All the papers refer to AEC Industry in general as typical sector for BIM applica-
tion. [27] focuses specifically on civil structures and [25] focuses on modular building
construction as an industrialized sector. The papers dealing with PLM, refer to Com-
plex Manufacturing Sectors and, in detail, to the Automotive and Aerospace Industry.
[19] and [24] refer to the Shipbuilding Industry as a sector with an incomplete adop-
tion of PLM that would benefit from BIM. [10], [17] and [18] expose cases of AEC
companies that have already adopted PLM in their organizational management.

Almost every paper included in this review highlights that processes, projects and
products are “complex” in both sectors, but for [11], [12] and [18] AEC and manufac-
turing industries have specific structural, background and traditional characteristics,
different technology applications, methods, scope of business and tools.

The AEC industry, whose supply chain management is more project-based, is
characterized by small or medium sized companies with innovation deficit and small
economic resources to invest in expensive and integrated technologies. Indeed, the
level of technology adoption ranges from low to medium with consequent lack of
process commonality, standardization and integration between IT processes and soft-
ware. The industries are highly fragmented and remain rooted in local context. The
projects are different every time.

Conversely, Manufacturing companies, whose supply chain management is prod-
uct-based, are larger, more globalized and consolidated. These aspects facilitate great-
er investments in innovative digital applications and guarantee long standing and
collaborative relationships with customers. Generally, the Manufacturing industry is
characterized by higher levels of IT integration and adoption of PLM system. Not all
manufacturing companies have a holistic view of the whole product lifecycle but their
structure, IT equipment and more mature mentalities help this transition. Accordingly,
six different characteristics of the AEC industry for BIM application and of the Manu-
facturing one for PLM application were identified and synthesized in Table 2.



Table 2. Industry characteristics

Characteristic
Sector Type Fi_rms Data IT ) Indus@ry Product Supply chain
Dimen- management | adoption organiza- Type management and
sion and tool tion industry structure
BIM
AEC Small and Largely low and Highly Complex Project Based
Industry Medium separate medium fragmented project, [10], [17], [18], [23]
(all papers) [10],[17], application [10], [10], [11] components High variation in
Shipbuilding [18],[38] modules. [11], [18], [23], [38] and process project structures and
Industry 3D CAD, [38], [40] Localized [10], [13], delivery methods
[19], [24] CAM,CAE, [10], [11] [14], [16], [18]
4D -5D Multidisci- [19], [20], Short Term and more
BIM. plinary and [21], [22], isolated relationships
[10], [21] heteroge- [23], [24], with client
neous team [25], [26], [10], [38]
[19], [22], [27] Lack of process
[24], [38] Individual commonality,
Slowness to | nature of the | standardization and
changes project integration
[23] [19], [23], [10], [11], [23], [38],
Low [24] [39]
integration
[40]
PLM
Complex Big, Higher long Partially Complex Product based
Manufactur- globalized Levels of experi- integrated product [10], [11]
ing Sectors and integration. enced of “islands of [10], [13], Long Standing and
and in detail consoli- PLM [40] PLM and infor- [18], [20], collaborative
Automotive dated application ERP use, mation” [21], [23], relationships
and [10], [11], | modules, but with [11] [24], [25], with client
Aerospace [38] PDM, 3D different Globalized [26] [10], [38]
Industry CAD,CAM, levels of and consol- Lack of a holistic
(all papers) CAE. Infor- adoption idated view of users of
Shipbuilding mation [10], [12], [10] information
Industry modeling [17], [18], [11]
[19], [24] architectures, [21], [23] Engineering methods.
AEC development Support decision-
Industry toolkits, making from whole
[10], [17], business app life cycle perspective
[18] [21], [10] [101,[38]

Despite of several different current characteristics identified, almost each paper in-
cludes potential future similarities for companies adopting BIM and/or PLM. In de-
tail, for both industries, data governance, information management, storage and dis-
tribution, are important for the whole building/product lifecycle, together with the
new competencies and digital skills required [10], [11], [12], [21]. For example, for
[21] the “Advanced use and management of digital product data that shortens time-to-
market, gives tools for product information distribution and changes management,
better and reliable tools for customer requirements”, and for [10] “collaborative ways
of working, procurement methods, and process planning” are advantages desired in
both construction and mechanical engineering industries, although there are structural
barriers like the lack of vertical and horizontal integration.



5 Types of association

Since in the sample of analyzed papers, BIM and PLM are often put in reference,
in this section, the aim is to describe the nature of this association. The analysis iden-
tified four types of BIM-PLM association to which the papers can be led back: shar-
ing similarities, being different entities, being complementary entities, being compa-
rable.

When BIM-PLM share similarities, whether defined as systems, approaches or
models, they have something in common, for example as in [11] “relative to their
approach to data sharing, project management, organization of teams around deliver-
ables and timelines and object based visualization activities.” [40] affirms that they
share similarities but “differ for technical and organizational integration”.

Papers that treat BIM and PLM as different entities, are those like [17] that keeps
them as two worlds apart, considering BIM as an enabler to link PLM to ERP, or
papers that conceive them for different functions as in [18] and [29] where PLM is a
unifying platform for data produced by BIM-based authoring tools, or in [14] where
BIM integrated with 3D capturing processes can move towards “a special kind of
Product Life cycle Management (PLM), Building Life cycle Management (BLM)”.
Similarly in [21] BIM’s function is producing digital product data and information
(authoring tools like CAD, CAM, CAT) and PLMs’ is handling digital product infor-
mation. In this group there is also [15] that sees BIM as an approach for design and
analysis that offers a static view of the building, PLM, instead can simulate the man-
agement and is associated with the dynamic view of the building in time.

PLM and BIM were “complementary” when together they were said capable of
creating a whole complete new entity. In [22] BIM and PLM together create some-
thing different, i.e. BLM. In [26], instead, they are complementary systems to fully
implement Lean methodology in Construction.

On the other hand, four papers state they are fully comparable; for example [27]
says that they are “comparable virtual models” and [20] considers them as two “col-
laborative applications™. In [23] the type of association is not clearly stated, even if
PLM is among paper keywords, it appears only in a figure caption “Figure 5: Com-
missioning/as-built BIM must keep PLM in mind” with no further explanation.

Table 3. Types of BIM/PLM association

Share Different Complementary Comparable
Similarities
[10], [11], [22], [13], [14], [15], [16], [17], [22], [26], [40] [20] ... collaborative applications
[19], [38], [39],[40] [18], [21], [29] [25] ... information management frameworks

[27] ... comparable virtual models
[28] ... BIM is an immature PLM

Looking at the association purpose, the reviewed papers have been gathered ac-
cording to the four most common reasons: learning lessons already known in other
industries where the other system has been previously applied and more knowledge
has been matured, suggesting the integration of PLM functionalities to BIM, loosely
integrating PLM systems and BIM, adopt some BIM aspects into PLM (Table 4).



Table 4. BIM/PLM scope of association

Lesson learned in BIM Inherits PLM learns from PLM system loosely
other industries functionalities from PLM BIM integrated with BIM
[10], [11], [12], [17], [13], [14], [15], [16], [19] [18], [21]
[18], [19], [22], [24], [22], [25], [26], [29], [38], [39]
[27], [28] , [38], [40]

In general, BIM and PLM have been associated in order to transfer functionalities
and characteristics from PLM to BIM, or from the manufacturing world where PLM
was born to the construction, as also noticed in [10]: “the motivations of previous
PLM-BIM comparisons have typically surrounded the transfer of PLM functions and
industry characteristics from the complex manufacturing industries to the construction
industry.” In many papers, BIM is considered as incomplete, it especially seems to
lack collaboration and facility management functionalities [16], [21] and [27]. Fur-
thermore, [16] also points out that tools alone are not sufficient for BIM implementa-
tion but “ drastic changes in term of work practices, staff skills, relations with client
and participants of project implementation team as well as contractual arrangements
are required”. Only [20] suggests that collaboration should be enabled in both sys-
tems. In [14] [16], [22], [26] and [40] the integration of BIM with PLM functionali-
ties can lead to Building Lifecycle Management (BLM) considering BLM as the PLM
version for the construction industry. Similarly, [29] introduces Construction Product
Lifecycle Management (CPLM), a term for a PLM that is specific for the construction
industry. In an early article [15] this concept is even called 4D PLM. Moreover [14],
[15], [19], [20], [21], [24], and [27] focus more on the authoring or 3D modeling as-
pects of both BIM and PLM in order to clarify the type of Association of BIM/PLM,
by defining the similarities, differences, complementarity and the comparison. Inter-
estingly [25] compares BIM to what Product Information Modeling (PIM) is in manu-
facturing: a structure that represents the data model for a specific product in manufac-
turing that can enable the interoperability of PLM [30].

6 Benefits from BIM/PLM integration

According to the analyzed papers, a classification based on the benefits derived
from BIM and PLM integration is provided. In general, it emerges that the construc-
tion industry stands to benefit more in learning from PLM application and from the
professional practice in the industrial sector ([11], [10], [18] ,[25], [38] and [40]).
These researches show that the main aspects missing in AEC industry could benefit
by the great experience of PLM application in manufacturing industry in sharing of
information at various stages of the life cycle. In particular, the AEC facility man-
agement needs horizontal integration of several disparate systems, management of
business workflow, using a shared database for all the phases.

For [10] “the construction industry is still in the early phases of BIM adoption and
therefore stands to benefit most in learning from the experiences of manufacturing
industries”. Other researches (e.g. [10], [14], [15], [17], [21], [22], [26], [27] and
[29]), try to integrate the two systems, because they are viewed as complementary. In



detail, while [17] integrates BIM to link PLM with ERP and [38] cites BOM and
Product structure as the missing links to fully exploit BIM; the others researches focus
their attention on Project management systems and suggest to apply their functionali-
ties for a better management of digital product data in all the phases of the construc-
tion process, including facility management. All take the benefits of the management
process from PLM to BIM methodology.

Benefits are generally always similar, as it can be seen in Table 5, and they are fo-
cused on the Construction Industry where BIM is actually, in a phase of development
and can benefits from PLM that is a more mature topic. The major advantages are: the
increase of productivity, more cost efficient and sustainable manufacturing and pro-
duction, optimization of design, minimize production waste, manage supply chain,

standardize components of products and manage product changes and adoptions.

Table 5. Advantages of the comparison

Advantages
Kind of Capabilities and ; ]
Integration Functionalities Involved Kind of Benefit
[10], Construction New activities, Addressing shortcomings in collaborative design in
[11], Industry learns roles/responsibilities, the AEC industry and enhance project performance.
[18], from case knowledge competencies, Facilitating the capturing and consolidating infor-
[25],[38], | studies of PLM | and supply chain relation- mation of the current and past projects as well as
[40] andf onal ships. resources and strategic goals of an enterprise.
pro (te_ssmna Horizontal integration of Enhancing efficient decision-making.
practice. several disparate systems. . )
. Promoting better use of resources and support agile
Lesson Learned | pgysiness workflow. ;
from PLM. ; T problem-solving.
Constructi Integration of existing PLM | pgilitating the uncovering, use and reuse of best
; f()jns truc 'on platforms with BIM servers. | practices in design, requirements
Pnu\ljls sr))//;::]s Comprehensive information management and project workflows.
consolidation with business | Tracking design, fabrication and construction chang-
Insight in intelligence tools. es in projects and ensuring consistency of working
closed loop Change management information by different project entities.
PLM research | features of PLM solutions. | Redyction of the ownership cost.
and practices gsmg a share_d database. Increase productivity, optimize design, minimize
reate a hybrid system . .
waste, manage supply chain, standardize components
BIM-loT-PLM
of products and manage product changes
Closed loop BLM
[17],[38] | Integrating BIM | Software environment, Be more transaction-oriented, standardization,
with PLM and Integration of the infor- increased connectivity
ERP mation system, BOM ,
product structure
[10],[13], | BIM and PLM Merge functionalities. More cost efficient and sustainable manufacturing
[14], 15], | combined Facility/project manage- and production.
[21], 22], ment. PDM. Capacity of PLM system to unify and control various
[gg],[gg]v Lean features tasks and steps of the construction industry.
[281.129). BIM should become a PLM simulates project management, calculating the
mature PLM or an integrat- precise resource demand on a 3D model , to deter-
ed part of it. mine Gantt and to assess effectively alternatives.
7 Findings

Comparing, learning from one another, looking for similarities and differences are
not new concepts when it comes to BIM and PLM. Authors believe these are interest-




ing current fields of research and of the twenty-three papers reviewed, many have
been published in 2016, demonstrating the relevance of this topic.

Starting from definitions (Table 1), even if it is not uncommon that an author refers
to both BIM and PLM as “approaches”, IT system is the most spread noun to define
them. This could mean that even if a strategy or a methodology lies behind BIM and
PLM, without information technology the implementation would be difficult, if not
impossible. Most papers use more than one of the nouns at the same time to define
BIM and PLM, proving their multi-faceted nature. On the other side, “Object-
Oriented” is an exclusive attribute of BIM. The parallel with Object Oriented Pro-
gramming is intuitive and also found in [31] and [32].

The analysis of the respective industries highlights the current transition phase and
the several challenges that characterize the Construction Industry from a cultural,
economic, technological and sociological point of view, as found in [11], [17], [22]
and [28]. Even if there are still many differences between the manufacturing and con-
struction sectors, both are calling for new skills, performance standards, interopera-
bility, training and an IT system that covers the whole lifecycle of complex products
or buildings. Furthermore, the use of innovative technologies and methodologies in
AEC industry is now steadily expanding, since it has reached a high level of aware-
ness. As highlighted in [38] a mere integration of BIM and current PLM solutions
based on discrete manufacturing, won’t be able to satisfy the actual needs of the con-
struction industry. BIM should inherit customized functionalities and features from
PLM (mainly to enable collaboration and Facility Management) to become complete
and effective in its scope or to evolve towards BLM [40]. Still, there is no agreement
on the relationship between PLM and BLM. For some authors they are the same ap-
proach for lifecycle management, the first for manufacturing products, the second for
construction products. Others refer to BLM as the sum or integration of BIM and
PLM.

In section 6 the advantages deriving from the integration point out that: “Sharing
knowledge and experiences in the implementation and use of PLM and BIM should
be understood as an essential source of continuing improvement and innovation for
both paradigms” as asserts [11], even if the reviewed articles underline much more
the advantages of PLM application in AEC industry, at different degree of associa-
tion. Another important benefit for AEC derives from PLM lessons learned. It emerg-
es that it is necessary to extend, like current PLM applications for complex products,
the BIM technologies across the entire lifecycle, especially along the facility man-
agement phase, gaining benefit from a “unifying platform that captures, integrates and
shares the object-based information generated by BIM-based authoring, analysis, and
simulation applications” [18]. In general, what seems to emerge is the unsatisfied
need of managing the full lifecycle of a construction in a collaborative way and that
BIM currently is not able to do it. Functionalities, features and best practices already
mature PLMs in the complex product manufacturing, should be customized to the
specific context of construction industry to effectively manipulate BIM models.



8 Conclusions and Further developments

This study explores the relationship between BIM and PLM using a structured ap-
proach for the literature review through a qualitative analysis of the contents coming
from selected papers. The scope is to provide a better understanding of the context,
principles, technologies and practices underpinning a future technological implemen-
tation. The study is motivated by recent research on BIM and PLM and their relation-
ship to lead in the extension of BIM through BLM.

The first important conclusion is, logically, that PLM seems to be considered more
mature than BIM, whether as an approach, an IT system or a process. Most researches
focused on the benefits of BIM inheriting PLM lesson learned, functionalities or even
the full system.

Secondly, with respect to BIM many aspects of PLM have been analyzed so far,
from collaboration to user management, knowledge and data management, configura-
tion and change management. Gaps are discovered in the possibilities of learning
from PLM configuration views, which is a key concept in the dedicated literature
[33]. This concept is, in fact, already linked to BIM in [34] by citing Gielingh’s stages
[35]: “as required, as designed, as planned, as built as used as maintained, as demol-
ished,” as a way to model product lifecycle following a traditional linear lifecycle.
Since it is still missing a concrete comparison about configuration management in
BIM against PLM, it will be a focus on future research on this topic.

Thirdly, the authors this paper believe that there is a general confusion about the
meaning of BIM and in plain language it has assumed lately broader implications or
dimensions or “perspectives” (design, estimation, construction process, building
lifecycle, performance and technology [41]).

As methods and IT solutions are born to satisfy specific needs, the reviewed papers
converge to the construction industry’s need of managing the full lifecycle of a build-
ing in a collaborative way on a centralized object oriented model. In order to fully
satisfy this need, the AEC industry should reach the digitization level of Complex
manufacturing industry. The evolution of concepts that led to the modern meaning of
BIM as reported by [41], reminds us that BIM originated from Building Product
Structure. The recent studies of [25] and [38], respectively pointing out that BIM is
what PIM is to PLM and that product structure could be the “missing link in the BIM
approach”, bring us to consider the product structure as one of the most important
features of BIM together with its being “object-oriented”. Calling BLM the solution
to the construction industry’s need of managing the full lifecycle of a building in a
collaborative way on a centralized object oriented model would better focus the aims
of academic and software research. The same could happen if the common language
would associate BIM more to its important feature of PIM.

Finally, from the study emerges that the relationship between BIM and PLM data
model (or PIM) has not been investigated enough in the light of contemporary IT and
many uncertainties are still observable in the use of BIM, PLM and BLM so the need
for a standard terminology is highlighted. Therefore further research are needed on
these topics.
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