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three inevitable technologies: collaboration;

Roadmaps, such as FIATECH’s Capital

building information modeling; and

Facilities Technology Roadmap, are one ex-

interoperability. Although the architectural

ample of these frameworks. FIATECH is

and engineering professions and the building

actively engaging industry partners in projects

industry have focused on the visual, aes-

that ﬂesh-out details, parse the components,

thetic, and functional aspects of the

discover governing principles, and implement

built environment, inevitably it is the

components of their roadmap.

ﬂow of information that transports visions
and ideas into constructed reality.
Information is a critical asset in the life cycle
of capital facilities. Industry organizations,
academic institutions, and professional
practitioners are now beginning to grasp just
how critical information really is.
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Information for the facility life cycle

Introduction

CABA (Continental Automated Building

Association) has its own Technology
Roadmap and OSCRE (Open Standards
Consortium for Real Estate) is at
work on its Technology Framework.
Process change diagrams, such as the
one popularized by the Construction
Users Roundtable (CURT), also illustrate
the current and possible future states
of this life cycle concept.
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Figure 1
The FIATECH Capital Projects Technology
Roadmap Vision Model .
(Source: FIATECH, 2004b)
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Much work on these frameworks and
process change diagrams remains to be
done; much is well underway. What
is notable and crucial for progress in this
area is described in the excerpts of

�

deﬁnitions, and the characterization
of information are critical building blocks
in the foundation of the Information for
the Facility Life Cycle.

Effort / Effect

the Capital Facilities Information Handover
Guide, Part 1, which follows: taxonomies,
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Figure 2
Collaboration, integrated information,

1

Ability to impact cost and functional capabilities

and the life cycle in building

2

Cost of design changes

design, construction and operation.

3

Traditional design process

(Source: CURT, August 2004)
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Preferred design process
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Developed nations invest a substantial portion of their gross domestic

Based on the experience of other industries, particularly manufactur-

product in capital facilities – their planning, design, construction,

ing, there is increasing conviction, evidenced by the reports cited here,

operation, maintenance, renovation, and decommissioning. According

that the capital facilities industry could improve performance by

to the U.S. Census Bureau, more than $370 billion was invested in

leveraging information technology to reduce the cost and execution

new facilities, facility renovations, and additions in the United States

speed of business processes that span multiple organizations along

in 2004. This ﬁgure excludes residential facilities, transportation

the entire supply chain.

infrastructure such as bridges and roads, and facility operation and
maintenance costs.

The NIST publication cited above, Cost Analysis of Inadequate Interop-

The global capital facilities industry could perform more efﬁciently

because it identiﬁes and quantiﬁes the efﬁciency losses in the U.S.

and it is under increasing pressure to do so. Recent studies that

capital facilities industry attributable to inadequate interoperability,

address this issue and provide analyses and recommendations include:

deﬁned as “the ability to manage and communicate electronic product

erability in the U.S. Capital Facilities Industry, is of particular interest

American Institute of Architects (AIA) Interim Report. A Response to
“Collaboration, Integrated Information and the Project Life Cycle
in Building Design, Construction and Operation” (WP-1202): a Report
of the Construction Users Roundtable (CURT). 2004.
Construction Cost Effectiveness Task Force, The Business Roundtable.

and project data between collaborating ﬁrms and within individual
companies’ design, construction, maintenance, and business process
systems” (NIST GCR 04-867). The researchers very conservatively
estimated those losses to be $15.8 billion in 2002 in the United States,
excluding the losses for residential facilities and transportation
infrastructure.

The Business Stake in Effective Project Systems. 1997.
Construction Users Roundtable Architectural/ Engineering Productivity Committee. Collaboration, Integrated Information and the
Project Life Cycle in Building Design, Construction and Operation
(WP-1202). 2004.
The Dutch Process and Power Industry Association (Uitgebreid
Samenwerkingsverband Proces Industrie-Nederland - USPI-NL).
Reaching the Process Industry Vision: Roadmap to Competitive
Advantage via Sharing and Storing Plant Life Cycle Data. 2002.
FIATECH. Element 9 Tactical Plan, Life Cycle Data Management and

Information Integration. In Capital Projects Technology Roadmap. 2004.
Gallaher, Michael P., Alan C. O’Connor, John L. Dettbarn Jr.
and Linda T. Gilday. National Institute of Standards and Technology
(NIST GCR 04-867). 2004.
Rethinking Construction: report of the Construction Task Force to
the Deputy Prime Minister, John Prescott, on the scope for
improving the quality and efﬁciency of UK construction. 1998.

The reports cited above identify the major obstacles to improving
interoperability within the capital facilities industry:
1. There is a lack of understanding on the part of industry participants
of how to achieve integrated information and workﬂows through
the application of information technology.
2. There are gaps in the availability of information technology tools
and data standards to support integrated information and
workﬂows throughout the facility life cycle.
3. Current industry structure and business practices, including
procurement practices and regulatory, insurance and contractual
requirements, present obstacles to integrated work and
information ﬂows.

The business case for change

In Cost Analysis of Inadequate Interoperability, RTI International and

Most stakeholders believed that OOs should take the lead in addressing

the Logistics Management Institute calculated the costs of inadequate

interoperability issues because they set and drive business and

software interoperability by constructing a “hypothetical counter

system requirements, in addition to bearing the majority of the costs

factual scenario.” In this scenario, data exchange and access for all

of lack of interoperability. They believed that top management

work processes related to design, construction, and facility manage-

leadership should identify the players and facilitate agreement among

ment were unencumbered by data exchange issues. The cost difference

them. This was the approach taken by the U.S. semiconductor in-

between the hypothetical scenario and the real world scenario yielded

dustry to establish interoperability standards.

the $15.8 billion economic loss estimate.
The report also notes that information about capital facilities is
Clearly quantiﬁable costs were categorized as: (1) “avoidance” – costs

much more comprehensive than the geometric model and surrounding

incurred to prevent or minimize the impact of technical interoperability

technical speciﬁcations, and that interfaces are required with

problems; (2) mitigation – costs of activities responding to

human resources, ﬁnances, purchasing, project management and

interoperability problems, including scrapped materials costs; and

accounting, and asset management information systems. This

(3) delay – costs incurred when interoperability problems delay

insight challenges the traditional approach to interoperability, which

completion of a project or the length of time a facility is not in normal

focuses on the ability to exchange data between similar systems,

operation. The authors did not include other costs they considered too

particularly computer-aided design/computer-aided engineering

speculative, such as opportunity costs or costs to tenants. As a result,

(CAD/CAE).

the $15.8 billion estimate is very conservative. The cost data were
gathered from 70 organizations: 19 architecture/ engineering ﬁrms;

The 70 businesses participating in the study identiﬁed interoperability

9 general contractors; 5 specialty fabricators and suppliers; 28 owners

of procurement, project management, construction, and ﬁnancial

and operators; 2 software companies and 7 research consortia.

systems as a high priority. They wanted to see CAD interoperability ex-

Data were gathered through focus groups, interviews, and surveys.

tended so that the same data and software could serve both design

Costs were reported by stakeholder group, type of cost, and facility

status quo:

and construction. They also identiﬁed challenges in moving beyond the
life cycle phase. The facility life cycle was divided into three major
phases: design (project initiation, planning, design programming, site
selection and acquisition, conceptual design, engineering analysis,
contract documents); construction; operations and maintenance (O&M).
A fourth phase, decommissioning, was included in the surveys. However,
insufﬁcient data were received upon which to base cost estimates.

≥ Delivery models must motivate all participants to optimize value
of the end result, realizing that motivation derives from ﬁnancial gain.
There is a need to articulate project goals, deﬁne metrics and
experiment with contract alternatives that link participants’ ﬁnancial
rewards with the project’s goals.
≥ The industry must develop tools and work processes to integrate across
multiple disciplines.

The highest costs were incurred by owners and operators (OOs),
and 85 percent of those costs were incurred during operations and
maintenance. The major cost was time spent ﬁnding and verifying
facility and project information. Operations and maintenance
personnel were estimated to have spent $4.8 billion during 2002
verifying that documentation accurately represented existing conditions and another $613 million transferring that information into
a useful format.

≥ Information must be shared on a real-time basis.

Realigning the delivery model
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In 2004, the Construction Users Roundtable (CURT) released a white

AIA’s response concluded that owners must lead the transformation

paper entitled Collaboration, Integrated Information and the

of the capital facilities industry by committing to an integrated

Project Life Cycle in Building Design, Construction and Operation.

project delivery approach; by committing to use new models for risk

This paper was produced by CURT’s Architectural/Engineering (AE)

management, contractual and legal relationships, and com-

Productivity Committee, which CURT convened to address the

pensation; and by supporting these new models when confronted with

perception of inadequate, poorly coordinated AE drawings that result

scepticism from lawyers, insurers and ﬁnancial institutions.

in difﬁculties in the ﬁeld, cost overruns and lost time. The com-

Owners must commit to a project process that optimizes the over-

mittee concluded “the goal of everyone in the industry should be better,

all outcome over the long term.

faster, more capable project delivery created by fully
integrated, collaborative teams. Owners must be the ones to drive

All stakeholders must realize that more effective project delivery,

this change, by leading the creation of collaborative, cross-

supported by updated contractual, compensation, and insurance

functional teams comprised of design, construction, and facility

models, is in the best interest of the entire industry. Individual

management personnel” (CURT 2004).

companies and industry organizations should combine efforts to

In November 2004, the American Institute of Architects responded

Although all stakeholders have incentives to improve project process

to CURT: “From the architect’s perspective, CURT has deﬁned a

and performance, it is the owners who gain the most and who

vision for an integrated and accessible decision-making process that

have the ability to establish the project process parameters and en-

affect the necessary structural changes as quickly as possible.

is transparent to all contributors to the design, construction and

force compliance by all participants. Owners must actively support

operation of a facility throughout its life cycle…In order to achieve the

the necessary change initiatives.

vision described in [CURT’s white paper], the performance of
the project team cannot be based on traditional contract documents,
but on mutually agreed upon goals, shared responsibilities,
shared risk and liability, and compensation” (AIA Interim Report 2004).
In responding to CURT’s request to identify obstacles to moving
forward, the AIA cited several issues:
≥ Adversarial relationships between AEs and constructors reinforced
by traditional project delivery, compensation and risk allocation
arrangements.
≥ Short-term thinking on the part of owners who frequently seek the
lowest ﬁrst cost for each phase of development.
≥ Standard contracts that reinforce compartmentalization of team
members, rather than support integrated and collaborative effort.
≥ Current risk management strategies, driven by insurers, that run
directly counter to open information sharing.
≥ Technological barriers, including the cost and rapid obsolescence
of technology and the lack of interoperability of advanced building
modeling software.

Facility life cycle information strategy

Handover requirements

Some of the information created in a design or retroﬁt project informs

The way in which information is to be used determines its properties,

facility operations for decades. Other information is useful only

appropriate form, and format. Issues that need to be considered

for the execution of the construction work. Still, other information is

include which version(s) of the information package is required;

required for regulatory compliance regardless of functional value.

whether the information will be kept up to date or frozen at the point

In establishing a facility life cycle information strategy, the organiza-

of handover; what the legal requirements are for the retention of the

tion examines the business regulations, decisions, and processes

information (these vary by jurisdiction and facility types); how

that require facility information and deﬁnes the precise information

long the information will be retained; how frequently the information

required by each (this is known as an “information package”). It

will be accessed and updated; and the access requirements – who

prioritizes information packages based on business value. If a certain

or what system(s) will use the information and where it will need to be

information package is used in many business processes, its value

accessed (ofﬁce, ﬁeld, production ﬂoor, etc.), for view only or

increases. Another way to identify high-priority information packages

for update.

is by looking at businesses processes that are inefﬁcient and/or
costly due to lack of information.
Once the organization has identiﬁed its high-priority information
packages, it then determines when in the facility life cycle those
information packages are created and by whom. Some information
packages may be created across multiple life cycle phases and by
several different organizations. This is typically the case with commissioning information.
Information handover should be based on the information packages
required throughout the life cycle of the asset. Thus, information
requirements at each handover point should be determined based on
which information will be needed at any point downstream, and
not just by the next-phase participants. Identify the next user of each
information package as well as the party responsible for receiving
each information package, ensuring its completeness and maintaining
its integrity until its next use.

Characteristics of information packages
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There are three major properties of each information package to be

It is important to determine whether each information package

deﬁned. Status deﬁnes the exact version(s) of the information package

is static; dynamic with past revisions discarded; dynamic with revision

required for handover; type deﬁnes whether or not the information

history maintained; whether all versions are required; and

package should be modiﬁed after handover; retention deﬁnes how long

whether a speciﬁc number of previous versions need to be maintained.

the information package must be maintained. Type and retention are
the primary determinants of preferred form and format.

Retention
All information designated for handover should have a purpose.

Status

When the information is not available, there are consequences to

As information moves through a project, its status is changed, normally

the business. The severity of the consequences and the rapidity

under conﬁguration control. For example, a drawing may start as

with which they are incurred are good measures of the importance

“issued for comment.” After review, an authorized person might change
it to “issued for construction,” and ﬁnally at the end of the project it

of the information and dictate the appropriate level of effort
and expense that should be put forward to ensure its availability.

will be updated to “as built.” An initial standardization step is to deﬁne
the status terms to be used.

The following retention codes are a minimum set for categorizing
information packages:

For each information package, it will be necessary to identify which
status is to be handed over. Much important information will be
required in “as built” status. It should also be determined whether the
information is needed in more than one status, such as “issued for
construction” and “as built.”
Type

Essential Information required for the operation of the facility.
Without this information, an unacceptable risk would be created with
regard to reliable operations and safety. This information must
be retained for the full life cycle of the facility. It may be preferable
to deﬁne degrees of business criticality rather than a single
“essential” category.

Information is either static or dynamic. Static information represents a

Legally mandatory Data that are not expected to be referenced on a

certain moment in time. Dynamic information should be updated to

regular basis in the operations phase but for which there is a

reﬂect any changes in the facility. When the creation of static informa-

legal or contractual obligation to archive the information for a speciﬁc

tion has been completed, it is never updated. Examples include

retention period. The retention period must be explicitly deﬁned.

certiﬁcates, standard drawings, technical speciﬁcations and inspection reports. Although there may be subsequent inspection reports,
these are not “revisions” or “versions” of previous ones.

Phase speciﬁc Data developed in one facility life cycle phase
that are deemed useful for a subsequent phase but not for long-term
operations. The use phase must be speciﬁed.

Dynamic information requires more formal information management

Transitory Data that are not required to be referenced in any

than static information and generally has a greater frequency of

subsequent life cycle stage. These data need not be included in the

access. Industry regulations and quality systems require that the

information handover plan.

latest version of the information be made clear to the end user.
It may also be necessary to maintain the revision history of the information. Examples of dynamic information include facility layouts,
process ﬂow diagrams, equipment data sheets, loop diagrams and lists
of safety-critical equipment. All information that is still part of the
design cycle is, by deﬁnition, dynamic information.

article
continues
inside

>
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Information forms and formats

Increasingly, facility information is produced and managed electroni-

Proprietary format

cally. However, much electronic information is still held in documents

This is the format created by speciﬁc software applications such as

that do not have a formal structure. Most correspondence, including

CAD or word processing programs. It is also sometimes referred

project reports and drawings, fall into this category. For these docu-

to as “native” format. Proprietary is the more signiﬁcant term, how-

ments, the only way to interpret the contents or to check their quality

ever, because it means that the format is the property of a single

is for someone to actually read them.

software vendor. At any time, the vendor can modify the format. If this
happens, archived data maintained in the format may no longer

Advanced systems can now provide facility information in a structured

be usable in current versions of the application. Also, a vendor may

form that is immediately machine-interpretable. This development

cease doing business or discontinue the products that output

advances productivity and reduces errors. It permits the use of com-

the format. Either of these circumstances threatens to render the

puter tools to assist in managing, using and checking the data. A

proprietary data unusable.

common example is a database. Even graphics and drawings can now
be managed in a structured form.
Standard format
There are four major categories of information forms and
formats. Figure 3 identiﬁes their comparative longevity and reusability.
A discussion of the forms and formats follows.

There are two types of standard formats:
“Ad hoc standards” refer to formats that may have originated with
a single vendor, but have been made publicly available and are
supported by multiple vendors and products. Relevant examples of
ad hoc standard formats include DXF and PDF. Since the format
speciﬁcation is published, anyone can write an application to access
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data stored in that format. This assures data longevity.
Formal standards are those maintained by an ofﬁcial standards
�����������
��������

�����������

the advantages of data longevity described above, these standards
are typically developed through a consensus process that con-
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Figure 3
Longevity and reusability of information forms and formats.

siders the information requirements of multiple organizations. Thus,
formal standard formats may be more ﬂexible and useful.
Standard formats are preferred for any data that will be archived for
an extended period.

Structured data

Unstructured data

“Structured data” means that the data can be accessed and manipu-

Any data that cannot be machine-interpreted are “unstructured.”

lated directly by computer programs without human intervention.
In this form, information adheres to a well-deﬁned model. Structured

Electronic images are a type of unstructured data. This format

information may be quantitative (such as structural analysis

is simply a dot pattern that can be interpreted by a viewer. Often, paper

data), descriptive (such as ﬁnishes or coatings) or graphical (such

documents are brought into the electronic environment by scanning

as schematic diagrams, scaled drawings or 3DCAD models). This

them into image format. Although these electronic images are suitable

information form allows for automated—and therefore cost effective—

for read only access, updating information in this format is difﬁcult.

search, retrieval and update, while maintaining the intelligent

There are a number of both ad hoc and formal standards for image data:

information content.

ITU Group 4, TIFF and JPEG are widely used.

There are a number of proprietary structured data models. While

The electronic image is the simplest format that allows controlled

useful in achieving the beneﬁts of structured data for a limited number

multiple access of information from one master source. By selecting an

of collaborators during speciﬁc life cycle phases, no proprietary

electronic image format standard, the cost of information upgrading

models support the full range of facility life cycle activities and their

for future innovations in ﬁle formats can be minimized. With informa-

participants. Although proprietary models demonstrate to a limited

tion in electronic image format, ﬁling, retrieval, tracking and monitoring

extent the beneﬁts of a structured approach, common models

can easily be supported with the proper application of metadata, but

that adhere to international information standards are preferred. Use

machine interpretation is difﬁcult or even impossible.

of such standards also avoids data being locked into a format controlled by a single vendor.

Considerations in selecting preferred form and format
The use of the data through the life cycle of the asset should be the

Examples of structured and standard data formats include ISO 15926

prime consideration in selecting the preferred form and format

and the International Alliance for Interoperability’s (IAI) Industry

of the information to be handed over. This should be offset against

Foundation Classes (IFCs). Structured standard formats are preferred

the cost and difﬁculty of delivering the information in that way.

for information that will be used in downstream automated processes

Identify the preferred form and format of the information, taking

or updated regularly throughout the life cycle of the capital facility.

into account:
≥ Information priority
≥ Information type – static or dynamic
≥ Retention period
≥ Software application(s) to be used downstream and
which formats they support
≥ Need to share the information with external organizations
≥ Frequency of update
≥ Costs and difﬁculties in getting the information into
the preferred form and format
≥ Capability of the creator of the information to deliver
the information in the preferred form and format.

Costs and beneﬁts of information forms
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and formats

Structured vs. unstructured

A second consideration in deciding between proprietary and standard

Priority for structured form should be given to information that is

formats is the intended life or retention of the information. If the

frequently updated, particularly if that information is shown

life exceeds 5 to 10 years, a proprietary format is risky, due to the rapid

in multiple drawings or other documents. If this priority information

pace of technological obsolescence, and a standard format is highly

s provided in structured form, the other documents will be deri-

preferable. In the absence of a comprehensive standard, a preservation

vative and therefore automatically generated. By identifying these

strategy must be articulated for the proprietary format. This would

derivatives, the list of documents required for handover can be

involve ongoing monitoring of the format and updating of the data as

reduced. This reduces information management costs and downstream

new versions were released, as well as translation of the data if

efforts of retrieving, updating and coordinating multiple docu-

the format were threatened with obsolescence. Consideration of these

ments, providing substantial business beneﬁts throughout the facility

data preservation costs reveals the life cycle cost beneﬁt of standard

life cycle.

formats. However, if the information package has a very short life
cycle (less than 5 years), a proprietary format may be an acceptable and

Although there are beneﬁts to maintaining any information in

less costly option

structured form, there is less value for information that will never be
updated. An example would be the installation instructions for a

In deciding on a standard format one must assess the level of adoption,

piece of equipment. This type of information can be accepted in an

the availability of reliable implementations and the cost of using

unstructured form.

the standard. Also, who will be the downstream users of the data? Will
these users have access at a reasonable cost to software that

Proprietary vs. standard

supports the standard? It is also critical to consider the level of tech-

The next question is whether proprietary format ﬁles, rather than

nological expertise of the potential information providers.

standard format, are acceptable. The ﬁrst consideration is whether

Assuming that a comprehensive standard format is available and well

a standard format exists for the information required and if the

supported by commercial application software, are the potential

standard is implemented in the relevant software applications. In the

consultants, contractors and suppliers capable of creating a complete

absence of a standard format, proprietary formats must be used.

and accurate model? If it is unlikely that the level of technological

There are a number of standard formats at various stages of develop-

expertise in the marketplace will support the optimal information hand-

ment, validation and commercial deployment in software products.

over approach, the facility owner must either provide training or

ISO 15926 is designed to provide a comprehensive standard for

modify the information strategy.

the description of process plant facilities. The International Alliance
for Interoperability’s (IAI) Industry Foundation Classes (IFCs)—the
IFC2x Platform Speciﬁcation to be precise—has achieved interna-

tional speciﬁcation status as ISO/PAS (Publicly Available Speciﬁcation)
16739. This standard covers the general building type.

Metadata

Information is organized and classiﬁed differently in life cycle
stages by different participants and in various industry sectors. In
order for information handed over to be useful, end users must
be able to organize, extract and present it ﬂexibly. A good metadata
schema is critical to managing and providing access to the
information.

There are three basic types of metadata:
Descriptive metadata identify and describe the information with
ﬁelds such as creator, title, subject matter, responsible organization
and so forth. ISO 12006-2 provides a framework for the classiﬁcation
of information about construction works.
Administrative metadata are used to manage the information and

Metadata are deﬁned as data about other data. Metadata are used

include such ﬁelds as intellectual property status, ﬁle format, ﬁle size,

to organize the information system and to search for particular

creating system, archiving date, archiving expiration date and archiving

items. A comprehensive metadata approach is necessary for long-

refresh interval. This type of metadata is critical to implementation

term data access and preservation through the facility life cycle

of a long-term facility life cycle information strategy. The Open Archival

phases. Metadata requirements should be included in the handover

Information System (OAIS) Reference Model, ISO 14721:2003, deﬁnes

requirements.

an archival system dedicated to preserving and maintaining access to
digital information over a long term.

The source of the metadata can be internal to the information resource—deﬁned automatically at the time the resource was created—
or it can be external and added manually. In addition to other
beneﬁts, structured data typically creates and manages a good deal
of the metadata required.

Structural metadata describe the internal structure of the information
and relationships between its components. They can be used to
track the relationship between a single drawing and the set to which it
belongs, multiple revisions of the same document or the relationships
among ﬁles in a compound electronic document (e.g., reference
ﬁles making up a CAD drawing, or a spreadsheet linked to a document).
They can also be used to describe the documents that derive from
a particular information package in structured form.
For document metadata, there is an ISO draft standard: ISO/DIS 82◊45.5
Document management – Part 5: Application of metadata for the
construction and facility management sector (2◊◊4-◊3-11). It speciﬁes
elements and methods for sharing and exchanging metadata
for documents in the architecture, engineering and construction, and
facility management domains. It is designed for use with both
electronic and paper-based document management systems and includes all three types of metadata described above.

When to begin

Handover requirements—content, format and metadata—should
be deﬁned in the contract between parties. Unless the information
is originally created in the desired form, it may be difﬁcult and
expensive to convert. Also, a structured form created after the fact
fails to provide the same beneﬁts. A study conducted by the
Construction Industry Institute (CII) in the United States in the early
1990s (RS106-1: 3DCAD) suggested that the effort to convert
facility drawings developed manually or in an unstructured CAD format
to a structured model was ineffective in controlling construction
costs or schedule, while the use of information-rich models during
design did yield such beneﬁts.
Therefore, it is essential that the facility life cycle information
strategy and the handover requirements be established before project
initiation so that contractual requirements for information handover can be deﬁned.
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