Facility Information Management & Technology Management

Facility managers must excel in technology. This includes monitoring technology trends, conducting
assessments for improvements, aligning facility tech with organizational IT, assessing tech application in
operations, and implementing integrated workplace management systems
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The references in this course have been selected solely on the basis of their educational value to the IFMA
Facility Management Learning System and on the content of the material. IFMA does not endorse any
services or other materials that may be offered or recommended by the authors or publishers of the books

and publications listed in this course.

Every effort has been made to ensure that all information is current and correct. However, laws and
regulations are constantly changing. Therefore, this program is distributed with the understanding that the
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Technology

* Introduction

Role of facility
managers as
related to
Technology
competency

Technology
and the facility
manager
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The Technology section of the IFMA global job task analysis states that a

competent facility manager should be able to:

¢ Monitor and evaluate technology trends and innovation.

e Conduct assessments and/or collaborate on facility management
technology needs analysis in order to recommend technology
improvements.

¢ Align facility management technology with organizational information
technology.

e Assess the application of technology within facility operations.

o Evaluate, implement and operate integrated workplace management
systems (IWMS).

There was a time when “technology” for a facility manager meant
wrenches, ladders and flashlights. The change in facility technology
has been fast and ceaseless. In 1965 Intel co-founder Howard Moore
noted that the number of components in an integrated circuit had
doubled every year since 1958 and would probably continue to grow
exponentially until 1975. (This observation itself evolved quickly into
Moore’s Law, a mathematical projection about the pace of
innovation.) The growth trend lasted well into the 21st century, a bit
longer than Moore anticipated.

Today some of the most essential tools for a facility manager are
digital. The growth in processing power has enabled facility
managers to gather, store and analyze enormous quantities of facility
performance data and to act on that data quickly—in some instances,
automatically.

As Exhibit 6-1 indicates, an effective use of new facility management
technology may be the key to meeting the changing needs of
workplaces and occupants and the changing expectations of the FM’s
organization.

6-1 Edition 2013, Version 1.0
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Technology

Exhibit 6-1: Technology’s Role in Meeting New Workplace and Organizational Needs

Workplace shifts

Different levels of use
and demands for facility

space
Technology trends :
Expectations
Standard protocols, of FM
wireless
connectivity, smart Transparency,
buildings efficiency and

sustainability

The Technology competency focuses on the ways in which facility managers
can use technology to meet the expectations of management and the changing
needs of occupants.

¢ What organizations today expect from facility managers. Facility
managers work today in an age driven by “big data” that allows senior
management to see exactly how their organizations are performing in
terms of efficiency, productivity and sustainability. The right technology,
effectively implemented, can increase the value of the organization’s
assets. For example, systems that support high levels of sustainable
operation and demonstrate performance with reliable data are more
desirable properties, commanding higher leases and achieving higher
occupancy rates. Facility technology can also be aligned with the
organization’s overall strategic goals and support progress toward its
objectives. For example, it may be the key to optimizing facility size,
decreasing operating costs and improving cash flow. Today, facility
managers must see facility operations and technology from the perspective
of the organization’s senior managers. That means not collecting pointless
data and helping organization leaders understand the implications of
building performance data so that they can make better decisions.

© 2013 IFMA 6-2 Edition 2013, Version 1.0
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Introduction

e \What occupants and organizations expect from the workplace. Some
needs haven’t changed. Occupants still expect a comfortable, clean, safe
and secure place to work. But mobility and social changes have redefined
what constitutes a workplace, and occupants expect the same flexibility and
customization that they can get in other parts of their lives. Organizational
silos are breaking down as collaboration and project-focused teams become
more essential to innovation and marketplace agility.

¢ What technology can do to help meet these needs. Trends in new
technology toward standardization and connectivity between applications
support integrated workflow management and automated building control.
New communications technology supports face-to-face meetings,
information sharing and mobility efficiently and securely. By putting more
knowledge—and more integrated knowledge—about every aspect of a
building at a facility manager’s fingertips, emerging technologies can help
facilities support goals related to productivity, safety, security and
sustainability and achieve compliance with standards and regulations.

This competency provides a starting point for facility managers’ continuing
education in technology. It is not intended as an in-depth review of underlying
technologies and available products. It assumes a basic understanding of
computing terminology and concepts—such as networks, the Internet, user
interfaces and security devices. It also maintains a facility manager’s
perspective on technology, focusing on a level of detail that will support helpful
dialogue with members of the organization’s information technology (IT)
function and with vendors. It is not intended to make facility managers experts
in advanced building technology or information technology.

It is not practical for most facility managers to try to acquire a level of expertise
that is already available in their organization’s IT function or through
professionals and consultants in building and communications technologies.
The competency’s goal is to help facility managers talk intelligently with their
technology partners, to know what questions to ask and what information to
provide, to make intelligent purchasing decisions, and to manage
implementation and operation of new technology effectively.

Another reason not to dive into the details of the technologies described in this
competency is the rate of technological change. Because technology is
constantly evolving, the technologies and products mentioned in this
competency may persist, or evolve into different forms, or disappear entirely.

6-3 Edition 2013, Version 1.0
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Technology

This is why the competency is reviewed and updated regularly. So, rather than
providing a detailed grounding in how today’s building technology works, the
competency focuses on probable trends and capabilities in building
technology—on how building technology can help facility managers fulfill their
own strategic objectives and support the organization’s strategic plan. While
they may not be technical experts, facility managers should be aware of what
technology may be able to do for their facilities and organizations.

The fact is that to maintain true technology competency, facility managers must
commit to continuous learning. They must look in an active and ongoing
manner for opportunities to add depth and currency to their understanding of
building technologies. They can do this by attending professional meetings and
following facility management publications.

Overview of Technology is, of course, a broad topic. Learners will find references to
Technology technology from different perspectives in other competencies in this
competency program—for example, to sustainable technologies in the Environmental

Stewardship and Sustainability competency or to safety and security
technologies in the Emergency Preparedness and Business Continuity
competency. The Technology competency focuses specifically on advanced
facility technology and the process of ensuring that chosen technologies meet
the current and future needs of the organization, are properly implemented, and
are used in the most effective manner. Exhibit 6-2 describes the content
covered in the following chapters.

Exhibit 6-2: Overview of Technology Competency (continued on next page)

Chapter Content
1. Strategic Alignment of o Review of the principles of strategic
Facility Technology management and the alignment of the facility

technology plan with the organization’s overall
goals and objectives
e Stakeholder needs as they apply to facility

technology
e Relationship between facility management and
IT
2. Control and Integration Overview of the capabilities and benefits of:
Systems e Building automation system (BAS)

¢ Energy management system (EMS)

e Integrated workplace management system
(IWMS), which can include special purpose
systems, such as space, asset, maintenance
and project management

© 2013 IFMA 6-4 Edition 2013, Version 1.0
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Introduction

Exhibit 6-2: Overview of Technology Competency (concluded)

Chapter Content
3. Emerging and Overview of the capabilities and advantages of:
Evolving Facility e Building information modeling (BIM)
Technology e Building imaging technologies such as laser and thermal
scanning

e Geospatial information system (GIS)
e Automatic identification systems, such as bar coding and
radio frequency identification (RFID)

4. Communication e How wireless technology has affected facility communication
Technology networks

e Supporting mobile communication devices in the facility

¢ Emergent communication technologies, such as Voice over
Internet Protocol (VolP)

5. Workplace Strategies to support:
Technology e Collaboration and productivity, including “smart” rooms and
virtual meeting technology

¢ Flexible and productive use of workspace

6. Implementing Reviewing project management steps as applied to the special
Technology Projects requirements of a technology project, including:

e Conducting technology needs assessments

e Selecting cost-effective solutions

e Planning, monitoring and documenting project output

e Testing for quality and alignment with project objectives

¢ Implementing the switchover and training users

e Evaluating and communicating project results

© 2013 IFMA 6-5 Edition 2013, Version 1.0
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Chapter 1: Strategic Alignment of Facility Technology

After completing this chapter, students will be able to:

Ilustrate alignment of the facility’s use of technology with the organization’s strategic plan.
Provide examples of trends in organizations and workplaces that affect a facility manager’s
use of technology.

Distinguish different stakeholder needs and expectations and their implications for facility
technology use.

e ——————— e —

‘*’ Topic 1. Using Technology to Support Strategy

Strategic The facility’s use of technology must be seen in the context of the organization’s
facil ity p lan and FM’s strategic plans. Technology is a tool that can perform certain tasks, but
and it should also be seen as the means for aligning those plans and helping both the

tech n0|ogy organization and FM achieve its long-range strategic objectives.

© 2013 IFMA
All rights reserved

The Leadership and Strategy competency describes the process a well-managed
organization uses to set its strategic objectives. This process is illustrated in
Exhibit 6-3 on the next page.

The model underscores the relationship between the organization’s strategic plan
and the strategic facility plan. The organization seeks first to understand the
needs of its customers and then plans a strategy to fill those needs in a way that
fits the organization’s mission, values and culture. The various members of the
organization—its business units—are called upon to create their own strategic
plans to support the organization’s strategic objectives. Each business unit,
including facility management, must decide how it will use its resources to
support and advance the organization’s overall agenda. Will it need to shift
resources from previous areas of focus to new objectives? Will it need to
increase productivity? How will it do this? Are new kinds of skilled employees
needed? Will new tools be needed? Should we organize ourselves differently?

The answer to these questions becomes the strategic facility plan, which is itself
composed of multiple tactical plans. These tactical plans can include budgeting
and staffing plans, operating and maintenance plans, capital projects and
technology plans.

6-6 Edition 2013, Version 1.0
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Chapter 1: Strategic Alignment of Facility Technology

Exhibit 6-3: Strategic Planning Overview Model

Strategic
Purpose Level ( CUSt%merS )
Strate.gic Entire Organization Strategic Plan (Corporate Strategy)
Ele?/nerlung Mission, Vision, Values, Culture, Strategic Objectives
Business Unit Facility Management Organization Other
Strategic Strategic Facility Plan Business
Planning Level Portfolio, Facility Master Plans (Real Estate Master Plans) Units’ Plans
@ )
Operations and Maintenance Budgets Design and
Tactical Operations Maintenance Construction Plans
Planning Plans Plans
Level
\ 4
E;(\(laglutlon ( Execution )
Measurement
Level ( Measure Performance )
Feedback : ¢
Ll Validate Strategy )
Benefits of Facility managers must be prepared to present the benefits of adopting and
technology to the  jmplementing new facility technology and to evaluate investments in

organization technology in strategic terms, which may be financial or non-financial.

The benefits of advanced building technologies include the following:
e Cost savings from:
Improved operating efficiency
Longer equipment life from improved maintenance practices
Optimized use of facility space
Efficient vendor relations and project management
e Alignment with organizational values, such as a commitment to
sustainable practices, improved work/life balance and equipping
employees with quality tools

© 2013 IFMA 6-7 Edition 2013, Version 1.0
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How organizational
strategy can affect
facility technology
projects
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e Improved organizational governance. There is greater control over
organizational assets and greater transparency in the results of operating
and purchasing decisions. (Keep in mind that greater transparency can
also mean greater accountability. For that reason, some members of the
organization may be reluctant to adopt technology that more clearly
documents returns on investment.)

¢ Enhanced workplace quality and services that can also increase facility
customer satisfaction

o Documenting compliance with laws, regulations and contracts

e Knowledge management. A continual challenge for organizations is to
capture and access the collective wisdom of its members, even as
members exit the organization. Facility technology provides the means
to gather information about the facility’s systems and practices over time
and to organize it and make it easily accessible to both new and old
members of the organization.

A shift in organizational strategy can create the need for enhanced use of
technology within a facility. Consider the following examples:

e A property management company decides that, to reach its financial
performance goals, it will target a specific type of tenant—organizations
that will be willing to pay higher rents for features that can help them
attract and retain knowledge workers. To support this strategy, facility
management asks senior management to invest in technology
improvements and sustainable programs for new and existing properties,
possibly seeking sustainable building certification when feasible.
Facility management will need to acquire building automation
technology to optimize energy use. An integrated workplace
management system (IWMS) could be used to generate reports to
support certification applications. The facility management organization
will also need to ensure that its staff is trained in the use of the new
technology.

e A health-care company that includes a hospital and several office
buildings must become more efficient. Management sees an opportunity
for growth in this market, and would like to increase overall revenues by
10 percent. At the same time, budgets are being cut because of
aggressive negotiations by government payers and insurers. Facility
management has been told to decrease facility space. Facility
management considers this strategic direction and proposes more

6-8 Edition 2013, Version 1.0
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Chapter 1: Strategic Alignment of Facility Technology

aggressive space management and the use of an analytic tool that will
help facility management measure the use of facility space in terms of
productivity. The goal is to redefine space to support revenue-producing
activities and, if possible, to decrease the organization’s physical
footprint. One opportunity may be the significant space consumed for
record keeping. Working with IT, facility management may be able to
repurpose that space by using newer technologies that allow offsite
storage and more rapid, global access.

e A manufacturer focuses on contracts with a few, very large customers.
While this provides stable revenue and lower administrative and selling
costs, it means that the company has a very low tolerance for risks that
can threaten contracted commitments to deliver product in specific
quantities at set times. Facility management considers this situation and
proposes using a building automation system (BAS) that can provide
early warnings of core building system failures, such as loss of air
conditioning, which might inhibit occupant activity. An integrated
maintenance workflow system can also be used to implement a more
systematic approach to maintaining building systems.

These are only a few examples. Every organization will have its unique
challenges, and it falls to facility management professionals to develop

creative ways to meet those challenges—ways that increasingly involve
technology.

Effective facility Facility managers should remember the goal of strategic alignment when they

technology plans propose a technology project to management. They should be prepared to
demonstrate how the new or enhanced capabilities are aligned with the
organization’s strategy and will promote organizational objectives. Alignment
can be strengthened when facility managers integrate facility technology with
the organization’s existing platform technology. For example, they should
consider implementation of modules of the corporate enterprise resource
planning (ERP) system. ERP products integrate internal and external data
across an organization, not solely within specific functions, to perform a
variety of organizational functions, such as accounting and customer
relationship management. This allows users in different functions to share
common information for different purposes. For example, FM can use real
estate, asset management and maintenance management modules to integrate
procurement and fiscal reporting.

© 2013 IFMA 6-9 Edition 2013, Version 1.0
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In addition, a good technology plan:

Emphasizes benefits to the organization first and then describes the
technology, limiting details to the audience’s interest and level of
understanding.

Is based on a needs assessment. Technology needs assessments are
discussed in Chapter 6, “Implementing Technology Projects.”

Is created in collaboration with the organization’s IT function to ensure
compliance with internal standards, facilitate adoption and installation and
avoid software and system conflicts.

Considers the impact of the plan on people (both occupants and staff) and
0N processes.

Includes metrics against which the success of the plan can be assessed.

Is benchmarked against best practices in comparable organizations or
facilities.

Includes a business case that demonstrates the project’s economic
advantages and discusses non-economic advantages. Economic analyses
may include tools such as return on investment (ROI), life-cycle cost
analysis (LCCA) or total cost of ownership (TCO). These tools are
discussed in the Operations and Maintenance competency.

Considers the pace of technological change in the context of the project time
table. The fast pace of change brings both opportunities for technology users
and headaches for decision makers. Desk drawers and filing cabinets and
even facility plenums are full of the remnants of old technology. How many
people use thumb or flash drives now, when they can more easily access or
share necessary information through the Internet? How many facility vehicles
have GPS that is duplicated on their drivers’ smartphones? Timelines for
lengthy projects must anticipate the potential for new versions of software
with different capabilities and requirements.

‘*’ Topic 2: Current Trends in Organizations and Technology

© 2013 IFMA
All rights reserved

There are many observations to be made about technology, but here are three safe
ones:

Technology makes change—sometimes better, sometimes worse, often just
different.

Technology itself will change—as noted above, constantly evolving and
requiring continual reassessment of its uses.

Technology can help organizations and occupants to adapt to change—to
respond to changes in society, the global marketplace and organizational
practices.

6-10 Edition 2013, Version 1.0
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Chapter 1: Strategic Alignment of Facility Technology

The key word here is change. Competent facility managers learn to accept and
master change, whether it is occurring in their facility management tools or in the
facility itself. One of the first steps to mastering change is to maintain a general
awareness of trends and innovations, in both the field of technology and in
organizations and workplaces. Facility managers can increase their understanding
of facility technology trends and innovations through participating in professional
associations, attending meetings and networking with their peers.

Organizational As shown in Exhibit 6-4, organizations, occupants and the workplace have

trends

© 2013 IFMA
All rights reserved

been influenced by changes in a number of areas, including:

e Globalization.

e More intense economic competition.

e Increase in knowledge workers.

e A growing interest in and commitment to sustainable organizational
practices.

e Demography and workplaces.

Many of these changes are supported by changes in technology.

Exhibit 6-4: Organizational Trends Affecting Facility Management

Globalization

Demography
and Economic
workplace competition
changes A
Facility
Management
Sustainable Knowledge
facilities workers
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Globalization

Intense economic
competition

Knowledge
workers
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The world is moving from an age of colonialism into what the U.S. journalist
Thomas Friedman calls a flat world—a global economy in which the
“playing field” has been leveled. Because of changes in transportation,
communication and technology, relatively young economies can compete
effectively with matured economies. North America and Europe must share
markets with the BRIC nations—Brazil, Russia, India and China—and other
new players.

Globalization has given rise to the development of business organizations
that are not simply international (doing business across borders) or
multinational (headquartered in one country but having production and
marketing interests in many countries). These new organizations are
transnational entities, often developing a global template that can be adapted
to local markets.

The lifeblood of a transnational organization is communication. Teams span
continents and time zones. Communication and work proceeds 24 hours a
day, seven days a week. Flexibility, sharing and openness to new ideas are
more important values than empire building and protection.

Globalization and new technologies have intensified competition for markets.
New supply chain practices, outsourcing, offshoring and virtual retailing have
helped businesses lower costs and, consequently, prices. However, profit
margins are more fragile.

The trend now in strategic business management is toward leaner operations
and higher productivity, reliability and quality. Business interruptions or
conditions that reduce productivity in general erode profitability. The same can
be said for square footage that is not put to use in the most productive manner.
In general, facilities are becoming more compact. Management must also be
able to track and report economic performance and use accurate, timely data to
make business decisions.

While manufacturing is still essential, an increasing amount of capital is
invested in activities that require highly skilled, knowledgeable workers.
Instant access to colleagues, institutional wisdom and experience, data and
tools is essential. These workers take time to develop and are not easily
replaced. Organizations spend more time now trying to attract and retain these
high-value workers—trying to create positive employer branding.

6-12 Edition 2013, Version 1.0
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Chapter 1: Strategic Alignment of Facility Technology

The employer brand is affected by diverse factors, such as:

e Policies regarding flexible work hours and better work/life balance.
e Competitive compensation systems.

e  Access to career building opportunities and new tools.

o Facility surroundings that support their work habits and social needs.

Sustainable One of the elements of employer branding may be an organization’s values, as

organizations and  eyjdenced in its commitment to sustainable policies and practices. A

practices sustainable organization has committed to practices that support rather than
deplete finite resources. An interest in sustainability may come from factors
other than organizational values, however. Sustainable practices may be
required by an organization’s clients and customers, government agencies and
regulators and the organization’s bottom line.

Competition for finite resources is increasing. Governments are imposing
carbon taxes to impel changes in energy use and pay for mitigating the effects
of climate change. An organization that can manage its materials and energy
use can be more competitive. It can also seek sustainable building certification
voluntarily. These buildings can provide greater savings and occupant comfort,
but can also strengthen the organization’s public image and increase the
property’s desirability to tenants.

The Triple Bottom Line, shown in Exhibit 6-5, illustrates sustainable facilities
as an intersection of social, environmental and economic forces that call for
solutions that are bearable, equitable and viable. The Environmental
Stewardship and Sustainability competency explores the strategic issues
surrounding sustainable facility management.

Exhibit 6-5: The Triple Bottom Line

Social

Sustainable

Environment Economic
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Workplaces have become extremely diverse. Although there may be geographical
and industry exceptions, men and women are equally represented. The age range
of workers has increased, and each age group has its own cultural preferences and
needs. For example, younger employees require digital accessibility, while some
older workers may require training and support to get the full benefit of
workplace technology. Younger workers may also have different ways of working
now, needing connectivity outside the office and ways to collaborate online with
associates.

Security has become a growing issue. Acts of violence can come from the outside
(e.g., terrorism) or the inside (e.g., workplace violence). The critical nature of
proprietary knowledge makes an organization more vulnerable to theft and
sabotage, including breaches of cyber security through hacking, thefts of service
or the introduction of viruses that can corrupt data and terminate functions.

Although its demise was predicted, the office has not disappeared. The type of
work done there has changed, however. Because of technology, solo or
independent work may be done anywhere—home, hotel rooms, coffee shops. The
workplace has now become a place to reconnect periodically and to collaborate.
Meeting space is more productive for the organization than large corporate suites.

If one stands back and observes the new technology from a distance, certain
vividly colored threads begin to stand out. These trends are directly
influencing the way technology is used in the workplace and by facility
management. They include, as shown in Exhibit 6-6 on the next page:

e Embedding of more data and greater intelligence in information systems.
e Greater interoperability among building control systems.

e Virtualization of data storage, access and computing power.

e Access.

e Enhanced communication.

The rapid increase in microprocessor speed and capacity makes possible:

e Smarter sensor networks in buildings, sensor nodes that can store data, send
messages and receive instructions—sometimes wirelessly.

e Automated actions that can save time and money. One facility management
consultant noted that simply automating the entry of occupant responses to a
facility audit reduced the costs of that activity by 75 percent.

e Systems that can display multiple layers of information about a given object
and relate separate objects.

e Business analytics software that can collect data from multiple systems in
real time and analyze the data to support decision making.
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Chapter 1: Strategic Alignment of Facility Technology

Exhibit 6-6: Technology Trends and Facility Management

Greater and

more
distributed
intelligence
Software as a
i Inter-
fg;‘;{%? operability
Facility
cloud Management
comgﬂting Virtualization
Enhanced
communi- Access
cation
Interoperability One of the greatest obstacles in implementing facility management systems is

achieving interoperability among the different special-purpose systems that a
facility has acquired over the years. Systems providers have tended to use
proprietary technology that discouraged networking facility management tools,
making management more difficult and preventing facility managers from
getting full value from their technology investments. Facility managers must
use controllers to combine and act on input from different systems. These
controllers themselves, because they support specific system products, can

limit a facility manager’s choice of building systems.

There has been movement toward harmonization of standards and
communication protocols, however. BACnet™ (for Building Automation and
Control networks), is an open communication protocol that supports
interoperability among different devices. It became an ASHRAE/ANSI
standard in 1995 and an ISO standard in 2003.

A similar but proprietary product, LonWorks® (originally LonTalk), was
released in 1999 and has been recognized by ISO/IEC. An increasing number
of building control products build in these common protocols.
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Another approach that has emerged is the use of online server applications that
use the Internet Protocol (IP), the protocol used for the public Internet. The
server acts as a gateway and translator to support data communication among
building control components as well as voice communication, termed Voice
over Internet Protocol or VVolP. Since IP is an open protocol, it is relatively
inexpensive and is being included by manufacturers in their facility technology
products.

IP offers several advantages:

It supports wireless communication.

It can allow integration of building control systems with the organization’s
business-level systems and its enterprise management applications.

It can be more cost-effective than traditional circuit-switched communications
since calls use less transmission time. Calls can be compressed further using
data-compression tools.

There are disadvantages to IP, however, that facility managers must consider and
manage if they choose to pursue this technology.

© 2013 IFMA
All rights reserved

Number of server addresses. Each connection over the Internet requires a
static or dynamic IP address. A facility’s server must be sized to support
anticipated voice traffic. If it is undersized, transmissions can be slowed or
dropped.

Transmission quality. Although IP technology is the subject of intense
development efforts, transmissions can be affected by connectivity “hiccups”™—
collisions of data packets sent back and forth that can cause delays and errors in
transmission. These are perceived as the “talk over effect” and “jitter” (very
brief delays) in VolIP and occasionally total loss of data in the course of a
transmission. Transmission quality can also depend on the processing capability
of the computer being used. If a computer does not have sufficient processing
power, transmissions can be dropped when the user opens another application
on the computer.

Guaranteed response times. Because IP uses a packet-switched network
broadcasting strategy, response times are not guaranteed. This can be
problematic for high-performance applications.

Security. Internet transmissions, including VolP, are subject to intrusions, theft
and tampering. Facility managers must work with their IT functions to ensure
that their organizations’ data is protected, that appropriate automatic protections
are in place and that occupants are trained about safe computer use.
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Did You Know?

The limited address issue associated with IP is improving. With each new
generation of IP, the number of possible addresses increases. IPv4 had only
about four billion addresses. IPv6 has about 3.4 x 10 addresses, or
340,282,366,920,938,463,463,374,607,431,768,211,456 addresses.

Virtualization

© 2013 IFMA
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Virtualization in general refers to the conceptual creation of something
actual. In a computing context, virtualization obscures the physical
aspects of the relationship between a user and a computer system or
network, but allows the user to perform the desired tasks—usually more
quickly, reliably and inexpensively.

Virtualization can be used within individual computers and networks to
improve performance and increase reliability. It can also be used to
create host/guest server environments, and this form of virtualization
may be of most interest to FM today. A virtual server can run multiple
operating systems (OS) with multiple configurations for each. A virtual
machine (VM) server can have up to 50 of these environments on one
device or one “u” slot in a data center rack.

The effect is that one server appears to be many different servers with

different functions. For example, one VM server can host:

e Windows® 7 with Oracle® purchasing software.

e Apple OS running Apple’s version of Microsoft® Exchange.

e Sun Solaris (UNIX®) running the Remedyforce™ help desk
application.

o Windows NTg Exchange Server.

e Any operating system running the organization’s intranet sites.

The concept of virtualization is illustrated in Exhibit 6-7 on the next
page.

All of these applications are necessary to run an enterprise. With a VM
server, FM needs to deliver power and air conditioning for only one
machine rather than two racks or more of equipment in a data center.
This relieves pressure on both operating costs and facility footprint.
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Exhibit 6-7: A Physical Server Versus a Virtual Server

Physical World Virtual World
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in One Hardware Element

Application
Operating system

Cloud computing In cloud computing, users can—via the Internet—store, access and process
data that is stored at locations that can be anywhere. The users are hosted in
vast IT facilities (which may use virtualization to implement cloud
computing).

The major advantages of cloud computing are scalability and lower up-front
costs. Organizations can buy just what they need, and they can avoid the
expense of hardware purchase, costs for operating and housing the equipment
and IT resources used to solve all-too-common installation and compatibility
issues. Organizations can also share the financial risk of possible interruption
of service.

Cloud computing services can be public (over the Internet), community-based
(clients with similar needs for security or compliance) or private (dedicated to
a single organization and operated by the organization itself or by a third

party).

Exhibit 6-8 shows how users can enter the cloud from a variety of devices and
access servers (sometimes arrayed in networks). The servers may be returning
data or providing online access to a software application.
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Exhibit 6-8: Cloud Computing

In software as a service (SaaS), the user does not own the application being
used; the application resides at a remote location, rather than on the user’s
system, and the user accesses it through a cloud platform, usually for a fee.
SaaS saves an organization the expense of managing multiple software
licenses and maintaining the application through periodic updates and
upgrades. It frees up IT time and processing and storage space on the
organization’s information system. Many facility management systems are
now available as SaaS.

The increase in access and control is due primarily to the growth of wireless
communication and small, portable but powerful devices, such as
smartphones or tablet computers.

In an intelligent building, remote sensors or motes can send data to wireless
hubs which can then be sent on to controllers. Instructions based on this
input can be returned, again wirelessly, to switches and actuators. This
saves the expense of wiring, but also expands the use of wireless sensor
networks in a building control environment. Another advantage of wireless
systems is that they reduce a building’s fire load or combustible
components.

The most obvious use of wireless sensor networks is in managing a
facility’s climate and energy consumption, but there are other possibilities.
For example, wireless security networks can make it easier to capture
images from closed circuit TVs located throughout the facility, detect
intrusions through an array of sensors, and control access at various facility
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Enhanced
communication
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entry points. Wireless sensor networks could be integrated into a facility
management tool to show in real time where parking spaces are available.

Access is also increased through mobile devices. Having a powerful
computing device that is not tethered to an electrical outlet and a land line
means that work can now occur wherever a secured wireless signal is
available. Facility management staff can access systems at the work site or
on the road. With each generation of wireless service, the amount of data
that can be transmitted and the speed of transmission increases. New
generations of mobile connectivity standards have appeared about every 10

years:
e 1Gin1981
e 2Gin1992
e 3Gin2001
e 4Gin2011

Facility managers should remember, however, that while mobility increases
organizational productivity, it also increases occupant expectations.
Occupants now expect excellent signals and performance wherever they
are. Mobility has also extended the work hours, and occupants expect
support 24/7.

Greater access also brings increased need for security to prevent
unauthorized access or use of networks and data.

Technology has enabled the combination of voice, visuals and data into one
communication event. Web meetings are now an effective way for
organizations to avoid the economic and carbon costs and lost productive
time associated with business travel. They are genuine tools for productivity.
Meetings can be organized quickly. They add visual information to make
aural messages more complete. They incorporate tools not available with
face-to-face meetings, such as recordings.

While an online meeting is an example of enhanced synchronous (or
occurring in real time) communication, technology and the Internet have also
enhanced asynchronous communication. Blog posts, crowd sourcing and
wikis are all ways that people can collaborate in a sequential but productive
manner.
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Impact on How do these trends affect facility managers?
facility
management e Management expects facility managers to be more than just familiar
with the opportunities and requirements of current and emerging
technologies. Facility managers must address in their own personal
development plans the need for continuously adding technological
knowledge. There are formal opportunities, such as IFMA’s World
Workplace, chapter and IT council meetings for professional
associations and trade shows, but there are also ample informal
opportunities:
Tour other facilities. Facility managers are usually eager to share
what they have learned and accomplished in their own workplaces.
Benchmark the best. Identify facilities that are known for using
technology well and in an innovative manner and ask for a tour.
Talk to younger team members who may be able to share
experience from school or from the technology they use in their
personal lives.
Network with IT personnel and learn the language and concepts.

o Facility managers must develop a close partnership with IT. This
necessary relationship is discussed more fully later in this chapter.

o Facility and occupant surveys should include questions about facility
technology, including its adequacy for occupant needs and reliability.

e Facility managers must also learn to use business analytics—identify
what measures are appropriate for their organization’s objectives,
ensure that the right data is being collected, draw valid and
constructive conclusions from that data and present results effectively
to management.

¢ Facility managers must become effective leaders of change and
managers of technology projects.

o Finally, facility managers should become more aware of the workplace
and functions they support—the perspectives of other stakeholders in
the organization. They must learn to see the facility from these groups’
perspectives and creatively match their needs with appropriate facility
technology. Stakeholder needs and facility technology are discussed in
the next topic.
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‘*’ Topic 3: Using Technology to Meet Stakeholder Needs

Stakeholders
and
technology
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Given the focus on strategic management today, competency in the latest
facility technology offers a facility manager valuable professional
advantages. A facility manager who can identify the various needs of
stakeholders both inside and outside the organization and use technology to
address those needs in a cost-effective manner becomes a more valuable
member of the organization’s strategic management team. Technology
helps expand what facility management offers beyond delivery of services
to strategic contributions.

To make the most of technological competence, however, facility managers
must find a way to become involved at an earlier stage in strategic planning.
Opportunities for greater efficiency and building performance may be
limited or eliminated entirely by decisions made during a project’s design
phase. As the discussion of building information modeling (BIM) in
Chapter 3 will show, new technology can be deployed in a way that folds
an entire structure and its entire lifespan into a single database—the history
of every building component, its present status and its future replacement or
modification.

One way to earn a place in these early discussions is to use awareness of
stakeholder needs to build networks of influence and to use competence in
innovative technological tools to build solutions that benefit individual
stakeholders, the facility management function and the entire organization.
The stakeholder theory of strategic management proposes that different
participants in an organization have different goals, and these goals define
their needs and expectations. Stakeholders are those who stand to gain in
some way from their relationship with the organization. They can be
internal or external to the organization.

Exhibits 6-9 and 6-10 on the following pages list examples of internal and
external stakeholders and their needs, the solutions to which often rest in
technology tools that facility managers can deploy. The lists are not exhaustive
and may not be true for every organization. Organizations are different, and
facility managers should make it a practice to communicate with internal and
external stakeholders (where possible), ask about their priorities and listen
carefully.
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Chapter 1: Strategic Alignment of Facility Technology

FM and IT The relationship between IT and FM has evolved as their individual needs
have become more complex. Today these two functions must collaborate to
succeed. That requires that each partner understand the needs of the other and
find ways to accommodate those needs. FM and IT managers must seek
opportunities to establish and strengthen the relationship, to open channels of
communication between the functions and to take advantage of each function’s
expertise.

IT’s needs Its critical role in most organizations has made the IT function particularly
concerned about factors that affect its work:

e The quality of support services it receives. Most IT functions cannot
tolerate even brief disruptions or conditions that may impair data and
transmission quality. As a result, as an FM customer, IT has significant
critical needs, including:

Space for equipment (e.g., server and network space, data centers) as
well as climate conditioning for those spaces (e.g., cooling, humidity
control, air filtration) and necessary electrical wiring and
communication cabling (which may be installed in ceiling spaces or
under raised floors). These spaces will need to be located carefully to
manage risks to IT operations, decrease possible interference and
ensure efficient and effective connections to land-based, satellite or
wireless networks. IT may also need room to grow.

The right type of space for IT employees. These employees may need
more collaborative space, more bench space for equipment, greater
flexibility in terms of space use or housekeeping standards and in
facility operating schedules.

Public and private network access

A reliable and quality power supply as well as emergency backup
power supplies

Special purpose fire protection systems

In some instances, backup sites where IT can continue operations
during facility disruptions

Security for sensitive equipment (e.g., locked rooms, video
surveillance)

Automated alerts to detect possible issues quickly (e.g.,
temperature/humidity deviations, water leaks in data spaces)

Early notification for planned utility outages
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o Itsworkload. In addition to its strategic assignments, the IT function usually
manages computer hardware and software and often provides support to
other functions, especially when functional software applications are
integrated with the organization’s ERP platform. IT management is sensitive
therefore to any decisions in other functions that could become drains on its
limited resources—for example, applications that are not fully compatible
with the ERP, functional processes that can compete for computer time with
IT or organizational processes, or practices that could pose security threats to
the organization’s information system. IT may become the “technical buyer”
in the process of acquiring new systems. In other words, their review and
approval is required before a function can complete a purchase. Functions
must ensure that all new technology meets I'T’s published standards. In
addition, IT would prefer to control the number of computer applications and
software licenses that they have to track and maintain. Therefore they limit

functions’ choices for new software to a few alternatives.

e Its governance responsibility. IT is especially concerned with the issue of
governance for a number of reasons. First, it represents a significant
investment by the organization, and it must therefore be able to demonstrate
to stakeholders that it is delivering the anticipated value to the organization.
Second, because it is essentially a steward of the organization’s data and
automated processes, IT often has compliance responsibilities for issues such
as data handling and data privacy and security. Third, because data and
analysis both support management risk assessment and decisions, IT must
ensure the integrity and transparency of its data and processes.

As a facility customer, IT can be demanding. The function uses a large amount
of energy (directly or indirectly, through increased cooling needs) and can
produce more challenging waste, in the form of discarded electronic
components. They require fast responses to facility-related problems.

Data centers present specific and unique infrastructure needs and require FM to

work with IT to develop approaches to operations and maintenance projects and
tasks. The requirements of data centers are discussed in greater depth in Chapter
6, “Implementing Technology Projects.”

These needs may conflict with facility management’s commitment to energy
efficiency, which calls for an active partnership between the two to find ways to
meet both IT and energy conservation needs by applying “green IT” policies.

As the technical buyer for new organizational and facility technology, IT also
wants to control its workload and limit risks of program incompatibilities and
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interference. If FM does not involve IT in technology acquisitions early in the
process, facility managers can find themselves waiting for months for IT to
assess and approve a software purchase.

FM is also a customer of IT. The increased use of building technology requires

IT assistance in selecting, implementing and supporting products; creating and

maintaining networks; and maintaining databases. IT must understand FM’s

responsibility:

e To operate the facility efficiently and effectively. Increasingly, this goal
requires the use of new and complex technology.

e To support senior management decisions with current and quality data on
building performance.

e To control building operation costs. Space needs must be accommodated,
but FM is obligated to allocate space efficiently.

e To support the organization’s sustainability. FM is committed to
decreasing the facility’s energy use and waste.

Unquestionably, IT and FM need each other. Creating a productive
collaboration can begin with conversations in which IT and FM educate each
about the other’s strategic goals and requirements. Other ingredients for a
better relationship could include:

e Discussing the organization’s sustainability policy with IT and working
together to implement “green” computing practices. “Green computing”
focuses on sustainable goals such as:

Increasing energy efficiency of computing equipment. This can be
achieved by purchasing equipment with more efficient power supply
units and by ensuring that users employ power management modes
(e.g., “sleep” or hibernation settings).

Decreasing the use of finite materials in computer products by
emphasizing the use of recycled content.

Decreasing the amount of waste, especially toxic waste, from
decommissioned computer equipment through redesign.

Decreasing use of energy and facility space through greater use of
virtualization and cloud computing.

e Involving IT early in the process of acquiring new building technology.

o Defining service level agreements for each side—e.g., for IT,
infrastructure and FM service requirements; for FM, required IT support
levels, outage frequency and duration.
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e Negotiating solutions to operational or scheduling conflicts or “rules of
engagement,” such as finding mutually acceptable times for performing
system maintenance tasks.

e Working together to identify and address possible issues, such as
protecting IT equipment from the effects of nearby construction or
remodeling work or preparing for emergencies.

The relationship can be more challenging if some or all of the FM or IT or
both functions are outsourced—and then possibly subcontracted to a
number of service providers. The managers of both functions must
understand the risks of poor coordination and work to clarify expectations
and improve communication channels.
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Progress Check Questions
Directions: Read each question and respond in the space provided. Answers and page references follow

the questions.

1.

2.

The organizational strategic plan is to an organization as the

is to facility management.

List at least three benefits that advanced building technologies can deliver to the facility
management organization.

Match the organizational trends on the left with the correct implication for facility managers on the right.

3.

4.

5.

6.

7.

8.

9.
(
(
(
(

© 2013 IFMA
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Growing importance of a. Access to career building tools
knowledge workers b. Energy conservation practices
Globalization c. Use of social media

Sustainability d. Distance communication systems

Economic competition

e. Minimizing process disruption

Diverse workforces

A facility manager plans to implement an automated hot desk reservation system to respond to the

conversion of a large segment of the organization’s workforce into remote workers or
telecommuters. The group of employees is very diverse in terms of age. How will this affect the

facility manager’s response?

Which of the following would be a good example of virtualization?

)

)
)
)

a.

b.
C.
d

A building automation system

Purchasing an automated system as SaaS

Graphically depicting energy use in a building

Deploying a remote sensor network to monitor room occupancy

6-29 Edition 2013, Version 1.0

@ Printed on 100% post-consumer waste recycled paper.



Technology

10. Internet Protocol (IP) is best described as a
( ) a programming language.
() b. proprietary tool for integrating network devices.
() c. distributed and intelligent processing.
() d. anopenstandard used in online communications.

11. What has been one of the greatest challenges to the adoption of integrated, automated facility
technology?
() a. Proprietary technology
() b. Intellectual property law
() c. Anincreasingly multicultural user base
() d. Userresistance

Match the stakeholder on the left with the correct primary interest on the right.

12. Senior management a. Healthy, comfortable, clean workplace
13. Line management b. Training to use new tools
14, Occupants c. Access to facility information
. d. Lower energy bills
15. Suppliers
Employee productivity

16. FM technicians

- f.  FM support, workload and governance
17. IT
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Progress check answers

1. The organizational strategic plan is to an organization as the strategic facility plan is to facility
management. (p. 6-6)

2. Benefits of advanced building technology for organizations could include cost savings, alignment
with organizational values, improved governance, increased facility customer satisfaction,
documented compliance, and organizational knowledge management. (p. 6-7)

3. a(p.6-13)

4. d(p.6-12)

5. b(p.6-13)

6. e(p.6-12)

7. c(p.6-14)

8. The employees will probably have different attitudes toward and familiarity with automated
technology. The facility manager should plan to involve employees in the development of the system
and incorporate training and support for those less interested in and adept with technology. (p. 6-14)

9. b. Virtualization is creating the appearance of reality. SaaS creates the appearance that an
organization owns and possesses on-site a software application, while in reality the application is
hosted off-site by a third party. (p. 6-17)

10. d. Internet Protocol (IP) is an open protocol, or communication language, by which different systems
can interact in an online methodology. (p. 6-16)

11. a. Proprietary technology has created systems that cannot be easily integrated, resulting in facilities
having to operate multiple systems independently. (p. 6-15)

12. d (p. 6-23)

13. e (p. 6-23)

14. a (p. 6-23)

15. ¢ (p. 6-24)

16. b (p. 6-23)

17. f (p. 6-25)
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e ————————

After completing this chapter, students will be able to:

List benefits of automated technology for facility management
Provides examples of how automation can be implemented poorly in a facility.
Describe how a building automation system (BAS) functions.
List the benefits of a BAS to an organization and its requirements of facility
management.
Describe the functions and analytics performed by an energy management system and
energy analytic software.
List the types of capabilities performed by an integrated workplace management system,
including such components as:

Computerized automated facility management (CAFM)

Computerized maintenance management systems (CMMS)

Environment, health and safety systems.
Summarize factors to consider when purchasing automated, integrated facility
technology.

e ——————— e —

‘*’ Topic 1. Building Technology

© 2013 IFMA

Building technology has evolved in functionality as manufacturers have taken
advantage of advances in computing and communication technology—for
example, adopting the graphic user interface as a replacement for command
line interfaces which required a great deal of learning and memory. Although
the early controls may be dwarfed by the functionality of today’s systems,
even the first, limited products opened facility managers’ eyes to what new
technology could conceivably accomplish.

As Exhibit 6-11 on the next page shows, the evolution of building technology
could be summarized in the following stages:

e 1970s: The earliest systems were pneumatic controls. They were
automated to the extent that a control system (e.g., a commercial
thermostat) was hardwired to a relay to start or stop systems based on
pressure readings. There was no information coming back to the control
system from the building system.
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Exhibit 6-11: Building Technology Evolution
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As digital devices became more commercially available, building
automation systems (BAS) were introduced. Today’s BAS (or building
management system [BMS]) is an integrated, automated system that
controls several aspects of building operations, such as HVAC, lighting,
elevators, fire suppression and security. Early BAS, however, used mini-
computers to create a central supervisory system. Each system controlled a
specific function which could be controlled from a dedicated terminal.
Communication with system devices used a proprietary language.

1980s: Direct digital control provided a closed loop—a cycle of input,
processing and output—which enabled two-way communication and more
accurate control of system devices. Additional loops could be added to the
BAS HVAC loop to control non-HVAC systems, such as lighting.
Displays became more graphical. Satellite properties could be connected to
the main control point by using telephone land lines.

1990s: Greater memory and processing capability at each device increased
the amount of information available to facility managers. Facility
managers could also choose systems from different vendors.
Manufacturers created gateways (“middleware”) that would allow a
controller from one manufacturer to communicate with devices from
another manufacturer. Gradually proprietary communication protocols
began to give way to standard open protocols (i.e., LonTalk, BACnet,
Internet Protocol, XML). The BAS interface also evolved, using the look
of a Web browser, such as Microsoft Internet Explorer®.
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2000s: BAS adopted a client-server architecture, with devices exchanging
data via IP with enterprise servers usually managed by the organization’s
IT function. Organizations could integrate facility operation data with
enterprise data. Wireless technology could be used to network facility
devices and controllers, as well as to access the BAS. Increases in
processing powers again elevated the level of information and automated
control available to facility managers. Controlling became continuous—
rather than being performed at intervals—and adaptive, with decisions
often based on complex algorithms.

2010s: This decade is harvesting the results of advances in processing,
connectivity and mobility as well as the convergence of these trends. Many
of the items listed in Exhibit 6-11, such as cloud computing and Saa$,
were introduced in the previous chapter, and advanced building technology
such as building information modeling (BIM) and radio frequency
identification (RFID) will be discussed in the next chapter. Other
developments include new network configurations, such as small grids, a
form of distributed or parallel computing in which autonomous computers
are connected, often through the public network, to complete certain tasks.
Service-oriented architecture (SOA) is a set of principles and
methodologies for designing and developing software in the form of
interoperable services. These services are well-defined business
functionalities that are built as software components (discrete pieces of
code and/or data structures) that can be reused for different purposes. SOA
design principles are used during the phases of systems development and
integration. Web-based applications use a similar approach, referred to as
Simple Object Access Protocol (SOAP). This has enabled organizations or
service providers to redefine some tasks as online, self-service processes.
Wireless networks (referred to often by the term Wi-Fi™) can offer high-
speed connections over the Internet in many locations. Customers can use
smartphones or tablets to connect wirelessly and view and retrieve data
and run applications that were previously possible only on personal
computers.

Systems from all of these eras are probably still in use somewhere, and as
mentioned earlier, managing these legacy systems is a challenge. And building
technology will continue to evolve. Instead of graphic user interfaces, future
technologies could employ spoken language as an interface. Embedded
intelligence and memory will continue to increase, allowing devices to
consider complex conditions before acting. Some applications may be
delivered via the cloud.
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Chapter 2: Control and Integration Systems

Central to the technology described in this chapter is the concept of automation. The

facility technology tools discussed in this chapter have three primary features. They:

e Capture and store more information than was previously possible.

e Process or analyze this information to automate certain decisions.

e Integrate different processes—from mechanical processes such as ventilation to
organizational processes such as moves—for greater efficiency.

Technology has allowed the facility manager to transfer a large number of decisions
to intelligent systems and focus on making and improving the quality of larger,
strategic decisions. The best way to illustrate this shift is to imagine a time in which
a building was heated by a maintenance staff (or person) who would manually
operate boilers, opening and closing lines with wrenches, watching gauges to make
decisions and detect problems with the equipment. Now an automated HVAC
system is programmed to coordinate the use of ventilation and heating (and cooling)
systems to reach and maintain preset indoor temperatures (probably in zones)
during defined time periods. Once the system is successfully defined, a facility
manager may not intervene in its operation again unless the system issues an alarm
or until changes in the organization’s needs require changes to the system.

Intelligent, automated facility systems benefit the facility management

function and its organization in a number of ways:

They increase the productivity of facility management staff. Fewer staff
can manage a more complex facility. (However, there is an important
caveat to this that is discussed below.)

¢ Since automated processes occur more frequently and with greater
precision than manual processes, organizations can—potentially—
decrease operating costs.

e Accountability and transparency, which are important issues in
organizations today, increase in automated, intelligent systems. More
verifiable data is available more quickly and more easily.

e These systems are capable of integrating processes and data from various
sources. They have the potential therefore to create additional efficiencies
and remove obstacles and conflicts.

o Intelligent systems—properly specified, installed and operated—make FM
organizations more intelligent. They can collect and preserve information
about systems/component and FM experiences so that the function as a
whole can learn from the past, can share data in real time and remotely
with team members and vendors, and ensure that past knowledge will be
available to future managers and technicians. This shared information can
be used to recognize trends and analyze options and make better decisions.
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Some warnings Facility management technology clearly has enormous potential benefits, but
about automated optimizing those benefits takes true systems thinking, understanding how all the
technology

© 2013 IFMA
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components of a process affect each other. Facility managers must remember:

Automated processes depend on a large amount of accurate data. Effective
processes cannot be built on insufficient, incorrect or obsolete data. Collecting
and inputting the data into a new system will require significant facility
resources, and demands planning.

Processes that are flawed to begin with will only be performed more quickly
and easily with automated tools—same poor outcomes, but with the higher
cost of the technology investment. Technology adds efficiency; it does not, by
itself, create effectiveness. All processes should be reviewed to verify
outcomes and ensure effectiveness and alignment with the organization’s
resources and policies. Some may have to be reengineered.

The needs of the technology and the organization must be considered.
Complex processes require fast and accurate communication. Communication
systems must provide new technology with sufficient bandwidth to ensure
adequate speeds. As mentioned in the previous chapter, the early involvement
of IT in assessing technology options is essential. Technology tools that
support integration of facility and enterprise data require IT’s breadth of
knowledge about applications the rest of the organization is using and their
specific requirements, as well as the ability to support the integration.

The issue of legacy systems must be faced. As buildings age and/or grow, they
tend to acquire multiple, and possibly proprietary, systems to control different
building functions, such as lighting, access control, lifts, closed circuit
television (CCTV). It may be difficult to integrate these multiple systems. This
is an issue that must be addressed during acquisition discussions, both to
manage better the present need for integration and to prevent future limitations
that the proposed technology may impose—in other words, to avoid getting
boxed into a solution that may prove costly and restrictive over time.

Facility managers should think about resources beyond those required for
acquisition. Ensuring the performance of the system once it is operating will
also take resources, as well as ongoing commitment. To ensure system
performance, system outputs must be verified after implementation and
repeated at defined intervals to ensure that processes are being performed as
planned with the anticipated results. The entire system must be documented,
including data standards, rationales for decisions, testing results, and changes
to the system over time.
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Did You Know?

Checking the performance of building systems after installation is referred to as
commissioning, a term that derived from ship building. Ships would be “commissioned”
before setting sail to ensure their readiness for service. Commissioning considers not
only installation issues but also training for those tasked with maintaining the desired
performance. A ten-year study by the Lawrence Berkeley National Laboratories of
building commissioning projects supported the economic value of commissioning new
technology. Improperly implemented, even sophisticated technology will not be able to
achieve the anticipated performance.

e One must also appreciate the fact that automated processes still involve human
beings, and the interaction of staff and automated systems must be carefully
considered and monitored.

Adopting technological tools will change the jobs of almost everyone in
facility management. New knowledge and skills will be needed. Job
descriptions and hiring profiles will need to be rewritten. Training will need
to be developed and delivered.

Staff must be prepared for false alarms. Systems will invariably generate
erroneous alarms, but if this happens frequently, false alarms can mask
genuine alarms. Conditions that generate false alarms should be addressed,
and staff should be cautioned about the dangers of assuming that every
alarm is a false alarm.

The previous points underscore another warning. Because implementing facility
technology involves a significant investment of resources and because technology
may affect processes throughout the organization, technology projects will require a
commitment from the organization’s management. Their commitment will not
guarantee the project’s success, but not having it will guarantee the project’s failure.

* Topic 2: Building Automation Systems (BAS)

BAS history

© 2013 IFMA
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A building automation system is an integrated, automated system that controls
several aspects of building operations, such as HVAC, lighting, energy,
elevators, fire suppression and security.

BAS are known by a variety of names and acronyms, including building
management systems (BMS) and building automation and control systems
(BACS). The variety of names may be related to the fact that these facility
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Capabilities
and benefits
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management tools did not appear on the market fully formed, but have evolved
slowly, taking advantage of computing advances to promote levels of automation
and control.

Systems will vary in functionality, but in general a BAS can:

Provide real-time status information from every system component, including
temperature and carbon dioxide sensor readings, variable frequency drive
(VFD) fan speeds and damper positions.

Monitor energy consumption and apply controls to reduce waste or avoid
increased charges based on demand rate. These functions are performed by the
energy management module of the BAS, which is discussed more fully in the
next topic.

Issue alarms. An alarm indicates that a specific system component is not
performing within defined parameters; alarms can be sent by e-mail, phone or
other means to designated contacts. The system will also store alarm histories.
This function facilitates the identification and speedy resolution of performance
issues.

Sequence equipment for greater efficiency or to reduce the risk of over-tasking
a system through simultaneous demands.

Schedule operations, such as HVAC and lighting according to hours of
occupancy.

Implement complex processes such as demand-controlled ventilation, in which
the delivery of fresh air into a workspace is controlled dynamically according
carbon dioxide levels. This ensures a healthful indoor air quality, but also
reduces energy spent conditioning fresh air that is not required.

Manage wear and tear on system components through duty cycling.

Trend and analyze data to support commissioning a system, planning
maintenance and replacement schedules, and building a case study for system
improvements. In integrated systems, reports can include data pulled from
other, non-BAS systems, such as human resources. These reports are an
example of “business intelligence,” the ability of an organization to capture and
distribute the right information at the right level to the right people to support
their specific responsibilities. These reports can be customized to the needs of
different stakeholders. For example, senior management may receive
dashboard-style reports that provide a high-level assessment of the facility’s
performance. FM can receive more detailed reports—for example, performance
history for a particular component, including alarms generated by the system.

Exhibit 6-12 translates these capabilities into benefits to facility managers and their
organizations.
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Exhibit 6-12: BAS Benefits to FM

Capability: Real-time system status
information

e Faster detection of problems, which
means faster technician response time,
which means greater occupant
satisfaction

e Better and more timely information for
dashboard reports of facility performance,
which leads to increased stakeholder
satisfaction

e Increased security at facility or data
center, which lowers organizational
vulnerability and chances for business
disruptions and loss

Capability: Energy consumption

monitoring

e Better understanding of facility energy
consumption patterns

o |dentification of wasteful areas and
practices and more targeted energy
conservation measures

e Lowering peak usage and avoiding
additional demand-related energy charges

Capability: Performance alarms

e Reduced risk of possible future
interruptions of service and
management/occupant dissatisfaction

e Potential energy savings

e Longer equipment life

¢ Reduced maintenance costs

Capability: Sequencing

e Reduced energy consumption and
lowered costs of operation

Capability: Scheduling

e Optimized start and stop times for
equipment to reduce energy waste

e Inclusion of multiple factors, such as
seasonal daytime temperature trends and
occupancy levels

e Reduced energy cost due to on-peak and
off-peak scheduling

e Greater occupant comfort

Capability: Demand-controlled ventilation
(DCV)

¢ Increased fresh air intake to reduce levels
of CO, and to dilute airborne
contaminants, which improves indoor air
quality and lowers rates of illness and
increases productivity

e Decreased space conditioning costs since
only enough unconditioned air is taken
into the building as is actually needed to
produce acceptable CO, levels

Capability: Duty cycling
e Less disruption from unanticipated failures
¢ Extended equipment life

e Better cash flow through managed
replacement/repair

Capability: Performance data analysis

e Improved system performance by
identifying and correcting commissioning
issues

e Early warning of component degradation
from analysis of alarms; less disruption of
service/business

e Proof of energy performance to apply to
energy performance contracts with
vendors

e Greater transparency regarding
investments

e Building consumption data for energy and
water which can support compliance or
real estate goals

e Economic analysis to support better
decisions about energy conservation and
technology investments

e Increased credibility with management

¢ Improved operational practices, leading to
decreased operational costs, including
labor

e Equipment performance data to support
claims on warranties

© 2013 IFMA
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BAS
architecture
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Because of their potential to help facilities use energy more efficiently and
because of the documentation and analysis of performance they can provide,
facilities who have implemented BAS receive credits in sustainable facility
certification systems, such as Leadership in Energy and Environmental Design
(LEED), Building Research Establishment Environmental Assessment Method
(BREEAM) and DNGB (German Association for Sustainable Construction).

A BAS is essentially an automated feedback loop, in which controllers
communicate with devices and sensors, which in turn communicate back to the
controllers.

As mentioned earlier, a building may have more than one BAS, each controlling
different building systems. Since FM and building owners are reluctant to change
or replace systems that are operating, buildings tend to acquire additional systems
over time, as space or building features are added.

Airports are an interesting example of this challenge. Buildings are added to
airport facilities continually to address the growth in air travel. Ticketing systems
add communications requirements. Compliance requirements add security
infrastructure. More travelers need to be moved quickly throughout the facility,
which means more walkways and lifts. And these travelers expect amenities, such
as wireless access and more plug-ins for mobile devices. Each addition may mean
a new system, and FM and IT must find ways to create some degree of data
integration.

Exhibit 6-13 on the next page illustrates a possible BAS architecture.
Individual systems could be—and probably are—different.

The BAS illustrated includes, starting from the top of the illustration:

A user interface—which can be a conventional workstation in the facility
or a remote device, such as a laptop computer, a tablet or a smartphone—
that allows facility managers and technicians to access and share system
information so that the facility manager can:
Act (e.g., set climate parameters, determine sequences and schedules).
Monitor, diagnose performance issues and respond quickly.
Analyze data to support future actions that are wise for the facility and
for the entire enterprise.

Server(s) on which applications are run and data is stored. Alternatively,
the user may access applications as SaaS over the cloud.
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Exhibit 6-13: Sample BAS Design
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e A supervisory network that manages communication (via a communication
protocol, such as IP) between the user, the server(s) and the controllers for
devices (e.g., HVAC). A software firewall protects the system from attacks
that may come in via the Web and mobile devices.

e Controllers that manage communication between the network and the
applications, devices or sensors.

e The applications, devices or sensors, which can store performance history
that can be retrieved for analysis. This layer reflects the building’s unique
needs. For example, in addition to the applications shown in the illustration
(e.g., HVAC and lighting controls, access controls, CCTV), it could include
rain sensors and irrigation control, messaging systems, extensive fire
detection and suppression systems or biometric security systems.
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Purchasing a
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A facility’s BAS may include multiple specific applications—from a single
vendor or multiple vendors. In other words, a BAS purchased from company X
may be combined (and underscore the words “may be”) with application
software from other manufacturers to control security systems, interior and
exterior lighting systems, irrigation systems, and so on.

An assumption of a new BAS is that it will use a tiered architecture that
allows more flexibility in delivery and in meeting changing demand (i.e.,
scalability), greater security and compliance with future standards. Beyond
that, the choice of product should be driven by the functionality the facility
manager needs and the limits of existing facility equipment. Considerations
should include:

¢ What energy-saving capabilities can be used and implemented, including:
Scheduling equipment operation by times and outdoor air
temperatures and humidity levels.
Lockouts to prevent simultaneous operation of heating and cooling
systems or inappropriate operation (e.g., operating the cooling system
past a cutoff date).
Advanced control algorithms.
Electrical demand limiting. (This concept is discussed further in the
next topic in this chapter.)
Advanced diagnostics.
Dependent energy-saving systems, such as presence detectors that
adjust light and climate when occupants are present (e.g., in
warehouse aisles or conference rooms) and provide access to certain
levels of service in meeting rooms and window shading that is
dependent on weather conditions and the position of the sun.

e Advanced user interfaces, such as remote HVAC control, user-
customized views that can be accessed through passwords, and
integration of data from other systems or platforms into the user’s screen
view.

e The organization’s preferred payback period. The amount of performance
that can be implemented may depend on whether the BAS must be
designed to control legacy systems. In these cases, opportunities may be
limited and payback periods will be longer. This is an important
consideration since many organizations require payback periods no
longer than 24 months for technology projects.
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Chapter 2: Control and Integration Systems

The compatibility of the BAS protocol with facility devices. Most
systems use open protocols now, and device manufacturers will design
for different protocols. The ability to integrate existing equipment into a
proposed BAS must be confirmed.

The complexities of compatibility can be challenging for facility managers. One facility
manager reported frustratingly different performance levels from two BAS controllers from
the same vendor. One controller with a proprietary language functions well with the back
end software and database. The other, with a BACnet protocol, poses problems in
graphics, programming and operation. Facility managers need to network with their peers
to learn about such issues and gain commitment from vendors to work through problems
to a satisfactory resolution—perhaps through a commissioning requirement.

Whether a Web browser is needed. A BAS with a Web browser can allow a
facility manager to access and manage multiple facilities from a remote site.
Staff can also access the system using a smartphone. A third party (e.g., a
security company) could access and operate a subsystem.

The degree to which the system supports the continuity of facility operations.
Facility managers should ensure that systems plan for failure. Are there
redundant or backup systems? Is a fail-safe mechanism included to mitigate
the negative impacts of system or component failure? Are critical systems
separated so that the failure of one system does not affect the other systems?
What is the average recovery time after a system failure?

Graphic display capabilities. Graphic data presentations can be customized to
meet the needs of different users and audiences. For example, graphic
depictions of the system can be created to support troubleshooting. Facility
technicians can use “dashboards” to monitor system performance and quickly
identify issues. Stakeholders interested in energy savings can compare a

building’s carbon footprint with comparable structures or history.

Various industry research companies publish full descriptions and ratings
summaries for BAS products from specific manufacturers. However, facility
managers are well advised to remember two points. Ratings may not be driven

by the same priorities and needs held by a facility manager’s own organization.
A product with an excellent rating—with a range of mature capabilities—may
not be the best answer for every facility. The second point to remember is that

© 2013 IFMA
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while a sales representative can provide necessary, product-specific
information, the best source of objective information about a BAS product is a
fellow facility manager. Facility management is a collaborative, supportive
discipline. One of the benefits of networking within the profession is access to
colleagues’ experiences with their own BAS.

‘*’ Topic 3: Energy Management Systems (EMS)

EMS overview

© 2013 IFMA
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Energy management systems (EMS), or energy management and control systems

(EMCS), is a specialized function of BAS. The term energy should be understood
in a broad sense. Although EMS started with a focus on electrical power, EMS
are now designed to track the use of multiple forms of energy (e.g., electric,
natural gas, fuel oil) as well as water. The systems monitor use, analyze and
provide alarms/reports, and, in some cases, manage demand.

Exhibit 6-14 illustrates the use of an EMS in a retail store that is part of a chain
managed from a separate headquarters.

Exhibit 6-14: EMS Use in a Retail Setting

AN

[T

—Z—

- @

Retail Store HQ EMS User
Smartphone/Tablet/Laptop
EMS
|
Load Monitoring Channel
Electric Meter 1 =\ (=) 2
Complessors] Air Handling Units Duct Heaters
Condensers
Electric Meter 2 @ @ @
Main Lighting Exterior Lighting Chilled Displays
Electric Meter 3 @ @ @ @
Deli Bakery Display Lighting Receiving Area
~) =) -
Gas Meter G ) &)
Heating Ovens Domestic Water
Water Meter e & )
Domestic Chillers Irrigation
6-44 Edition 2013, Version 1.0

@ Printed on 100% post-consumer waste recycled paper.



Energy
analytics

© 2013 IFMA
All rights reserved

Chapter 2: Control and Integration Systems

The EMS installed at the retail store level includes a load monitoring function
tied to various meters. This example shows three electric meters for different
types of loads, a gas meter and a water meter. Each of these meters has been
submetered to provide more detailed information about resource use. For
example, the main interior lighting is metered separately from exterior (e.g.,
parking) lighting. Water used for irrigation is metered separately from water
used for domestic or chilling purposes.

Information about use levels is conveyed to the EMS at the retail store’s
headquarters. This could be transmitted over the Internet, perhaps encrypted in
a virtual private network (VPN). Consumption can be viewed in real time and
data compiled. The system may set expected consumption levels, based on
daily trends, and generate alarms only when those levels are exceeded. As
indicated in the following section on demand management, the EMS may
automate actions to reduce or shift consumption.

The concept of monitoring and responding to feedback in an automated
manner is similar to the operation of a BAS. However, two capabilities of
advanced EMS merit attention here: energy analytics and demand/load
management. These topics are summarized here, but are discussed further in
the Environmental Stewardship and Sustainability competency.

Energy analysis software allows facility managers to track and analyze energy
use by the whole facility, specific areas or specific systems or equipment. By
installing submeters and smart meters (capable of storing and transmitting data
about how much and at what time of day energy is being used), facility managers
can get a better picture of how energy is consumed throughout the facility—the
largest consumers, the times of day and the days of the week or seasons of the
year at which consumption peaks.

This information can then be used in a variety of ways:

e Forecasting use. This analysis can be used to support various energy
strategies, from capital investments in higher efficiency systems or on-site
generation of sustainable energy to demand-management tactics (discussed
below). For example, a trend analysis showing ever-increasing energy use in
the facility’s data center could become a starting point for a discussion with
IT about sustainable data center alternatives.

¢ Identification of opportunities for energy improvement investments. For
example, a facility breakdown of energy use by system might identify
opportunities to improve energy efficiency in food service areas.
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Testing of strategic energy tactics. Software can support the creation and
comparison of scenarios to test the cost-effectiveness of capital investments
under different conditions, such as energy rate changes or level of efficiency
achieved.

Advanced diagnostics. Performance baselines can be created for most
system components, and actual performance can be monitored and trended
against that baseline. Problems that are causing inefficient use of energy or
may indicate component failure can be identified quickly. Automated
diagnostics can capture many times more data points than manual methods,
which increases the odds of finding brief and rare events that could cause
serious disruption.

Verifying service agreements with energy service contractors. Energy
performance contractors (EPCs) or energy service companies (ESCOs) work
with facilities to deliver a certain level of energy performance for a fee or
percentage of savings. This is essentially a risk-sharing arrangement: the
client receives expertise and sometimes energy-saving equipment, and the
contractor is rewarded if the client sees the promised increase in efficiency.
EMS data can verify the results of the agreement. Energy performance
contracting is also discussed in the Environmental Stewardship and
Sustainability competency.

Commissioning new equipment and systems. There is the efficiency
promised by the sales representative—and the efficiency actually received.
Investigating the performance gap identified during a commissioning
analysis could lead to the discovery of technical and nontechnical causes.
Sometimes the discrepancy may be due to incorrect or incomplete
implementation or to poor integration. A facility manager may also discover
that new equipment or systems are not being used correctly by staff because
of insufficient skills, inadequate training or ineffective supervision.

Compliance. An increasing number of municipalities and countries are
requiring that buildings display their energy efficiency. An EMS can provide
data needed to comply with energy reporting requirements. In response to
the European Directive on the Energy Performance of Buildings (2002),
European countries are implementing laws that require energy performance
certificates or “passports” when buildings are constructed, sold or rented.
This ensures full disclosure of energy performance data to prospective
purchasers and tenants. In New York City, Local Law 84 requires owners of
buildings of a certain size to report their buildings’ energy use.
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Demand Electrical costs for a facility relate to amount of consumption and demand—

management the rate at which electricity is used. When electrical demand surpasses a preset
kilowatt or hour level, the facility incurs an additional charge per kwh or for
the peak demand (kW). The level and the charge may vary according to time
of day, with peak, partial peak and off-peak periods. One industry expert has
predicted that by 2020 peak cost per kWh will be a multiple of the base load
rate. To manage energy costs, therefore, a facility needs to be able to manage
the timing and level of demand.

EMS controls attack this challenge by aligning facility electricity use with the
energy provider’s rate structures through load limiting or shifting and demand-
response agreements with energy providers.

Demand limiting or  Based on system analysis of energy consumption patterns, the facility

load shedding/ manager can identify typical loads throughout the day, as well as short-lived

shifting spikes of use that can trigger additional charges. The EMS is programmed
with “not to exceed” limits for each rate period, and, based on consumption
patterns and the organization’s agreed list of priorities, certain areas and/or
processes will be suspended or rescheduled. The areas with the most critical
need for temperature control may be adjusted last or not at all, if possible.
For example, an industry may decide to make its dry ice at night if
necessary, but will raise temperatures on the factory floor only as a last
resort.

When the base meter indicates that the limit has been reached, the EMS
begins to issue commands automatically to equipment in each area in the
preset sequence. These commands are aimed at decreasing energy
consumption. For example, thermostat settings may be automatically shifted
upward during cooling seasons—by one degree at first and then by two
degrees in a second round, if necessary. Chillers may be shut down or cycles
shortened (as equipment allows).

Some EMS may be programmed to shift certain tasks from peak hours to
off-peak hours automatically under certain conditions or at certain times of
the year.

Some systems can use real-time energy pricing information to respond
dynamically to changes in rates throughout the day, cutting and shifting
loads in response to rate changes.
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In some areas demand shifting is supported by utility companies who will
pay facilities for the generation capacity that has been released back to the
utility as a result of the facility’s sound energy management. In this manner,
the activity not only saves the organization money, but actually creates a
facility-generated revenue opportunity.

Demand response  In some energy markets, EMS can automate facility participation in demand-
response agreements. Under these agreements, the facility is rewarded for
agreeing to lower its energy use upon request by the energy provider. For
example, the facility might receive a preferential rate or might be paid to shed
a committed amount of load. The EMS can automate the process so that it is
transparent to the facility manager, although the facility can also opt for a non-
automated process.

Implementing As stated previously, some BAS include various EMS capabilities, and

EMS facility managers should consider those features in choosing a BAS. To
achieve the benefits of EMS, the organization must commit to investing in
additional metering. The willingness to invest in EMS capabilities may
depend on the price of energy, the significance of energy costs as a budget
item, and the extent to which facility managers can make use of the
analytic, display and control tools.

If a facility is using an energy contracting arrangement, an EMS may be
part of the changes implemented under the contract. If a facility is not
contracting with an ESCO, facility managers can refer to the Environmental
Stewardship and Sustainability competency for more ideas on improving
energy efficiency.

‘*’ Topic 4. Integrated Workplace Management Systems

Definition of An integrated workplace management system (IWMS) is an enterprise-level

IWMS software platform that facilitates integration of data to create certain
functionalities—usually in the areas of project management, real estate
administration and portfolio management, space and occupancy management,
asset and maintenance management, and sustainability.

As shown in Exhibit 6-15, each function can include multiple tasks that must
be managed. Customers can choose systems with the functionality and
flexibility that they require.
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Exhibit 6-15: IWMS Solutions
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These functionalities are described further below, but understanding the
benefits of IWMS first requires understanding how facility management
software has evolved and how IWMS “works.”

Technologies such as IWMS, computer-assisted facility management (CAFM)
and computerized maintenance management systems (CMMS) focus on
facility responsibilities other than operating and maintaining core building
systems. The different acronyms reflect the evolution of integrated facility
technology.

As Exhibit 6-16 on the next page describes the evolution of IWMS, the trend
has been toward the breaking down of functional silos within an organization
and the creation of business intelligence.

At first, facility management departments used discreet (not integrated)
software applications to manage specific tasks, such as managing a
construction project or real estate leases. The first CMMS reflect this
approach.
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Exhibit 6-16: IWMS Stages of Evolution
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As organizations began to focus on achieving greater productivity and
increasing the enterprise’s value, space management processes became more
integral to the organization’s success. After all, facility space and operation
comprise the second largest line item in most organizations’ budgets, after
human resources. CAFM introduced applications aimed at improving the
knowledge of how space was being used and the ability to use space more
efficiently.

The IWMS stage of this evolution aims at integrating building data
throughout the organization—not just the facility—to support the
organization’s business strategy. IWMS can be used to analyze the total
value of a certain property and manage it for its greatest potential over its
life cycle. This data is available in real time to senior management to support
decisions and provide accountability to stakeholders.

As business trends emphasized accountability and metrics, IWMS has
become a key way for the organization, rather than just a single department,
to measure its performance. For example, being able to calculate true total
cost of occupancy could allow an organization to improve its leasing
decisions, invest in infrastructure that lowered costs (e.g., raised floors to
accommodate wiring and cabling, flexible signage), and manage costly
activities, such as churn. This would require, however, capturing all
relevant costs over an extended time period.
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IWMS concept IWMS allows facility managers to consider costs and other outcomes over the
entire life cycle of a project, space, building, or system—from planning and
construction through operation to decommissioning—and to manage from a
more holistic perspective. The value of the facility is not merely the assessed
resale amounts of its physical assets; it also includes how well the facility uses
those physical assets to accomplish the organization’s strategic goals. Is the
facility used in the most productive manner? Does the organization have the
right kind of space at the right time in the right locations? To accomplish this
assignment, IWMS integrate data from all corners of the organization,
crossing—and breaking down—the functional silos.

As Exhibit 6-17 on the next page illustrates, key to the concept of IWMS is the
sharing of information from separate databases so that it can be used across the
organization. Information may be graphic (such as CADs, flowcharts, scanned
images) and alphanumeric (such as spreadsheets, histories, documents) data.
Information may reside in:

o Facility databases, including information such as facility assets, computer-
aided design (CAD) images, performance data, event histories, warranty
information.

o ERP databases. This data could describe strategic objectives, provide
budgets and forecasts, track project cost and schedule data, define current
employment numbers and per employee costs, document vendor
information, or detail business continuity plans.

e  Other special-purpose applications.

o External databases, used, for example, to convert currency or document
local legal and regulatory compliance.

An effective IWMS may be either client-hosted (installed in FM computers)
or SaaS. It allows access through a user-friendly Web portal, which allows
remote users to access the system through mobile devices such as
smartphones or notebooks. Many products include tools, such as CAD
software, GIS and graphics applications that can be used to create
dashboards that display system data in a meaningful way for designated
audiences. Probably the most important feature of IWMS products is the use
of data standards that allow integration of the IWMS with other organization
systems, such as the ERP.

Exhibit 6-17 shows the variety of outputs that an IWMS could include.
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Today IWMS is a strategic management tool that provides FM with:

e Transparency. Data can be analyzed to show how well FM is performing
on the entire range of strategic goals—financial, operational and
sustainable goals.

e Control. FM can account for its assets, their use and their return on
investment. The organization can analyze its vulnerability to various risks
more accurately and manage complex outsourced relationships.

e Agility. Data can support faster and better decisions. Business continuity
plans can be implemented and updated quickly.

e Flexibility. IWMS applications can be tailored to organizations of
different sizes and business types, including global organizations using
different language and dealing with multiple currencies and exchange rates
and with unique local legal requirements. Systems can also accommodate
an increasingly mobile workforce.

e Compliance. Applications track required data and generate necessary
reports in a timely manner. Many real estate IWMS, for example, ensure
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compliance with the requirements of the Financial Accounting Standards
Board (FASB) and International Accounting Standards Board (IASB).

¢ Quality improvement tools. The trend in IWMS is to build applications
around process blueprints that can be considered best practices—a practice
that can improve and standardize organization performance.

IWMS applications can manage organization-level capital improvement
budgets, supporting management decisions on how to allocate resources
and providing transparency about the degree to which a project has
achieved its various goals. They can also help users plan a project, allowing
them to use project histories to estimate costs and schedules and to test
different scenarios. During the implementation phase, the system tracks
schedules, achievement of milestones, labor and cost budget, and vendor
issues. Team managers have access to common documents, and the
application controls document versioning. At project close, the system can
support an analysis of the project execution against its original objectives
and parameters. Stored information provides an opportunity for institutional
learning to be applied to future projects. Vendors can be given access to the
system to perform various activities, such as entering progress or supply
orders.

A real estate portfolio management application performs on strategic and
tactical levels. It can support development of strategic goals in real estate
management, define appropriate metrics and visually present performance
against these key performance indicators (KPIs) in a dashboard. This
information can then be used to implement decisions based on the
organization’s strategies (e.g., dispose of inefficient properties). Some
systems can evaluate real estate portfolios, identifying underperforming
properties and suggesting alternative strategies. Systems can support
improvement by implementing efficient workflows and benchmarking
improvement efforts.

On a tactical level, the IWMS:

e Manages property-related documents. Missing documentation at the
time of property sales can directly impact a property’s sale price.

e Organizes and tracks lease and agreement details.

e Communicates agreement details to FM and other parties.

e Supports reporting for tax and other compliance purposes.
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At any point in time, a facility manager can access the most current
information about a particular property, as well as its history.

Did You Know?

One IFMA member uses an IWMS to manage 800,000 sq. ft. (about 74,000 square

meters) in nine different locations. The organization struggled with the accuracy of its

space utilization reports, their timeliness and the amount of time it took to create the

reports. In the five years after implementing an IWMS, the organization saw the

following results:

e A 2.5 percent reduction in vacancy rate

e A 1.25 percent increase in space utilization rates

e Better lease administration—no critical dates missed in five years, 1 percent
savings by better matching of payments to obligations

The estimated cost savings over those five years? US$5 million.

IWMS: Space
and facility
management
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Exhibit 6-18 on the next page represents a composite of data from a study of fifty
facilities. Operational costs represented the smallest share of new building costs
for these facilities, but, in the course of the facilities’ life cycles, those costs
represented an increasingly large share of a building’s capital outlay. Within
twenty years the cost of space had outpaced the cost of maintaining infrastructure.
These facilities were not a balanced cross-section of facility types, but the
essential message of the data applies to all facilities. Under-utilization of space
should be a major concern for FM, because it is common and becomes
increasingly expensive for organizations over time.

IWMS space utilization applications help FM manage space and its associated

costs better by using facility and ERP data to:

¢ Analyze use of space and assets throughout the organization.

o Align patterns of use with the organization’s strategic goals.

¢ Plan for future needs by applying business forecasts to project space needs
and best use.

The IWMS identifies opportunities to increase usable space, to allocate space in a
more productive manner and to use space more efficiently. Data about space use
can be analyzed to assess how assets such as meeting rooms and unassigned desks
are being used and to determine appropriate space costs for chargeback or internal
leasing purposes. Organizations may discover that space use becomes more
efficient when business units must include space in their budgets.
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Exhibit 6-18: Life-Cycle Facility Capital Costs
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Source: Joachim W. Hohmann, Geoff Williams and Michael May. Facility Automation:
Between Myth and Mythology. IFMA World Workplace, 2008.

The systems can also support planning (e.g., through CAD applications that can
illustrate proposed floor plans) and efficient reconfiguring of spaces—applying
organizational standards for space use.

The self-service capability included in many IWMS products allows occupants to
perform many tasks themselves—requesting services (e.g., moves, new occupants
or occupant departures) and reserving space for hoteling, parking or meeting.

For moves, the application:

e Applies space standards.

e Manages inventory of furniture and equipment.

e Issues bar codes or labels for more efficient moves.

o Coordinates with moving services and other service providers needed to
prepare the new area (e.g., signage, IT).

o Coordinates with security for necessary keys or access control measures.

o If appropriate, charges back to departments or tenants for services and spaces.

Occupants or departments can reserve resources, such as meeting rooms,
temporary workstations or parking space. The system can apply an agreed process
(e.g., first come/first served) and can charge for the space use. This can increase

6-55 Edition 2013, Version 1.0

@ Printed on 100% post-consumer waste recycled paper.



Technology

the efficiency of space management by encouraging occupants not to reserve
space that they will not be using, since the system will charge for all reservations
that have not been cancelled and released for use by other occupants.

From a safety and security perspective, IWMS applications can control access and
share data with facility security so that visitors can receive appropriate clearances.
IWMS applications can inform occupants of the location of the closest exits,

emergency/first aid equipment and assigned assembly areas in the event of facility

evacuation.
Asset and The first CMMS systems are several decades old. They were designed to run on
maintenance mainframe computers to manage the maintenance of significant mechanical

management assets—typically in a plant setting. These CMMS essentially automated what
had been a manual work order process for scheduling planned and unplanned
maintenance activities. (For more information about managing maintenance
activities, see the Operations and Maintenance competency.) They also included
a register of all assets enrolled in the maintenance program. They were stand-
alone programs that served single functions, departments or facilities.

In the 1990s enterprise asset management (EAM) systems were developed to
serve organizations that had different types of facilities, equipment and
processes. They provided a consolidated inventory of equipment and parts,
integration with accounting and supply chains and standardized processes. These
systems could run on a common platform and consolidate data across functions
and locations.

Better network equipment and communication over the Internet have made the
differences between CMMS and EAM harder to discern. Some IWMS
manufacturers now include integrated CMMS products; others offer similar
functionality in EAM. What they have in common is a goal to manage an asset’s
value over its entire life cycle—a task that requires integration of data from
various sources and the ability to analyze that data and generate different types
of reports. Combined with mobile technologies such as radio frequency
identification (RFID), which is discussed in the next chapter, IWMS asset
management applications can provide greater control over the organization’s
more portable assets. These assets can be checked in and out and located
quickly.

Like other IWMS products, asset and maintenance applications have strategic
and tactical uses.
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From a strategic perspective, they can help FM:

e Document and track the value of the organization’s assets and take steps to
maintain or increase that value. Assets can be tied to the most current
condition descriptions.

e Provide greater security for valuable assets, including both physical assets
and documents or files representing intellectual property.

e Track volume of work and create more accurate work supply forecasts.

¢ Allocate and track costs to specific assets to identify issues (e.g., through
failure reports) and support decisions.

e Create metrics aligned with the facility’s strategic plan and evaluate actual
staff performance against these metrics.

¢ Improve maintenance processes by defining necessary schedules, expertise,
tools and supplies.

o Prioritize use of resources by assessing facility assets that need repair or
replacement or are underperforming and by estimating response costs.

e Ensure compliance by generating audit trails for the handling of regulated
materials, such as hazardous waste or controlled substances. The application
can also support compliance with data privacy laws by creating audit trails
for documents such as personnel files. It can also document completion of
required inspections and maintenance.

On a tactical level, the system can help manage and track specific projects and
automate planned and unplanned maintenance tasks. Automation of these tasks
reduces time and expense associated with maintenance management, improves
response times and extends the lifespan of facility equipment. Some systems
include self-service capabilities that allow occupants to report facility issues,
often through an online portal. The system will associate the request with details
about the space in question, so that facility management can verify that the
request is covered under any applicable service agreements. And all data is
stored and available for further analysis, ensuring that facility management
activity is fully documented and its performance completely transparent.
Because the systems allow mobile interfaces, technicians can interact with the
system at the job site. They can, for example, check on the availability of parts
and place orders with suppliers as needed. They can also engage directly with
manufacturers’ technical support, sending data or images from the site.

Because the systems integrate accounting, warranty, service agreements and
lease data, responsibility for repairs can be quickly assigned so that work can be
scheduled and billed appropriately and warranty claims filed.
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An environmental management application in an IWMS helps:

e Create and track performance toward objectives for sustainable facility
management.

e Support management of sustainable projects, such as system
commissioning, ergonomics improvements, asbestos remediation,
tracking and abating hazardous materials in the facility or lighting
system upgrades.

e Capture and report data to measure sustainable performance in energy
and water use (e.g., carbon and water footprints), indoor environmental
quality and materials purchasing, recycling and disposal.

Sustainable objectives are often included in organizations’ strategic plans.
They may be related to supporting a carbon cap-and-trade system or to
documenting compliance with voluntary and mandatory emission levels
and/or resource management mandates. Facilities may also need to
document energy performance to qualify for energy provider rebates or
discounts or to support applications for sustainable certifications (e.qg.,
Leadership in Energy and Environmental Design [LEED], Building
Research Establishment Environmental Assessment Method [BREEAM],
German Society for Sustainable Construction [DGNB] or Green Star
Australia). IWMS applications can generate the necessary reports with the
required data.

As with implementing a BAS, the decision to implement IWMS represents a
considerable investment of organizational resources and facility management
manpower. Because of this, experts advise that facilities new to IWMS take
advantage of the way IWMS vendors bundle automated applications and test
the technology to solve one or two of the organization’s most serious “pain
points.” If successfully implemented and integrated into the organization’s
culture, IWMS use can be expanded.

Facility managers should also consider purchasing IWMS as software as a

service (SaaS). Although this requires budgeting for ongoing subscription

costs, this approach has two possible advantages:

e It may accelerate implementation and allow the project to begin showing
return on investment sooner.

e SaaS may ultimately be the less expensive alternative. One IWMS ratings
service estimates that upfront license and maintenance costs may be only
25 to 50 percent of the actual cost of an IWMS, once it has been
implemented and integrated with enterprise management systems.
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In choosing an IWMS, the facility manager must first ensure that the
system will comply with the organization’s IT standards. Again,
partnering with IT is essential, and IT should participate in IWMS
selection.

As with choosing a BAS, facility managers should begin the process of

choosing an IWMS by focusing on what the organization needs and how

those needs are prioritized by management. Beyond these needs, facility
managers should consider the features that the systems under
consideration include and how well these features are implemented by the
manufacturer. Important features to consider include:

o User-friendly and intuitive interfaces that are easy to learn and use.

o Level of integration between databases (which may have different
environments).

e Speed of transactions.

e Multiple clients capability.

e CAD integration.

e Browser-based tools.

e Ability to assign different internal security access levels.

e Workflow modeling capability.

¢ Document management to allow multiple users to comment on and
amend project documents.

e GIS functionality. This is useful for organizations with multiple
buildings, structures and/or locations.

e Enterprise portal compatibility.

e Role-based Web portals. This allows users to access the system
through a Web portal that is tailored to the way they use system data
and applications and the appropriate security levels.

e Analytics for different purposes, such as trending analysis for
predictive management and ability to test scenarios.

e Reporting tools, including dashboards.

e Wireless access.

e 247 customer support.

The following case study summarizes a business case prepared to support
a funding request for an IWMS-related project. The organization is a
global agricultural corporation, with numerous types of facilities.
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IWMS Case Study

FM in one region of a global organization requested funding for planning an IWMS to
replace an existing 10-year-old CAFM system. The project scope included
researching organizational needs to establish detailed user requirement
specifications and describing the optimal procurement process.

The sponsors noted the following in support of the project:

¢ A major planned refurbishment project could be completed only with an IWMS.

e Delay in IWMS implementation would increase risk and financial loss in the
event of a CAFM crash.

e Major benefits of acquiring an IWMS included cost reduction in system operation
and facility management and better integration into the existing information
system.

e Additional benefits would result from:

Advanced facility services outsourcing tools.

The ability to transform a system used by only a few personnel into a
standardized tool that could be accessed by a broader user base.

Support of increased compliance requirements and regulation by providing
more accurate and timely building operation documentation.

The proposal included a 14-month schedule for design review, design of system
requirements, building and testing, and implementation. Budgeting occurred in two
phases: US$80,000 for design and US$400,000 for delivery of the IWMS.

Special point: The sponsors noted that the organization would own all data.
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Progress Check Questions
Directions: Read each question and respond in the space provided. Answers and page references follow

the questions.

The benefits of automated facility technology include which of the following? (Choose all that

Decreased operating costs

Lower job requirements for technicians

More efficient facility management processes
Decreased need for IT in facility management processes

oo o

Which of the following best describes a BAS? (Choose one.)

apply.)
¢ )
¢ )
¢ )
¢ )
¢ )
¢ )
¢ )
¢ )

a. One-way control mechanism for multiple core building systems

b. Energy-efficient tool to operate HVAC systems

c. System supporting full communication between controllers and devices, automated
decisions and analysis

d. System that integrates various facility management functions, including building
control and facility space utilization

Link the following terms on the left with the appropriate description on the right.

© 2013 IFMA
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3
4.
)
6

Middleware a. Open communication protocol

BACnet _ o _
b. Enables greater integration with enterprise data

Client-server architecture

Closed loop c. Cycle of input, processing, output

d. Software designed to integrate devices from
different manufacturers

List at least four capabilities of a BAS.
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8. Which component in a BAS architecture manages communication between the user and devices?
(Choose one.)
() a Graphic user interface
() b. Controller
( ) c. Sensor
() d. Supervisory network
9. A facility manager would like to be able to access BAS in each building of a widely dispersed
campus, no matter where the facility manager might be. What feature in a BAS would enable this
action? (Choose one.)
() a Graphic display capabilities
( ) b. Webbrowser
( ) c¢ UseoflP
() d. Communication with remote sensors

10. List at least three uses for the information and analysis provided by an EMS.

11. What is the purpose of demand-management tactics in an EMS? (Choose one.)

() a Reduce overall energy consumption throughout the facility.

() b. Shutdown energy-intensive processes on an automated signal.

() c. Lower the rate at which a facility is consuming electricity at peak times.

() d. Identify areas that are consuming the largest amounts of electricity and project optimal

levels.

12. Which if the following best describes the relationship between a BAS and an IWMS? (Choose one.)
() a ABAS may contribute data to be used by IWMS applications.
() b. ABASrequires an IWMS to integrate core building components.
() c¢. Thetwo perform similar functions but at different levels of enterprise integration.
() d. AnIWMS application cannot be implemented unless a facility has a BAS.

Link the IWMS application on the left with the deliverable described on the right.

13. CMMS a. Energy impact of new cooling system
14. Space utilization b. Weekly technician task schedule
15. Portfolio management ¢. Move management
. d. KPI comparison of properties
16. Environmental management
© 2013 IFMA 6-62 Edition 2013, Version 1.0
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17. A facility manager is reluctant to invest in an IWMS because it is possible that the organization will
be acquired by a larger corporation in the next five years and will expand significantly. At the same
time, the facility manager believes that having quality facility data from an IWMS could contribute
toward more favorable negotiations during an acquisition. What IWMS feature would serve this
organization’s purposes? (Choose one.)

() a Customizable online portals
() b. Analytics capabilities
() c. Limited interoperability
() d. Availability as SaaS
© 2013 IFMA 6-63 Edition 2013, Version 1.0
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Progress check answers

1. aand c. Automation can lower operating costs because it provides more precise control. Automation
can also make effective processes more efficient, improving communication and diffusing
information. It will increase the knowledge and skill requirements for technicians and probably
increase collaboration between facility management and IT. (p. 6-35)

2. c. A BAS provides two-way communication between controllers and devices, automated decisions

and analysis of stored data. (p. 6-38)

d (p. 6-33)

a (p. 6-33)

b (p. 6-34)

c (p. 6-33)

BAS capabilities may include:

e Real-time information about the performance of system components

e Alarms to indicate deviations beyond determined parameters

e Energy-saving actions, such as scheduling, sequencing or lockout

o Performance of complex integrated processes (e.g., demand-controlled ventilation)

o Duty cycling to prevent excessive wear on individual components

e Trending/analyzing data to support commissioning reports, repair/replace decisions, business
cases (p. 6-38)

8. d. The supervisory network enables communication between the user/servers and the controllers that
are, in turn, communicating with devices, applications and sensors. (p. 6-40)

9. b. ABAS with a Web browser would allow remote access over the Internet. (p. 6-43)

10. Information and analysis provided by an EMS can be used to forecast use, identify opportunities for
energy conservation, test energy strategies to determine cost-effectiveness, create baselines for
diagnosis of equipment problems, verify service level agreements with energy contractors,
commission new equipment or systems and comply with local laws and regulations. (p. 6-45)

11. c. The purpose of demand-management tactics is to lower the consumption rate of electricity during
peak pricing periods. The tactics themselves may include shutting down or rescheduling processes or
identifying problematic areas or systems. (p. 6-47)

12. a. An IWMS integrates data from facility systems and enterprise systems. (p. 6-51)

13. b (p. 6-56)

14. ¢ (p. 6-54)

15. d (p. 6-53)

16. a (p. 6-58)

17. d. Purchasing IWMS capabilities as SaaS gives the facility manager flexibility by not tying the
facility down to a system it may outgrow quickly. However, it also provides more integrated data that
can improve facility management and demonstrate value to potential new owners. (p. 6-58)

No gk w
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e ————————

After completing this chapter, students will be able to:
e Describe how the following technologies function:
Building information modeling (BIM)
3D imaging
Thermal scanning
Geospatial information systems (GIS)
Bar codes
Radio frequency identification (RFID)
e Show how each of these technologies can be used by facility managers to align facility
management processes with stakeholder interests.
o List factors facility managers should consider when evaluating acquisition of these
technologies.

e —————————

‘*’ Topic 1: Building Information Modeling

BIM overview Although building information modeling (BIM) is computer-based, it is
not a specific software application. It is an intangible approach to—as
well as a methodology and process for—managing all knowledge about
a building and its operations, across its entire life cycle. It uses graphic
tools such as three-dimensional (3D) CAD and analytic software to
create synergy among discrete pieces of information stored in
commercial databases. The National Institute of Building Sciences
defines BIM as:

a digital representation of physical and functional
characteristics of a facility. As such it serves as a
shared knowledge resource for information about a
facility forming a reliable basis for decisions during
its lifecycle from inception onward.

Technically, BIM is not a new emergent technology since the term’s
use dates to the 1980s when Robert Aish applied a multidisciplinary
approach to redesigning a Heathrow Airport terminal. Since then,
however, the methodology has followed the sometimes slow path of the
diffusion of technology: from innovators to early and late adopters. A
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BIM definition
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survey of contractors in the U.S. and Europe showed an adoption rate of
49 percent in the U.S. in 2009 (up from 28 percent only two years
earlier) and 36 percent in Western Europe in 2010. (There was no
previous adoption data for Western Europe.) Although the adoption rate
is lower in Western Europe, the contractors who do use BIM use it very
intensively, and they report expectations that future use will surge.

At first, BIM remained of primary interest to architects and builders,
rather than facility management. Because of growing interest in the
totality of facility life-cycle costs—rather than a tight focus on initial
construction costs—a competent facility manager should become
familiar with BIM.

This topic begins with an overview of BIM itself and then focuses on
the advantages BIM offers across the facility life cycle, including both
the planning and construction phases and facility operation and
maintenance. The advantages will show clearly why facility managers
should try to become involved in an organizational construction project
when the possibility is first discussed, before the project is on the
drawing board. Beyond the fact that BIM will enhance the design and
construction process, using BIM helps ensure the availability of the
building data facility managers need to make the best use of other
facility technologies. Facility managers can be champions of a
technology that can benefit the organization from design through the
decommissioning of a structure, supporting better decisions and
providing greater transparency.

In the term building information modeling, the word model must be

understood from two perspectives:

e As a 3D representation of a structure

e As arepresentation of a logical system with certain principles and
processes—how the components behave (A model makes it possible to
detect potential faults and predict performance.)

The distinctive capability of BIM is to use both the model of the building’s
structures and the building’s logical models to manage the details of the
facility’s systems—t0 see points of intersection and conflict.

BIM allows this because it is not merely a three-dimensional image. BIM

starts with 3D CAD, which is simply a geometric representation of a
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building, but then proceeds to layer over this 3D picture with additional
digital data that tells much more about the structure than dimensions and
spatial position. BIM tools use parametric objects (e.g., walls, doors, floor,
windows) that have defined attributes and rules. Object attributes could
include dimensions, geospatial location, physical properties (e.g., material,
color, texture, acoustic characteristics, energy performance), age and cost.
Obiject rules allow the objects to fit themselves into a model without
exceeding certain parameters. For example, a door will fit into a wall, and
the wall’s relationship to the floor and ceiling will be modified, but only
within allowed parameters. Object rules alert users whenever they are
violated by a specific design order—*“clashes” or “collisions” of building
elements. Clashes can be both physical, functional and compliance-related.
They can indicate, for example, that a design does not meet certain energy
performance rules, that weight changes will require additional support or
that a proposed change violates building codes.

Obiject information can be accessed by all those involved in constructing
and operating a building, including contractors. Information can be viewed
in various ways—not just as a 3D image but as alphanumeric tables that
contain data that enables analyses and simulations. Objects are non-
redundant: when an object is changed, that change applies to the object in
any view.

Finally, BIM is also a 4D image, adding the element of time. Construction
activities, contractors and subcontractors, and supplies can be indicated for
each phase of a project as it proceeds. The impact of current decisions on
future performance and requirements can be extrapolated. If BIM data is
maintained over time, post-construction changes can be captured as well.

Exhibit 6-19 on the next page shows data from a U.S. General Services
Administration (GSA) pilot project that used BIM. The data can be viewed
as a 3D object (a), a spreadsheet showing space by different categories for
each level of the building (b) or a 4D image, indicating where a project is at
a specific point in time (c).

From an FM perspective, BIM can be particularly useful because it has
the potential of providing the data FM needs to manage properties more
effectively and efficiently. The goal with the BIM process is that
building information can be turned over at commissioning and used to
populate building systems, such as IWMS.
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Exhibit 6-19: GSA BIM Project
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Source: GSA BIM Guide Series 01.

Exhibit 6-20 illustrates BIM’s relationship to existing enterprise and facility
systems. During a project, FM can make certain facility data available to
external contractors. When the project is complete, data compiled by internal
personnel and external contractors is added to FM data. The data is then
available to facility technologies, such as IWMS and BAS, to perform analyses
and processes essential to the organization—such as generating work orders,
drawings, space charges and equipment registers. Throughout the building’s
life cycle, FM maintains building information data, adding and
decommissioning equipment.
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Exhibit 6-20: BIM in Facility Life Cycles
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BIM
advantages
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In an article in Facility Management Technology, Louise Sabol listed the
benefits of BIM during the planning, design and build phases, including:

Earlier decisions, since planners and designers can test designs to see if
they generate the desired building performance and adjust designs
accordingly.

Improved accuracy of shared information among all team members, which
decreases the chances for misunderstandings, especially in teams speaking
different languages. All team members can access the same data.

Rapid quantification to support calculation of cost estimates and
development of project schedules.

Robust analytics to keep the project aligned with its energy performance
and space use goals, to schedule and sequence project steps and to prevent
costly mistakes through clash detection. Clash detection software identifies
potential conflicts among a building’s plumbing, ductwork or electrical
systems—preventing tear outs and redesigns before the problem occurs.
Improved project delivery with clear and accurate documentation of the
entire project, but in particular the building’s parameters as delivered. This
will facilitate building commissioning.
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BIM challenges
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In addition, using BIM to guide a construction project will reduce the schedule
and decrease risk (e.qg., failure to comply with local codes, litigation stemming
from poor communication and documentation of decisions). It will reduce the
number of change orders (and their associated increased costs) because the
modeling displays interference and conflicts that can be addressed and avoided
by redesign. It will improve the quality of decisions along the way by making
it more possible for decision makers to test ideas and weigh possible outcomes.
Organizations can also implement standards in a uniform way. For example,
when the effectiveness of a team process depends on a particular use of
space—for example, in hospital operating rooms, wet labs or collaborative
meeting rooms—BIM can ensure that the template is faithfully applied to the
construction project.

During the operation phase of a building’s life cycle, BIM can be used to:

e Populate the various facility management databases. This can help facility
management meet one of the more serious challenges to implementing
IWMS—the burden of entering accurate data and maintaining it. The level
and quality of automated decisions depend on the amount and quality of
the available data.

o Visualize difficult to see areas, such as a plumbing leak in a pipe hidden
behind walls. This can help staff identify and repair sources of problems
more quickly.

e Use real-time data from BAS sensor networks for better analysis of
building performance. This data can fuel energy analytics on large and
small levels—from whole buildings or floors to individual cubicles.

e Display a history of changes to a building element (e.g., the last time a
wall was painted or carpet replaced). This can support implementation of
lease agreements or analysis of facility products and processes.

e Translate facility actions into value to the organization by showing the
life-cycle cost savings of purchasing certain equipment or retrofitting
windows.

In an article in the Journal of Building Information Modeling, Angela Lewis and
Jim Whittaker noted five specific challenges that must be overcome before a
facility manager can achieve the dream of “click[ing] a 3D object in a BIM and
instantly hav[ing] current, user-specific asset data.” These are:

e Redefining industry practices. BIM is an opportunity to shift from reactive
to proactive modes—from simply responding to problems as they arise to
preventing those problems from occurring and taking advantage of resource-
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saving opportunities. FM will have to obtain buy-in from all levels of the
organization before BIM tools and practices are adopted. This will require
that facility managers commit to educating themselves about these new
practices, making training available to staff and educating management about
the cost/benefit ratio of managing proactively. Facility managers may have to
retool their staffs to take advantage of this technology—redefining
expectations of staff, recruiting technologically adept personnel and ensuring
training of existing staff.

Using facility technology effectively. FM must focus first on the processes
and then on the technology. Proposals to acquire technology should describe
how the technology will be used, what data it requires, what outcomes it will
produce and how the value of the investment will be measured. Another issue
is the variability of information that organizations maintain about their
structures and the completeness, currency and accuracy of the building
construction data that the facility manager may receive at delivery. Best
practices will have to be developed about what information must be
maintained in a database about each property and how it will be maintained.

Planning for data integration. Since data will be used by different people
for different purposes, FM must consider the issue of data exchange.
Standards are gradually emerging for BIM, but in the meantime, vendors are
using open standards and data exchangers such as Construction Operations
Building information exchange (COBie) and Specifiers’ Properties
information exchange (SPie). Currently, the buildingSMARTalliance, a
council of the National Institute of Building Sciences (NIBS), directs a
project to develop open standards and infrastructure to support the vision of
BIM for all of those involved in a building’s life cycle, including facility
managers. Standardized CAFM data exchange tools that are compliant with
the IFC (Industry Foundation Classes) of buildingSMART are already
available.

Relating BIM data to business decisions. FM must engage with
management and provide what management needs—data upon which they
can make sound business decisions. BIM tools can be used to create business
cases that align recommendations with the organization’s strategic objectives.

Managing cost of adopting BIM tools. Lewis and Whittaker recommend
that facility managers begin by integrating FM technologies and
demonstrating the value of efficiencies created by integrating, for example,
the facility’s CMMS and BAS.
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Implementing To get started in using BIM methodology, facility managers must first prepare

BIM by investigating the potential for system data integration and interoperability
when buying new facility technology. Even if the facility manager opts to use
a consultant to provide BIM services for a project, integration of facility data
and systems will facilitate the project.

Projects should be carefully chosen since they will serve equally as a building
project, a learning experience and the opportunity to begin developing the
facility management practices that will be needed to support BIM
implementation in the future. The project should focus on a business need or
pain point, and the team should agree on metrics that reflect the desired
outcome.

The following case study summarizes a GSA pilot project that integrated BIM
with CMMS technology. While the project ran into many problems related to
compatible data, it did produce best practices that would support future efforts
in this area.

GSA Case Study

GSA Goodfellow Complex, St. Louis, Missouri

The goal was to create a BIM after construction by using the facility’'s CMMS and
by converting 2D images into BIM data. Gaps were filled in by means of a
thorough documentation review and an on-site survey. Records were created for
over a thousand pieces of equipment. Because of inconsistencies between the
model and the facility’s CMMS technology, only the equipment’s description and
location fields were populated when data was extracted from the CMMS.
Further, inconsistent location information and non-unique equipment identifiers
contributed to a low match rate (17 percent) between the BIM and CMMS
software.

Based on this experience, the BIM consultant recommended greater
standardization and structuring of data in the two systems. Resulting best
practices directed FM to:
e Create equipment families and types within the BIM tool to accommodate
equipment variations.
e Define matching naming conventions for both the BIM and CMMS and requiring
their use.
e Ensure that all information fields in the CMMS and parameter fields in the BIM
were populated.
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‘*’ Topic 2: Building Imaging Technology

Technology is being used to allow FM to capture data about building
structures and to test building systems. This topic briefly describes the
technologies and uses for 3D/laser scanning and thermal scanning.

3D imaging 3D imaging is a system in which beams of light (usually in the visible to

© 2013 IFMA
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near infrared spectrum) are rapidly reflected off specific surface coordinates
on an object. A scanner captures measurements and plots the results to
create a 3D representation of the object. Because the light cannot pass
through solid objects, 3D imaging systems use multiple setups, scanning the
surface or space from different angles.

The distance between the projectors and the object can range from one
meter to one kilometer. The object can therefore be relatively small (e.g., a
detail of a building’s terracotta ornamentation that must be restored) or very
large (e.g., a congested urban area). The surface does not need to be treated
in any fashion. Because the application can analyze both the distance and
the intensity of the light reflected from the object, the 3D image depicts
both geometry and quality of materials.

Did You Know?

Laser scanning is an example of 3D imaging. It can be conducted within 900
feet of the target and is accurate to a quarter of an inch. The “point cloud”
created during the laser scanning process can consist of more than 60 million
points.

3D imaging is used to document existing structures. These records can be
used to plan projects, measure space/volume more accurately, visualize
hard to access areas such as mechanical spaces, audit contractor work,
create accurate “as-builts,” and support future restoration. For example,
one company needed to install a refrigeration unit in an already crowded
mechanical room. By scanning the room’s interior, which took six
projector setups but only one hour, the company created a detailed 3D
image and saved about 65 percent of the project’s schedule.

Exhibit 6-21 shows the scan results.
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Exhibit 6-21: Laser Scanned Mechanical Room

Source: GKS Global Services.

3D imaging has safety uses as well. Difficult to access spaces can be
visualized to allow planning for maintenance or to prevent collisions during
renovation projects. Security can be planned by analyzing spaces.

3D images can also be scanned into BIM to create models of existing
structures and to update a building during its life cycle.

Thermal Thermal scanning or thermography is a technology that uses a special camera

scanning that converts the transmission heat in the area being photographed into
electrical impulses. These impulses are then color coded by intensity. Exhibit
6-22 shows a thermal scan of an overheating wall plug.

Exhibit 6-22: Thermal Image of Wall Plug

Source: Fluke Corporation (www.fluke.com).

Thermal scanning is often used to inspect and perform maintenance on
electrical systems since it can detect loose connections, overloads, imbalanced
circuits or damaged equipment.
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The most obvious benefit of thermal scanning is that it reduces the likelihood
of a fire, but it also promotes business continuity and saves money by
detecting problems early and preventing or minimizing facility downtime.

‘*’ Topic 3. Geospatial Information Systems

GIS overview

© 2013 IFMA
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GIS is an intelligent graphic tool that maps data on a geospatial grid and
enables analysis of this data for various purposes. The data is of three
types:

e Vector data is digital information about the sizes and relationships
between points, line and shapes. Vector data is what one sees in a two-
dimensional CAD drawing. Imported into a GIS system, the vector
data is overlaid onto geospatial coordinates that are aligned with
cardinal directions.

o Raster data is images, such as aerial photos of a facility, which can be
imported into the system as digital files (e.g., *.jpg, *.bmp).

e Attribute data is stored in a relational database, such as the IWMS or
ERP databases. The GIS links vector data in the GIS with attribute
data in the database. The links must be tested and maintained to ensure
that the link functions and is accurate. Attribute data can take different
forms—for example, a type of activity, age, occupancy level or
condition rating.

The system can map lines (e.g., utilities) as well as points on those lines
(e.g., specific valves). The points and lines can be organized into networks.

Exhibit 6-23 on the next page shows the different types of data that can be
laid over the same physical space.

An optimized GIS can support strategic facility decisions by:

e Combining data from different sources—e.g., existing CAD, BIM data
from design and construction, publicly available geospatial data maps
(e.g., geodata.gov Web site in the U.S.),

e Integrating this data with information from the organization’s BAS,
IWMS and ERM system,

e Layering the data over a map,

e Analyzing it according to various factors and then

e Presenting a graphical result, so that a user can see certain
characteristics of the facility’s physical characteristics.
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Exhibit 6-23: GIS Overlays
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GIS can be sized on multiple levels—from a global perspective to a floor view.

For example:

e On aglobal scale, an organization can locate its various facilities on a map
and quickly and simply visualize differences in their key performance
indicators—in space utilization, for example.

e Onalocal level, an organization can use GIS to analyze a proposed facility
location in terms of proximity to largest customers, critical suppliers, critical
transportation routes or employee addresses.

e On acampus or building level, GIS can show how space and energy is being
used, how certain functions or departments are distributed throughout a
campus or building, proximity to parking and other amenities and proximity
to hazards as well as emergency exits or escape routes.
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Once data has been input into a GIS system, the data can be queried and analyzed in

different ways to find:

e Amounts (e.g., number of parking spaces, number of trees that require pruning
this season)

e Locations (e.g., all meeting rooms or class rooms that can accommodate more
than 100 occupants, zones with amenities for disabled occupants)

e Proximities (e.g., the closest parking area to Building G, the closest service calls
to where a technician is currently located)

e Overlaps (e.g., what functions of a given type will be affected within a defined
construction zone or hazard area)

e Routes (e.g., the fastest evacuation routes for different sections of a campus, the
location of an emergency assembly area, the time required to get from one
facility to another in a distributed campus).

e Changes. Because GIS can include a fourth dimension—time—it can highlight
changes that have occurred in the facility over a period of time, such as increases
in building footprints or elimination of parking or changes in road layout.

Because GIS can associate data in different ways, it can also visualize workflows
across a facility on a building or campus level. GIS can also support analysis by
creating “what if” scenarios, showing the effect on transportation costs of locating in
a particular area or potential conflicts created by locating a particular function in a
certain area. It can also help establish staff assignments, schedules and work routes.

GIS offers the following functionality for facility management:
¢ Real estate portfolio management

e Asset management

e Sustainable facility operations

e Increasing organizational productivity

e Emergency preparedness and business continuity

Many organizations today may want to consolidate or shed properties to decrease
operating costs. GIS can help facility managers compare holdings according to
performance parameters and total life-cycle costs to provide visual answers to
guestions such as:

e How do occupancy rates compare among properties? Are there underperformers
in terms of occupancy rates or space utilization? Can organizational functions
be brought back together under the same roof in some way?

e Where are costs of operation highest? What structures are least energy
efficient? Which will require significant investment in upgrade in short- and
long-range periods?
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Asset management

Sustainable facility
operations

Conversely GIS can support siting decisions by placing facilities in their geospatial

contexts:

e Which areas are trending upwards or downwards in terms of market values?

e Is transportation into and out of the facility adequate? What would happen if an
event closed certain routes?

e What kinds of facilities are located nearby? How will they affect occupant
comfort and safety, as well as organizational exposure to risk?

Linking assets to the GIS can help organizations identify assets more quickly if
quizzed by regulators, insurers or boards. They can also identify certain types
of assets more easily. For example, a campus learns that a disease is attacking
a certain tree species in the area and knows it will have to budget and plan for
removing and replacing a certain type of tree. GIS will streamline this process
by counting and locating the susceptible trees. A scheduling for pavement
resurfacing can be calculated more quickly and include as factors both surface
conditions and priorities of adjacent operations. Ongoing projects and their
phase of development can be identified throughout a building or campus.

Performance of particular building areas or buildings on a campus facility can be
combined with BAS data to display comparative energy performance, as shown in
Exhibit 6-24 below. Other issues could be evaluated, however, if the relevant data
is accessible, such as volumes of trash generated or occupant complaints about
possible health hazards. The location of hazardous materials storage areas can be
identified and shared with first responders and those who need to know this
information.

Exhibit 6-24: GIS Map Comparing Levels of Energy Performance

Energy consumption vs. previous year

Greater than 11% decrease

0 to 10% decrease

0 to 10% increase

Greater than 11% increase

BE00
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GIS can improve productivity by lowering non-productive use of employee time—
time spent travelling from one location to another or from a parking area to an
office. Patterns of travel can be detected, and adjacencies improved. Since GIS can
compare changes over time, systems can display shifts in population density within
the facility throughout the day. This might affect location of parking areas, campus
transportation amenities or the distribution and level of security. Buffer zones can
also be shown, so that facility management can schedule construction projects with
minimal impact on nearby operations or occupants.

GIS can help facility managers identify issues to mitigate risks and respond to
emergencies. For example, a GIS map that shows areas in terms of their use
could show that a daycare center is located adjacent to an equipment area or
hazardous materials storage area where the consequences of an explosion
could be even more serious for the facility. A map showing egress points
might be used to construct evacuation routes and automatic control of locked
entryways. If the security system includes CCTV, the GIS could combine with
that functionality to provide quickly a more complete picture of what is
happening in a particular area during an emergency.

In terms of business continuity, locations designated as backup facilities can be
located and networked for analysis and tracking. Supplies, agreements and
other data can be associated with the sites.

Exhibit 6-25 is an example of GIS being used to analyze evacuation challenges
on a floor.

Exhibit 6-25: GIS and Emergency Preparedness

Distance to the closest exit
(n)

Source: Prof. J. MacGregor Smith (MIE, UMass Amherst);

“Geographic Information Systems (GIS) for Facility Management,”

Houston, Texas: IFMA Foundation, 2010.
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Implementing GIS  As with any new technology, cost will be an issue, and facility managers must
prepare business cases to demonstrate return on investment. The initial upload
of data into the system is also resource-intensive. GIS applications can be run
as stand-alone systems, but they will be more useful to an organization if they
can be integrated into existing IWMS, BAS and ERP platforms. This can be a
challenge in an organization that has not integrated its databases and in a
facility that is running separate applications to perform its various functions.

Integrating with legacy systems can also be problematic. Facility managers
who are considering purchasing IWMS and/or BAS should consider the issue
of integration with GIS as a purchasing factor.

‘*’ Topic 4. Automatic Identification and Data Capture

Definition Automatic identification and data capture (AIDC) refers to a group of
technologies that automate the collection of information from various sources.
The group includes such technologies as the magnetic stripe used on credit
cards or access cards, smart cards that are embedded with microchips that
enable certain functions, and various biometric identification tools such as
fingerprint recognition, iris scanning and voice recognition.

This topic will focus on two examples of AIDC that are widely used in FM:
bar codes and radio frequency identification.

Bar coding is a good example of a technology that struggled to prove its
usefulness. It took almost twenty years before bar coding was introduced in
railway systems to track rail cars. Radio frequency identification has a similar
history—growing out of technology used in World War Il but not really taking
hold until the 1970s, when the first devices were patented.

Both technologies have now, however, evolved into useful asset management
tools for FM. Their methods are similar. An asset is tagged with an identifier,
which can be read by a scanner and the data exchanged with a database. Their
technologies, however, are different and create specific restrictions and
advantages.

Bar codes Bar coding is familiar to most people as the universal product code (UPC)
symbol on packaged food and to most facility managers as the labels attached
to furnishings and equipment. A bar code is a graphic representation of data
that conveys information about the object to which it is attached. The
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representation or symbol can be read by an optical scanner. This information is
then transmitted to a computer, which accesses the associated data files and
delivers this information to the user.

The bar code itself may be one-dimensional (1D) or two-dimensional (2D). 1D
codes use a sequence of vertical, parallel lines of different thicknesses and with
different spacing. 2D or matrix bar codes use geometrical shapes (e.g., squares
and rectangles of varying sizes) arranged in different patterns within a larger
square. 2D bar codes have somewhat different standards and capabilities and
are discussed separately below. Exhibit 6-26 shows 1D and 2D bar codes.

Exhibit 6-26: Bar Code Types

[=] 5 [=]

r
]
91 234567 5903

Sample 1D bar code 2D code for King Abdullah

Bar code uses in
FM

© 2013 IFMA
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University of Science and Technology (KAUST)

Bar codes conform to regional and global standards. Users can create or
outsource creation of their own codes from services. They can be printed
locally according to the user’s needs, with varying sizes and materials.

Scanning devices were originally specialized machines or handheld optical
scanners, but scanning is now possible on a variety of devices, including
smartphones on which applications have been installed.

Bar codes are used in FM in a variety of areas.

e Asset and inventory management. Most CMMS and IWMS include bar-
code reading capability. This allows technicians to scan equipment codes
into work orders, order or check out parts and track checkout of certain
equipment and tools. FM can track inventory levels to identify
opportunities for efficiency (e.g., to correct frequent out of stock
conditions or high levels of inventory) and analyze individual work orders
to develop typical requirements for similar orders.

e Move management. Bar codes are attached to boxes, furnishings or
equipment. Movers can scan the codes to confirm destinations and to mark
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progress toward the destination. FM can track the move and resolve issues
more easily.

e Access control. Bar codes on identification cards control access to secure
areas of the facility. Systems also allow tracking of access to support
investigations in the event of losses. Bar codes on windshields can admit
vehicles to authorized parking areas.

2D codes 2D codes can contain more data than a bar code and can be read by most
smartphones equipped with free, downloadable reader software. One example
of 2D bar coding is the QR (for quick response) code that is commonly seen in
advertising. 2D codes can be created at no expense, using free downloadable
software for various types of competing open codes. (There are proprietary
codes as well, such as Microsoft Tags and Mobile Tag.)

Scanning the code with a smartphone can:

e Direct a user to a certain Web site.

¢ Display text and images—even streaming video.
e Send e-mails and messages.

e Dial telephone numbers.

As smartphones become more ubiquitous, 2D code use is growing and
expanding into new areas. A 2011 survey by a marketing firm found that 2D
code scanning grew by 4,549 percent from 2010 to 2011. Whether this
particular technology will find a permanent home in FM remains to be seen.

Uses of 2D bar codes in FM

This technology is beginning to be applied in facilities, where it can be used to:

e Display equipment warranty information and contacts for service and
parts.

e Connect staff over their phones to online manuals or tutorials about
servicing a piece of equipment. Many manufacturers are now including
these codes on their products.

e Encourage prompt reporting of facility maintenance problems by
occupants. Occupants could scan a nearby code and be directed to a Web
page for the facility CMMS. They could report lapses in cleaning or
leaking plumbing in a restroom. A parallel code in the same area could
then be used by staff to log a response to the issue.

¢ Invite occupants to link to and complete on the spot surveys, possibly
increasing the response rate on occupant surveys.
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Some other uses of 2D code have appeared that may be of interest in FM.

o Real estate companies use the images as a point of sale tool, to allow
someone on site at an available property to link to additional information
about the property. This eliminates delayed communication as brokers and
potential tenants or buyers play telephone tag, and it helps screen buyers
who may not want to pursue information beyond what is available
automatically through the 2D code.

e Museums use 2D codes to connect visitors to additional information about
exhibits. There is special potential here for visually impaired guests or
non-literate guests who could access spoken messages over their phones.

e Some municipalities are using 2D codes outside buildings which allow
users to view a building’s history of code or permit violations.

Did You Know?

One educational facility places 2D bar codes on doorframes. Scanning the image links
the user to the facility’s Health, Safety and Environment system and Web site. The
user can quickly identify the nearest emergency exit, the assigned assembly area in
case of facility evacuation and other emergency-related information. This helps
address the common challenge for FM—communicating emergency plans and
information to all occupants, especially visitors.

Radio
frequency
identification

© 2013 IFMA
All rights reserved

Radio frequency identification (RFID) technology is an automatic system that
uses radio waves to locate both animate and inanimate objects. The system
may include:

e Tags, such as those found on ID badges or cards.

e Readers.

e Servers with software applications.

o Enterprise platform with dedicated databases.

A tagged object is identified by a reader that communicates with a server. It
may be a one-way conversation: the server simply notes and stores the
transmission with other information, such as the location of the reader and the
time. Or the reader may be capable of a dynamic, two-way conversation with
the server. The reader transmits its identifier to a server, which associates that
information with stored data and then communicates back to the reader some
command (e.g., an authorization). In some RFID systems, RFID servers may
be tied into enterprise management platforms.
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Exhibit 6-27 illustrates RFID system architecture.

Exhibit 6-27: RFID Systems
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Platform

Source: Eric Teicholz, editor. Facility Management Technology.
Houston, Texas: IFMA Foundation, 2012.

Tags

RFID tags are plastic cases that include microprocessors, antennas, and/or

power sources (usually batteries). They are classified as active, passive and

semi-passive according to their configuration:

e Active tags contain a microprocessor (microchip) and a power source,
such as a small battery. The power source is used to transmit a signal to a
reader.

e Passive tags contain only a microchip. They are activated when the
electromagnetic waves from a reader induce a current in the tag’s antenna.

e Semi-passive tags have batteries, but they are used only to power the
microchip. Like passive tags, they indicate their presence by drawing on
the reader’s signal.

Tags can be read-only (using factory input data) or may be blanks that can be
programmed by the user—in some cases, by the reader device. Some tags have
sensor capabilities and enough memory to store information about
environmental conditions. For example, an RFID tag on a shipment of
therapeutic drugs might be programmed to store evidence that the drugs have
been exposed to conditions that will diminish their efficacy, such as
temperature extremes or light.
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Readers

Readers are described as “dumb” or “intelligent.” A dumb reader is limited in the
types of tags it can read—usually only one type of tag, with one frequency and
one protocol. It has little processing power besides the ability to read the tag.
Intelligent readers can run multiple protocols and can actually communicate with
the chips on the tags and process and store information. Readers can be stationary
or handheld.

Software applications

Applications can collect, filter, and store data read from the tag. Filtering is useful
since an object may be read many times if it is moving through a process. The
software can filter the data to reduce data storage and processing requirements.

RFID systems and products are differentiated by tag robustness (e.g., longer
lifespan, longer battery life, reusability), read range (maximum distance from a
reader), the processing capacity included in tags, and their software’s ability to
be integrated into other systems, such as GIS, IWMS and enterprise resource
management (ERM).

RFID technology has been in use for some time. Readers at toll plazas pick up
signals from cars enrolled in an automated toll collection programs; charges are
debited automatically from designated accounts. Companion animals are injected
with sub-dermal chips so that they can be identified if lost or stolen. Production
animals carry tags that can identify the animal but can also allow systems to
control automatically access to feeders and update treatment records. Valuable
cargo containers carry RFID to track them through the supply chain process, on
and off ships, railcars and trucks, and through yards and depots.

Recognition of its usefulness in FM is expanding.

Asset management

By placing tags on objects—usually higher-value assets because of the higher

system costs—facility managers can provide greater accountability for facility

property.

e RFID tags can replace bar codes in inventory systems for movable equipment
and furniture, tying into asset databases. Areas can be read periodically for
audits to identify missing property. Assets that have been moved can be
relocated through the database.

e Systems can deter theft of high value and portable assets. Readers can be
placed at exits to identify when a tagged item is being removed from the
premises.
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Guest services

Facility visitors can be issued RFID tags programmed to provide different levels
of access (e.g., allowing building access and access to certain floors or rooms).
The tag can help locate a visitor quickly or track use of facility resources. For
example, an RFID reader at a hot desk can log in a visiting remote worker,
activating appropriate services (e.g., access to telephones or copiers) and also
letting the IWMS know that the reserved room is in use.

Security

RFID is used in electronic locking systems. In some facilities, where security
needs are high and occupants are not guaranteed conventional privacy rights,
RFID badges can be used to track an occupant’s movements in real time.

Bar codes vs. Both systems offer the same basic advantages over manual tracking: greater
RFID speed and accuracy. Each has its own advantages and disadvantages, however.
¢ Robustness. Tags are generally more robust than bar codes. While tags are
encased in plastic (or under the skin of animate objects) for protection, bar
codes can be scratched or worn, which decreases their readability.

o Readability. Bar code readers require direct line of sight, which slows the
read rate considerably and limits the range as well—to less than fifteen feet.
RFID readers are receiving active or passive signals that have a range of up
to 300 feet.

e Programmability. Bar codes cannot be reprogrammed. They are what they
are. RFID readers can reprogram tags.

e Economy. Bar codes cost about USD 0.005 (half a penny), while the
cheapest passive tags may cost USD 0.03. One must factor into this,
however, the productivity advantages of faster read rates. Still, if a facility
has no automated asset management process in place, bar coding can be a
low-cost, entry-level way to address that gap.
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Progress Check Questions

Directions: Read each question and respond in the space provided. Answers and page references follow
the questions.

1. Which of the following statements about BIM is correct? (Choose one.)
() a Theusefulness of BIM in facility management is restricted the planning and design phase
of a new building project.
() b. BIM can model both three-dimensional space and time.
Most CAD applications include BIM functionality.
Most of the useful information in a BIM model derives from the representation of the
three-dimensional image.

—~ ~
~— —
o O

2. What is the best definition of clash detection? (Choose one.)
() a Identification of structural conflicts between structural components and building systems
() Db. Identification of errors in scheduling activities in a project’s phases
() c. Identification of conflicts between actions taken by various participants in a construction
project
() d. Identification of potential building code violations

3. A project manager is trying to accommodate occupant desires with the realities of a construction
budget and schedule. How could BIM help in this situation?

4. List at least three ways in which BIM could be useful to facility managers in operating a building.

5. Which of the following is an imaging technology used to identify anomalies in facility electrical
systems? (Choose one.)

() a BIM
() Db. Laserscan
( ) c. Thermal scan
() d GiIS
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6. Listat least three uses for 3D imaging in FM.

7. Which of the following would be considered attribute data in a GIS? (Choose one.)
( ) a Compass orientation
( ) Db. Bitmapimage of a location
( ) c. Lengthofapiperun
( ) d. Typeofsurfacing used

8. A facility manager is trying to create a work schedule for facility technicians that will minimize
travel time. How can GIS help? (Choose one.)
( ) a By providing technicians online directions to work sites.
() b. Byallowing technicians to visualize a future work area.
() c. By plotting work locations and travel time between jobs.
( ) d. Byautomating distribution of assignments and task completion reports.

9.  Which of the following statements about RFID systems is correct? (Choose one.)
() a RFID systems are appropriate only for tracking items of high value.
( ) b. RFID tags tend to be more robust than bar codes.
() c. Readers must have a clear line of sight.
() d. Allintelligence resides in the server where the application is stored.

10. A visitor is issued an RFID badge that is programmed with levels of access. What other functionality
could the system provide? (Choose one.)
() a Rapid location of the visitor within the facility
() b. Accessto the facility’s wireless system
() c. Visual image of the visitor at any point in time
() d. Request by the visitor for assistance

11. An occupant notices a plumbing leak in a lavatory but cannot locate a custodian to report it. The
occupant leaves and does not report the problem, hoping that a custodian will note the problem the
next time the area is cleaned. How could a 2D code be helpful in this situation?
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Progress check answers

1.

10.

11.

b. BIM includes data related both to the 3D object/structure and changes over time. BIM can be
useful in operations as well as construction. A significant amount of information other than
dimensional data can be included in parametric models that add attributes to 3D data. BIM is not a
capability of CAD. Rather, BIM is a methodology that employs CAD and other information systems.
(p. 6-66)

a. Clash detection is the identification during the design phase of possible collisions between
structural elements (e.g., solid wall) and building system components (e.g., duct). (p. 6-67)

Through rapid quantification, BIM can project the effects on budgets and schedules of different
design scenarios. (p. 6-69)

BIM could assist in facility operations by:

e Populating facility databases with data from the construction phase of a project.

Visualizing internal spaces to identify sources of problems.

Integrating real-time data from sensors in analytics.

Determining life-cycle costs of various equipment or building envelope improvements. (p. 6-70)
c. A thermal scan can detect anomalies, such as overheating circuits, by registering areas of
increased heat in the scanned image. (p. 6-74)

3D imaging can be used in FM to:

o Document existing structures.

e Measure space/volume of facility areas.

e Visualize hard to access areas.

e Create accurate “as-builts.”

e Plan facility alterations/additions.

e Audit contractor work. (p. 6-73)

d. Surfacing type would be considered attribute data in a GIS; a and ¢ are vector data, and b is raster
data. (p. 6-75)

c. GIS can plot work locations on a facility map and travel time between the points. This can help in
grouping and sequencing calls for the most productive use of technician time. (p. 6-77)

b. RFID tags are more robust than bar codes, which are subject to abrasion. RFID systems do not
require line of sight for readers, and readers and tags can have some degree of intelligence. Systems
have different price points, depending on the capabilities of their components, and could be used to
track less valuable items. (p. 6-86)

a. The RFID system will allow the visitor to be located in real time on a facility map. It could create
a history of movements within the facility by combining data from different readers. (p. 6-86)

If equipped with a smartphone (and this is increasingly common), the occupant could take a picture
of the 2D code and be directed via the Web to a specific area of the facility maintenance Web site.
The problem and the location could be logged automatically and added, via integration with a
CMMS, to the task list for maintenance technicians. (p. 6-82)
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e ————————

After completing this chapter, students will be able to:

e Describe the major changes in facility communication technology, including the confluence
of voice and data communication and the impact of wireless technology and sustainable
computing.

e List organizational needs a facility manager should consider in adopting a facility
communication network.

e List advantages and obstacles to implementing wireless networks.

e ——————— e —

‘*’ Topic 1: Facility Voice and Data Communication

Evolution of The ways in which the facility manager can support the organization’s
facility communication needs have changed considerably. The major forces of change
communica- have been:

tion e The integration of separate voice, video and data networks into one
technology communication network

e Improvement of bit rates and capacities
e Standardization of protocols for network communication over the Internet
o Wireless technology

In addition, communication systems are being integrated with an organization’s
ERP and IT systems. For example, incoming calls are automatically associated
with customer files in customer relationship management (CRM) systems.
Some conversations maybe recorded digitally and saved for compliance
reasons. Incoming calls for occupants using “softphones” go straight to the
facility’s computer network, enabling occupants to take one phone number with
them wherever they may be in the facility. FM may have to work with IT to
support this integration.

The task of managing the facility’s voice and data communication
infrastructure has changed with technological advances and communication
trends. Exhibit 6-28 overviews the major stages that communication
technology has evolved through. Facility managers may be involved in
technology at all different stages in this evolution.
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Exhibit 6-28: Evolution of Communication Technology

Phase 1: Twisted Pair and Modems

Telecommunication began as the transmission of
analog signals over a twisted pair of copper wires—
plain old telephone service or POTS. Each node in
was connected via a central switching office with the
public network. There were few features.

Digital data was communicated from phone to
phone, after being modulated from digital into analog
and back again at the other end.

Business systems could include key systems that
managed multiple users and offered some
functionality. Some of these systems are still in use.
Succeeding generations were electronic, but had the
disadvantage of needing a power source. Another
option was a private branch exchange (PBX) which
could manage voice, fax and modem lines
automatically. The PBX could support several voice
features, such as hold or transfer.

Businesses that needed to transmit data could
construct wide area networks (WANS) to access
remote computers or computer networks, using
leased or switched lines, and local area networks
(LANSs), using coaxial cable and a networking
technology, such as Ethernet.

Phase 2: Integrated Servi

ces Digital Network (ISDN)

Voice devices began transmitting digital signals, and
telephony and computing began to come together.
ISDN allowed simultaneous voice and data
communication within the same bandwidth, but at
first the bandwidth was still limited. Data could be
communicated more quickly over the Internet. Long
lines were being replaced by coaxial cable and fiber
optic cable, which offered higher capacity and rates.

As the Internet expanded and a standard
communication protocol developed (TCP/IP), data
communication began to occur over the Internet
through Internet service providers.

ISDN'’s data rate was not significantly greater than
POTS. Some facilities installed lines that could carry
more traffic and at higher rates. A T1 line can carry
1.5 Mbits/second.

Intranets were developed within facilities, using IP
technology to create a private version of the public
Internet over the facility communication network.
Occupants could share information on networked
servers, according to security level.

Phase 3: Broadband

With more bandwidth, users envisioned the
possibility of combining voice, data and compressed
video over the same lines. This would take much
higher transmission rates than that available with
standard telephone service. Later, digital subscriber
line (DSL) ISDNs offered access to the Internet at
higher speeds on specially conditioned lines.

Video phones and video conferencing were the goals.
Equipment was expensive and cumbersome, but did
come down in price and size. Some organizations
created video conferencing centers, some of which
relied on satellite technology rather than wired
communication networks.

Phase 4: Internet and Wireless Technology

ISDN has been eclipsed by the Internet, which is
increasingly being used to transmit voice as well as
data and to stream audio and video. Long-distance
calls made over the Internet are less expensive.
Web camera-enabled computers make video calling
simple and inexpensive.

Wireless technology has enabled the latest
generation of mobile devices to combine voice with
data (including video) streaming.

The distinction between facility voice and data
communication systems has become irrelevant. To
save money and decrease their carbon footprints,
many organizations embrace distance communication
and implement it over the Internet.

Wireless technology helps facilities lower wiring costs,
increase the flexibility of facility space and
accommodate the new maobile occupant.
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Key terms

Exhibit 6-29 includes some key terms related to integrated communication

technology (ICT).

Exhibit 6-29: ICT Terminology (continued on next page)

Term

Definition

3G/4G

Third generation and fourth generation mobile communication system.
Generic name for mobile network/service based on the International
Mobile Telecommunications (IMT) family of global standards.

Bandwidth

The range of signal frequencies that can be carried on a
communications channel. The capacity of a channel is measured in
cycles per second, or 1-hertz (Hz), between the highest and lowest
frequencies. While this indicates the channel's information-bearing
capacity, it is more commonly expressed as "bits per second.”

Digital subscriber line
(DSL)

One of a range of technologies which allows high-bandwidth services to
be carried over a traditional copper twisted pair. The bandwidth
achievable usually depends on the length of the copper pair.

General packet radio
service (GPRS)

A standard for wireless communications which runs at speeds up to 115
kilobits per second. GPRS is an integrated part of the Groupe Specific
Mobile (GSM) standard.

Groupe Specific Mobile
(GSM)

European-developed digital mobile cellular standard.

Integrated Services
Digital Network (ISDN)

A digital switched network supporting transmission of voice, data and
images over conventional telephone lines.

Internet

A global system of interconnected computer networks that use the
standard Internet protocol suite.

Intranet

An electronic communications network, based on the same overall
design as the Internet, but used for communications among the
departments and locations within one organization.

Local area network (LAN)

A computer network contained within a relatively small area. May also be
connected over any distance via phone lines, fiber optic cable, satellite,
and radio waves.

Private branch exchange
(PBX)

A larger and more feature-rich telephone system that is part of the broad
category of customer premises equipment, which refers to equipment
owned, installed, and maintained by the customer as opposed to the
service provider.

Transmission Control
Protocol/Internet Protocol
(TCP/IP)

A suite of communications protocols used to connect hosts on the
Internet.

Virtual private network
(VPN)

A network that provides virtual circuits and that is established by using
the facilities of a real network; a private network, usually encrypted, that
is configured within a public network, such as the Internet. VPNs are
inexpensive ways to create WANS.

Voice over Internet
Protocol (VolP)

The standard that the Internet uses to allow computers to communicate.
It transmits both voice and data traffic.
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Exhibit 6-29: ICT Terminology (concluded)

Term Definition
Wide area network Two or more local area networks (LANSs) that span a relatively large
(WAN) geographical area. Global enterprises can lower costs by linking facilities
through a WAN. The Internet is a type of WAN.
Wireless access point A device that allows wireless communication devices to connect to a

wireless network. The wireless access point usually connects to a wired
network, and can relay data between the wireless devices (such as
computers or printers) and wired devices on the network. Referred to
popularly as a Wi-Fi™ hotspot.

Wireless local area Local area networks that use radio frequency transmission technology to
network (WLAN) transit information from one point to another. Referred to popularly as
Wi-Fi™ for the first widely used wireless technology, standard 802.11b,
and its subsequent versions.

‘*’ Topic 2: Managing ICT Systems

Facility In an existing building, most facility managers are faced with communications
manager systems that have grown in an unplanned fashion that does not allow the
challenges facility to take advantage of new technology. There is probably too much

cabling and wiring, since the safest choice is always to include more capacity
than is actually needed. As mobile communication and VolP increase in use,
the need for this infrastructure decreases.

Newer structures and furnishings have been designed for flexible use of space,

but older workplaces often have wiring plans or furniture that make moves and

repurposing of spaces difficult and expensive. Implementing open space design
when all the cabling is in walls or ceilings is a practical and aesthetic challenge.
Accommodating inflexible furniture configurations may require installing new

cabling.

In addition, FM must plan for the physical needs of new technology:

e The additional space required for LAN rooms and server rooms

e Infrastructure components to support those spaces, such as additional
cooling and ventilation, additional storage, specialized cabling

o Business continuity issues, such as backup generators and uninterruptible
power supplies (UPS) or even a full backup system in a remote location for
disaster recovery

Facility managers must seize opportunities to rethink facility communication

structure and make it more rational, aligning it with the organization’s
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communication needs and reducing its costs. Even if changes must be made in
a piecemeal fashion, each change can be leading the facility toward a more
functional communication plan.

A simple needs assessment can help a facility manager create a more productive
alignment of facility communication technology with organizational processes and
practices. Through interviews with function heads and site visits to workplaces,
facility managers must:

e Understand how occupants use the communication network. This includes
guestions such as:

Whom do occupants communicate with internally? Do they need to share
data with these individuals? Do they need access to shared databases?
Whom do occupants communicate with externally? Do they make long-
distance or global calls?
Could video-enabled communication technology, such as Web
conferencing, improve team or customer communication and reduce
travel?
What type of files do they share internally or externally? What quality and
speeds do they require?

o Determine the level of mobility in the workforce and how that affects
communication.
Do many occupants work remotely?
Do many occupants prefer to communicate and be reached through mobile
devices?

e Gather data about the organization’s use of space.
Is the organization seeking to reduce its footprint by increasing the number
of small satellite offices or having employees work from home?
Is the organization moving away from fixed work stations or offices to
temporary team areas?
What is the organization’s churn rate? How is it trending?
What is the average cost of an internal move?
What are IT’s space and connectivity needs and priorities (e.g., location of
closets and data rooms)?

o Identify special needs, such as:
Enhanced security on all external communication.
Low tolerance for interruption of service and increased need for backup
systems and planning for continuity in the event of a disaster.
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Chapter 4: Communication Technology

Compliance issues (e.g., call logging).
Occupants with disabilities who require adaptive technology.

A facility manager will rely on the advice of an expert communication system
designer, but the result will be only as sound as the information input into the
process.

* Topic 3: Optimizing Facility Communication Technology

Advanced
strategies

© 2013 IFMA
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Taking advantage of the latest communication technology will enhance a
building’s value and support occupant and organizational productivity.
Communication technology upgrades can be an opportunity to integrate
building controls with the communication system. For example, security
systems can be integrated with communications networks, using existing
cabling to carry camera images or issuing alerts to occupants. Energy
management systems could use wireless networks to power down
devices.

However, these projects require collaboration and regular communication
with IT. The IT function can bring to the table technical expertise in
building networks and integrating systems, but the facility manager
brings thorough awareness of the physical attributes of a building and
how structures can enable or limit implementation.

In Facility Management Technology, Richard Hodges contrasts conventional
approaches to wiring for voice and data with an alternative design that is more
flexible, economical and sustainable. Exhibit 6-30 on the next page shows
these two approaches.

In a conventional approach, because of limitations on the lengths of copper
runs and the need to tie data lines into routers, separate data cables and copper
voice wiring—and perhaps coaxial cables for audiovisual transmission—are
homerun on each floor of a multifloor facility to an intermediate distribution
frame. These frames are typically located in wiring closets on each floor. The
intermediate frames are stacked vertically above a main distribution frame.
Wiring and cabling are run through the plenum, dropping at regular intervals
(usually inside walls or permanent furniture) to fixed connection points. The
wiring is expensive and the connections difficult to alter. Wiring closets take
up room that could be used more productively.
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Exhibit 6-30: Contrasting Approaches to Communication Network Design

Conventional Design
Plenum

Horizontal Cable

Fu‘beng CoPp?r Copper Cable - 8 wires per drop.

Three drops per station = 24 conductors (wires).
o .
Wi

PBX

Optimized Design

Wireless Access P

= .

RAISED ACCESS FLOORS WITH ZONE
DISTRIBUTION CABLING AND WIRELESS LAN.
CONVERGED VOICE AND DATA SYSTEM.
SMALL INCREASE IN FIBER OPTICS. MAJOR
REDUCTION IN COPPER CABLE.

Source: Eric Teicholz, editor. Facility Management Technology.
Houston, Texas: IFMA Foundation, 2012.

An optimized design converges voice, data and video into a single fiber optic
vertical feed to each floor. The optimized design has several advantages:

Rather than locating all connections in a single closet, the design calls for a
modular network organized into zones, with network components (e.g.,
Ethernet switches, power supplies, wireless access points) located under
raised floors. Modules can be added or moved according to occupant needs.
This replaces fixed and excessive wiring for drops to possibly nonexistent
workstations with copper wiring from the zone to equipment actually in use.
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e Ceiling-mounted wireless access points can also be copper wired into a
network component to improve reception or provide service for hard-to-wire
spots.

e The space required for closets is greatly reduced, making space use more
flexible and productive. Since the trend has been for these closets to become
larger and larger, with the addition of LANs and VVolP, an opportunity to
control closet size is appealing.

e Fiber optic has greater capacity than conventional cabling and wiring (fiber
optic can even support distribution of video over IP), is less susceptible to the
effects of electromagnetic fields created by facility equipment, decreases the
building’s fire protection load and fire suppression systems, and is more
sustainable since it uses less material resources to produce an equivalent
amount of transport capacity and uses less energy.

Did You Know?

According to a European study, fiber optic cable could reduce energy consumption by
34 watts per 10 Gigabit link (combining 24 watts in reduced power consumption plus
10 watts in reduced need for cooling). In addition, fiber optic is less environmentally
disruptive. Copper extraction processes require about 500 kilograms of environment
(e.g., excavated ground, water) to produce 1 kilogram of copper. To produce one
kilogram of fiber optic requires only 3 kilograms of environmental resources. To depict
that in finished product, 24 ten-gigabit copper links require 33 kilograms of copper,
while the same number of links and the same link lengths requires only 56 grams of
glass. One must remember as well that less material means less waste for future
disposal.

Implementing New “smart” buildings incorporate wireless local area networks (WLANs)—
wireless popularly referred to as Wi-Fi—into their overall communication strategies.
networks This trend has been driven by a number of factors, including the combination

© 2013 IFMA
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of data and voice communication, the adoption of smartphone technology, the
importance of enterprise data and processes and increasingly mobile work
habits. In addition, wireless networks are relatively low cost and easy to install
and use a common standard protocol.

Many wireless networks may be part of a hybrid communication system—
providing service to certain parts of the facility while the other parts are served
by a cabled network. Facilities may choose to implement Wi-Fi hot spots in
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areas where the potential for use is high, such as in meeting rooms or cafeterias
or lobbies. Wi-Fi hot spots may also be an alternative for buildings in which
implementation of facilitywide wireless networks would be difficult.

In some implementations, wireless zones with ceiling-mounted access points
operate in a parallel manner alongside conventional cabled networks. This
enables occupants to use mobile devices as their primary work tools, which
may make sense in an organization with a high proportion of remote workers
who use the facility sporadically or visitors who will need connectivity during
their stay. Exhibit 6-31 shows a wireless installation in which wireless entirely
replaces cabled data.

Exhibit 6-31: Wireless Data Communication Installation

Wired data connection to
wireless access point

Wired telephone
connection —‘

Network backbone cable

Source: Steve Falkin and William Sellers. Wireless Systems in the Facility.
Houston, Texas: IFMA Foundation, 2005

System design factors include the types of communication that occur and the
number of users. Type of use affects the size of bandwidth specified in the
network, while the number of users affects the number of access points that
may be needed. As users increase in number, so do access points.

Access points can mounted on ceilings, walls or desks, depending on the
coverage area. They can be installed in plenums, if local codes allow. Access
points must be powered. This can be either through wiring or by using a
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system that couples power supply with Ethernet cables (power over Ethernet or
POE). The system may also require installation of wireless cards in computing
devices, which will involve facility management with IT.

While wireless networks do not presently have the same bandwidth as wired
networks and reliability may be lower, wireless has many offsetting benefits,
including:

Integration with core building systems for increased energy efficiency and
security.

Integration of smartphones into work processes. For FM, this means that
technicians can receive work orders and respond and access online
information (e.g., parts catalogs and ordering, manuals, technical support)
in real time. Smartphones are increasingly becoming an important tool to
increase staff productivity.

Enhanced value and appeal to tenants.

Decreased use of cabling and as a result decreased cost (both materials and
installation) and building fire protection load. In general, a fully wireless
network requires 40 percent of the cabling in a wired system.

Networking of hard-to-reach areas. This includes not only providing
communication service to occupants but also networking building system
elements that would not be feasible to wire into a BAS. In historic
buildings, where interiors cannot be disturbed, wireless may be the only
option. Some leases may also restrict wiring installations to limit damage
to walls.

Faster setup and connection of new occupants to communications.
Enhanced productivity since occupants can access and share information
wherever they are—especially with the increasing use of smartphones and
tablets.

Despite their benefits, wireless networks have their own challenges, and these
challenges make collaboration with IT and system experts advisable.

Facility factors. Certain building characteristics, such as foil-lined
ceilings, may inhibit wireless transmissions. Interference from building
materials (e.g., concrete and steel) and radio frequency interference from
devices can diminish network speed. Facility layout can create areas with
weaker reception. Some of these issues can be overcome, but expert advice
will be needed to develop solutions that are both reliable and cost-
effective.
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e Use factors. As suggested earlier, the system must be designed to support
the anticipated traffic, but inevitably traffic will occasionally exceed the
anticipated range, and users will experience slow transmission rates or will
not be able to access the network. Users trying to upload or download very
large files may not be satisfied with wireless transmission speeds.

e Occupant safety. Weak or failed reception during an emergency is not
acceptable. Facilities that rely on wireless networks should consider this
when planning emergency communication and test alternative methods of
communicating with occupants.

e Security. Security of wireless communication is a primary concern for
organizations. The U.S. Department of Homeland Security recommends
several steps to securing wireless networks:

Changing default passwords on access point devices

Restricting access to authorized users. Multiple wireless networks with
different levels of security can be created to accommodate visitors.
Encrypting data

Installing not only a network firewall but a host-based firewall on
wireless devices
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Progress Check Questions
Directions: Read each question and respond in the space provided. Answers and page references follow

the questions.

1. List the four major developments in communication technology that have most strongly affected
facility communication technology.

2. Which of the following statements about the evolution of workplace communication technology is
correct? (Choose one.)

() a

( ) b
( ) c
() d

Voice and data communication systems have grown increasingly distinct.
Speed of transmission has increased, but not quality.

Broadband connectivity has been eclipsed by Internet access.

VPNs have been replaced by Internet connectivity.

Link the communications technology terms on the left with the correct description on the right.

N o g~ w

Bandwidth

a. Private network within a public network
Intranet b. Voice and video communication over the Internet
VPN c. Factor related to data transfer speed
VolP d. Private network composed of multiple LANs
WAN e. Network of users over large area

8. Why should a facility manager ask about the locations occupants call most often?

9. Which of the following statements about fiber optic cable is correct? (Choose one.)

() a

() b

() c

() d
© 2013 IFMA
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Fiber optic cable as less capacity but better quality than coaxial cable.

It is best used in short runs.

It cannot be used in areas where the potential is high for interference from
electromagnetic fields created by facility equipment.

It has fewer environmental effects than copper wiring or cable.
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10. Why does the number of users on a wireless facility system make a difference? (Choose one.)

()
()
()
()

a.
b.
C.

A large number of users reduces security.

Access to and quality of service can be limited by the number of users.

Access points operate most efficiently when the number of users is close to its maximum
capacity.

A larger number of users can help decrease system costs.

11. The owners of an office building are reluctant to invest in a wireless system for its tenants. List at
least two benefits the facility manager could offer to support the investment.

© 2013 IFMA
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Progress check answers

1. The four key developments in voice and data communication have been:
e Integration of voice, data and video networks
e Improvement of bit rates and capacities
e Internet protocol standardization that enabled VVolP
o  Wireless technology (p. 6-90)

2. c. Broadband connectivity has been eclipsed by Internet access. Networks have become more
integrated, rather than less. Both transmission rate and quality have improved. VPNs have not been
replaced by the Internet, but are facilitated over the Internet. (p. 6-91)

3. c(p.6-92)

4. d(p.6-92)

5. b(p.6-92)

6. a(p.6-92)

7. e(p.6-93)

8. If occupants frequently call globally, it may be more cost effective for the facility and IT to
implement VVolIP for occupants. An additional benefit would be the possibility of simultaneous video
and voice communication, which could support productivity. (p. 6-94)

9. d. Fiber optic places fewer burdens on the environment than wiring alternatives, and offers at least as
good performance. (p. 6-97)

10. b. The higher the number of users on a particular access point, the greater the chance users will
experience lower quality of service. Adding another access point would solve the problem, but it
would increase, not decrease, system costs. (p. 6-98)

11. Implementing a wireless system in the building could:

e Satisfy needs of tenants who rely on mobility within the facility.
e Increase the asset’s value.
e Attract tenants. (p. 6- 99)
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After completing this chapter, students will be able to:
o Describe facility management strategies for using new technology to support:

Occupant creativity and collaboration
Workplace mobility

e ————————

‘*’ Topic 1: Supporting Workplace Innovation

Keeper of the A/V
Cart

equipment

* Managing
equipment
reservations

* Maintaining A/V

» Document
+ Delivering and management
retrieving systems
equipment
G J G J . J

In the last half of the 20th century, the term business incubator was coined to
describe programs that promoted companies engaged in entrepreneurial
activity—the kinds of businesses that would stimulate economic growth
through new jobs and products and advance the economy through the
development of new technology. In a much less conceptual way, facilities are
business incubators as well. They provide a place that can stimulate creativity
and innovation and clear away some mundane obstacles to productivity.

Just as the task of operating building systems has changed over time and in pace
with technology, the role facility management plays in creating a workplace
that fosters productivity, collaboration and creativity has also evolved. As
Exhibit 6-32 shows, facility management may have started by providing
equipment, but it now participates with management and occupants to find and
implement tools that will help the organization achieve its strategic goals.

Exhibit 6-32: FM and Workplace Technology

Keeper of the
Overhead Projector

Manager of
Workplace
Technology Tools

* Smart rooms

* Telepresence

» Meeting facility
space and services

* Equipping meeting
rooms with screens
and projectors
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Facility managers were expected to acquire, maintain and distribute meeting or
presentation equipment—at first, film and slide projectors and later
transparency equipment and VCRs and monitors. The goals were sufficiency,
reasonable availability, and reliability. Sufficiency is no longer enough.
Today’s facility manager is expected to provide rooms already equipped with
state-of-the-art equipment that produce quality visuals and audio, telepresence
for video conferences and seamless integration of data from multiple sources.

The task of the facility manager now is to blend space and technology with
seeming effortlessness so that occupants can focus on the work at hand, rather
than on the distractions of the room they are in, how far apart the participants
may be and how clumsy the meeting tools may seem.

Tech n0|ogy Although this competency focuses on technology, it may be helpful to remember
and effective that good use of space is not driven by technology but by environments that
space support interaction and creative thought. Supporting the effective use of space

involves allocating space to meet both team and individual work, formal and
informal meetings, and different team styles.

What does this mean to facility managers?

o First, meeting spaces must be varied in size and levels of technology.

e Second, rooms must be equipped with technology appropriate to the space’s
purpose. Technology should support rather than encumber thought. A café
may need only wireless connectivity, while a formal meeting room may need
merged video, audio and data applications. A global project team may require
telepresence so that participants feel they are in the same place, while a small,
development team working face to face may need connectivity to data and
applications and the ability to project, discuss and revise ideas as they work.

e Third, the room should physically support the technology being deployed
there. Colors should be chosen with video in mind. Outside light and glare
must be controlled. Furnishings should contribute to comfort and the ability to
work, but also to better acoustics, softening room sound and insulating the
room from external sounds. They should also be easy to arrange.

o Fourth, meetings spaces must be equitably managed. IWMS applications can
be used to reserve meeting space on a first-come/first-served or team-priority
basis. Occupancy sensors can indicate when a space is available again, so that
the reservation system can update its availability. In addition to providing
greater transparency about the use of facility space, these systems can manage
chargebacks for space use—and for using the room beyond the reserved time
or for failing to cancel or canceling too late. They can also capture and store
data for analysis of space utilization.
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Workplace
technology

o Fifth, facility managers must remember to accommodate solo work needs as
well as team needs. Occupants’ workplace needs are discussed in more detail
in the Human Factors competency.

The general challenge of creating workspaces appropriate for a mobile workforce
is discussed further in the Human Factors competency.

Just as buildings are become “intelligent,” rooms are becoming “smart.” Smart
meeting rooms today minimally include:
e \oice, video and data connectivity so that meeting participants can easily
access and share information. This may include wireless connectivity.
¢ Video, audio and data conferencing capabilities.
o Digital projection systems.
¢ High-quality monitors that offer large but clear areas that can be viewed
from different angles.
o Efficient equipment placement and storage.
e Means to record and interact with team work. This may involve:
Copy boards that send anything written on the board to a printer.
Interactive whiteboards that are directly connected to computers.
Participants can project content from their computers, move and group
content, and save the marked up, revised content.
Room recording systems.
¢ Room control systems to manage the various technologies, sound and light
levels and window shades from one location.

Smart rooms can be built or implemented as turn-key operations from IT
manufacturers. The turn-key solution may help facility managers handle the
physical challenges of high-tech rooms—specifically, ensuring ample and
flexible power and data connections that avoid awkward wiring arrangements
that can trip participants.

‘*’ Topic 2: Supporting Workplace Mobility

© 2013 IFMA
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Chapter 1 described the current trend toward a more mobile workforce, and the
issue of accommodating mobility has recurred in discussions of
communications technology and space management. Perhaps one of the best
ways for facility managers to understand a mobile worker’s needs is to put
themselves in the worker’s place. The following case represents a hypothetical
experience in an organization that has adopted mobile work patterns.
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The Challenge of a Mobile Workforce

Imagine that you work primarily from home and on the road. Your home office is about three
hours away, and you spend at least three days a week traveling to client facilities and
working there. You come into headquarters about once a month. Your office is your laptop,
your tablet and your smartphone. And you need that smartphone. It has GPS, your contacts
list, your schedule. You probably receive a hundred calls, voice messages and texts from
clients each day. You also use it to follow several industry Twitter users and you yourself
send weekly tweets to clients about items of interest. But you also need that tablet. It makes
e-mail and data retrieval simpler. You have videos on it to show clients. You use it to update
your blog and monitor comments about the company on the social media.

It is your day to come to the headquarters facility. After your three-hour drive, your first
headquarters experience is a 15-minute drive around the campus, looking for a parking
space. After a hike to your building, you need to sign in and retrieve a visitor’s card. (The
organization decided for security reasons not to allow remote workers to keep a permanent
security card.) There’s a long line and another 15 minutes lost.

Next comes the process of finding a place to work. As luck would have it, everyone is
healthy, and no desks are unoccupied. You settle into a small conference room, but have to
leave almost immediately to accommodate a scheduled meeting. With some help from an
administrative assistant, you find an unoccupied space a couple of floors down from the
people you will be meeting and working with. The room is very dusty and cluttered; the
surfaces, including the telephone handset, are dirty and sticky. There are no locked drawers
in which you can store your things while you may be away from the room. You settle in
finally, and then discover that you have forgotten your power cord for the laptop and the
recharging cord for your tablet and phone. Before your phone dies completely, you forward
your calls to the phone at your desk. It is oddly quiet all morning. You find out later that all
your calls have been directed to the voice mailbox of someone who no longer works with
your organization.

Lunch time goes no better. You meet with a colleague with whom you try to discuss some
files, but you can’t get a wireless signal on the tablet.

Your afternoon meetings are a form of guerrilla warfare as you try to secure a room large
enough for all the attendees and alert attendees about the location. During the meetings you
are hampered somewhat by not being able to access the files you need. A paper-based
contract is lost in the workflow process and currently inaccessible. There is no video
projection system. Everyone must huddle around your tablet to watch a video.

Mercifully, the day ends. You wait in line to turn in your security card, sprint back to your car
and head home. With luck, you will have enough gas to get there. It would have been nice to
be able to recharge your hybrid during the day. You remember a comment from a co-worker
earlier in the day: “It must be so nice to work from home.” But you don’t always. And that’s
the problem.
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A mobile solution
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FM technology and practices can make this remote worker’s life considerably

easier.

¢ An IWMS could have allowed the worker to request a security badge and
appropriate office space before leaving home—and possibly a charging
site for the car. Appropriate meeting rooms could have been reserved
online as well.

e The worker could go to a parking page on the facility’s Web site and see,
in real time, where open spaces are.

e Logging into a kiosk would let the worker check in and learn where the
office is located.

o All hot desks could be equipped with docking and recharging stations for
the standard equipment supported by the organizations.

e Areas designated for hotelling could be included in janitorial schedules
and equipped with sanitary wipes so that occupants can clean surfaces.

e Mobile workers can be provided with the means to store their possessions
securely.

e Incoming calls to the worker can be automatically routed to the
employee’s computer via a softphone application.

e Cafeteria Wi-Fi would have made lunch more productive.

e Meeting rooms would be equipped with necessary technology.

o Paper files could have been scanned into and accessed from a document
management system.

It takes more than technology to meet stakeholder needs and support
organizational productivity. It takes empathy, imagination and knowledge.
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Progress Check Questions
Directions: Read each question and respond in the space provided. Answers and page references follow

the questions.

1. A facility manager is working with a designer to develop templates for meeting space throughout the
global organization. List at least three principles the facility manager should keep in mind during this

process.

2. Which of the following is true of an interactive whiteboard? (Choose one.)

()

()
()
)

a.

b.
C.
d

It can retrieve and display documents from a document management system.
It has voice and video capabilities.

It saves data entered on the board into a connected computer system.

It networks users globally in smart meeting rooms.

3. An organization relies heavily on collaborative teams that work together intently, often more than 12
hours a day, for periods up to a year. Then the team members are assigned to new projects and a new
team structure develops. To respond to this organizational process, facility management provides
ample large, open work areas with network connectivity and projection equipment. What else could
they do to support the teams? (Choose one.)

(

— N N

(
(
(
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a.

b.
C.
d

Implement a wireless network in the facility.

Implement policies to limit work hours.

Provide smart rooms with videoconferencing capability.

Remove voice communications from the work areas to decrease distractions.
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Progress check answers

1. Meeting rooms should:
e Accommodate groups of different sizes.
e Be equipped with technology appropriate to the room’s customary use.
e Support technology systems in terms of décor, layout and furnishings.
e Be equitably managed. (p. 6-105)

2. c. An interactive whiteboard in a smart meeting room is connected to a computer network that allows
users to add data from the computer to the whiteboard and to save on the computer system whatever
is written on the board, including changes that have been made to displayed data. (p. 6-106)

3. a. The teams could benefit from a wireless network in two ways. They could periodically move their
work to other areas in the facility, such as a cafeteria or outdoor courtyard, which would create a
diversion and possibly spur creativity. Second, by issuing employees wireless phones, the
organization would not have to reassign phone numbers as teams are redrawn. (p. 6-106)
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e ————————

After completing this chapter, students will be able to:

e Summarize reasons why facility technology projects fail.

e Explain the technology optimization process and its benefits.

o Identify challenges at each stage of the project management process from the perspective of a
technology project.

e —————————

‘*’ Topic 1. Optimizing Facility Technology Projects

Challenges in
implementing
new
technology
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Although technology usually comes packaged with the word “promising” on the
outside, what comes out of the box sometimes disappoints. The complaints vary.
A purchased system does not produce the time savings it promised. Integration is
never fully achieved. Some functionality is never taken advantage of because
users find the system too complex. Worst, a system comes on line, doesn’t work,
data is lost or corrupted and the organization cannot go back to the previous
system because it has been taken down and the database transferred to the new,
nonfunctioning system.

Why do some technology projects go well and others, that are just as well-
intentioned, go so wrong? Some of the following points are common to all
projects, and students are referred to the Project Management competency for
more information about this general process. However, successful technology
projects do share some common characteristics.

e Stakeholder buy-in is ensured. Technology projects are usually resource-
intensive. Those who will approve funding and those who will be affected by
the technology must be involved at an early stage. Their support is conditional
on their participation in envisioning what the proposed technology can do for
them and, if necessary, prioritizing “pain points.” Stakeholders include:

Management, who will need to see business cases that provide the costs,
advantages and risks associated with different options.

IT, who will want to know about the compliance of the proposed
technology with corporate standards.

Clients (e.g., occupants, line managers, suppliers). Their support is
needed as well.
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The project is aligned with organizational needs. Organizational need
should drive change, rather than the availability of new technology. And those
needs must be studied in sufficient depth to ensure that the selected
technology can support all the organization’s activities at the desired service
level.

The project’s requirements are realistically assessed. Optimism may be a
fine personality characteristic, but implementing a technology project requires
realism, even if this means increased resistance from the organization. A
realistic assessment of the process will prepare the organization for foreseen
and possible costs and inconveniences. A project must be adequately funded.

The organization is prepared for change. A facility manager must gauge
the organization’s ability to absorb the change in vision and processes that the
new technology implies. As with all changes, the ground must be prepared for
technological change. Management and occupants must be educated about the
effects of the change and motivated by possible benefits specific to their
needs. Some organizations will not be ready to make the change as envisioned
by the facility manager. The process may have to be broken down into smaller
steps so that the organization can gain confidence in the technology as well as
expertise required to use the technology.

Processes are analyzed and corrected before the project. Chapter 2
mentioned the problem of building automated systems on a platform of faulty
processes. Process analysis and improvement should occur before
implementing technology.

The project team communicates effectively. Project leaders must define
channels of communication and communication expectations. They must
ensure that team members are sharing, rather than hoarding or protecting,
project information. Good news must be circulated within the team and the
organization. Bad news must be shared, owned and mitigated. Breakdowns in
communication among team members can sabotage good technology.

The project schedule and budget are managed. The designated project
manager tracks milestones and budgets and communicates issues as quickly
as possible with stakeholders.

The project is well documented. Technology projects inevitably evolve as
more is learned about the technology’s capabilities and limitations and
adjustments needed to meet the project’s objectives. Every change must be
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documented. This is useful in evaluating the project, but understanding why
something was done in a certain way will also assist in maintaining and
upgrading the technology.

The implementation strategy is well planned and executed.
Implementation includes quality testing of data transferred or entered into the
new system. The transition to the new technology must be planned. Especially
if a process is critical, it is advisable to do a pilot test before cutting over.
Implementation also includes training of operators and users. The fact that a
process is being automated does not mean that those affected can be left
uninformed. New processes must also be supported through revision of
standard operating procedures (SOPs) and policies, if necessary.

Training needs are identified and addressed. The needs for new knowledge
and skill must be identified for each group involved in the new technology.
Technicians must be trained on how to use the technology, support personnel
must be educated about possible problems and solutions, and occupants
should be educated about how the technology will affect them. Occupant
expectations should be accurate.

The right metrics are chosen and used. Every project should end with
evaluation of results against objectives, but doing this requires that facility
managers begin the project with specific metrics related to anticipated
outcomes. These are quantifiable improvements in performance, such as:

A specific increase in meeting room utilization

A percentage decrease in energy bills or labor budgets

A time frame within which information is communicated

A specific improvement on an assessment

The technology optimization process, shown in Exhibit 6-33, is a way of ensuring
that new facility technology is implemented smoothly and to the satisfaction of all
those involved.

The model has eight steps:

1.

Identify stakeholder needs: Alignment of new technology with stakeholder
requirements, as discussed in Chapter 1.

Develop strategic technology plan: Ensuring plan is aligned with the
organization’s strategy and stakeholder needs, also discussed in Chapter 1.
Analyze process: Ensuring that the technology project is built around an
effective process that will meet user requirements.
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Exhibit 6-33: Technology Optimization Process

1. Identify
stakeholder
needs
2. Develop
8. Integrate strategic
technology technology
plan

7. Measure 3. Analyze
output process
4. Evaluate
6. Manage and select
technology technology

5. Implement
selection

4. Evaluate and select technology: Using various analytic tools, such as
SWOT (Strength/Weakness/Opportunity/Threat) analysis and cost
effectiveness analysis, to support sound choices.

5. Implement selection: Managing system configuration, database
population and system roll out.

6. Manage technology: Maintaining technology and documenting
changes.

7. Measure output: Assessing the use of the technology to produce desired
metrics in specific functions, such as space management or energy
management.

8. Integrate technology: Ensuring that the technology becomes part of the
organization’s enterprise management system, integrating technology
and enterprise databases and supporting integrated processes, such as
project and asset management.

Steps 3 through 6 represent the traditional activities involved in project
management. Topic 2 will focus on the types of challenges that occur in
each of these steps during technology projects.
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The rest of this chapter will focus on the remaining stages in this process,
which corresponds with the Plan, Do, Check, Act (PDCA) model (see Exhibit
6-34) introduced in the Project Management competency. Examples from
actual facility experiences with new technology projects are also included.

Define

The customer and project
manager mutually define the

project in terms of the following:

* The problem or opportunity

» Parameters: assumptions,

risks and constraints

The project purpose

» Objectives needed to meet
the purpose

* Project success criteria

Exhibit 6-34: Project Management Model

Act | Plan

The project manager | Project planning
corrects the project | generates indispensable
course as needed and | project decision tools that
incorporates approved | reduce uncertainty and
project changes into the || increase efficiency and
active project plan. | understanding for the chosen
team and all stakeholders.

Check | Do

The project manager | Team members execute
controls the | assigned activities based
coordination of tasks, | on scheduled start and
scope, schedule, costs, | end dates, applying
quality, teams, | specified funds, materials
communications, | and quality

Close

The project manager
formally closes the project
and gets sign-off after
determining:

That deliverables meet
requirements.

That contracts are fulfilled.
The variance from the
project plan.

Lessons learned and
necessary updates to
project processes and

risks and | workmanship to databases.
changes. | produce
deliverables.
Plan The planning process involves the gathering and analysis of information to

determine the best solution.

Technology needs A technology needs assessment can be a useful place to start. It is a good practice
assessment to perform a general technology assessment periodically. A general assessment
focuses on information such as:

© 2013 IFMA
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What applications are being used by facility management?

Have the applications been reviewed for conformity with standards by
IT? Besides avoiding technical problems, IT review may also help the
organization manage the acquisition of software licenses more
economically. Duplicate licenses and maintenances fees can be avoided.

Have the applications been maintained properly?

Avre they being used in accordance with licensing requirements?
Are the applications being underused, in terms of the number of licenses

purchased?
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e How well is each application fulfilling the function’s and organization’s
needs? Brief interviews with users and clients can help answer this question.

e Is the application adequate to meet the organization’s future plans and
anticipated facility changes?

To support a particular project, facility managers may have to use questionnaires,

focus groups, observation and interviews to gather information from those

involved or affected by the project:

e Management, who can discuss the organization’s strategy, the results of
SWOT analyses and strategic priorities

o Facility management clients—occupants who can describe the desired output
of the technology, their goals and limiting factors

e Users, such as technicians, who can suggest project criteria from an
operational perspective

As mentioned in Chapter 2, facility managers should also look outside their own
organizations to peers in other facilities. Facility tours can help facility managers
better define their needs and narrow their alternatives. They can also prevent a
project from proceeding too far down a dead end.

Because of their critical role in an enterprise, the cost of building and
maintaining data centers and the amount of energy they consume, data center
projects require special planning. Some organizations may choose to create
separate management for data centers, but in many organizations, FM works
with IT to ensure that the organization’s data center design, construction and
operation:

e Support optimal operation of the data center.

o Facilitate future upgrades and expansion.

e Support business continuity objectives in the event of disruptions.

The need for business continuity and the ability to provide uninterrupted data
availability have to be balanced against the cost of achieving resiliency. So
they must be designed to meet certain performance requirements and, before
they go online, be thoroughly tested under different scenarios to ensure the
desired level of reliability.

The complexity of infrastructure requirements for data centers is reflected in
standards developed by the Telecommunication Industry Association (TIA),
such as TIA-942-A and 568-C.
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The standards’ requirements address such issues as:
e Architecture.

e Electrical design.

e Cabling specifics.

e Storage specifics.

¢ Climate and lighting conditions.

o Energy efficiency.

e Protection against threats such as fire and flood.
e Security and control measures.

The Uptime® Institute’s data center tiering standard can support management
decision making about how much infrastructure the organization needs and can
afford. The standard defines four tiers, each distinguished by an increasing
level of resiliency and increasing infrastructure requirements. Each tier builds
successively on the basic requirements for a Tier 1 data center: dedicated space
with a cooling system that operates beyond normal business hours, a UPS and
a generator in case of extended power outages.

Exhibit 6-35 on the next page summarizes the design topologies of each tier
and the significance of the topology in terms of resiliency and operations. It
also provides an example of the type of organization for whom this tier would
be appropriate.

Tier assignments are only a general characterization, however. FM and IT
should be wary about contractors who promise to deliver a “Tier-X” data
center, or property sellers or lessors who claim a certain tier for an existing
data center. Actual certification evidence can provide substantiation for
claims.

FM must integrate the data center with facility processes and with the BAS.
From an operational perspective, the importance of effective system design
and maintenance in data centers cannot be overstated. Tier 11l and IV centers
rely on effective planned and preventive maintenance that reduces the
possibility of failure to near zero. Equipment and system maintenance and
upgrades must be planned in collaboration with IT. The BAS must be tested to
ensure that it generates alerts when needed, can track and document conditions
for future analysis, identify problematic trends in component and system
performance quickly, and can allow remote monitoring of conditions.
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Exhibit 6-35: Data Center Tier Descriptions

Tier Topology Performance Factor

I Single path of distribution for power and 99.67 percent site availability (28.8 hours of

cooling with no redundancy outage due to planned maintenance or failure
per year)

Example: Small home health-care company that uses computers to perform internal
processes and to host a passive online presence and facilitate e-mail

Il Single path with redundant critical power | 99.75 percent site availability (22 hours of
and cooling capacity components (e.g., outage due to planned maintenance or failure
extra UPS modules, chillers, generators) | per year)
Example: Online educational institution that uses IT to deliver materials and testing, maintain
student records, perform third-party billing and fulfill compliance requirements. Periodic
planned shutdowns are tolerable; frequent and prolonged unavailability is not.

i Multiple paths, only one active at the 99.98 percent site availability (1.6 hours
same time (as an alternate) with unplanned outage per year)
redundant components Concurrent maintenance is possible. (i.e., no

downtime for planned site maintenance)

Example: Legal firm with offices in multiple countries and time zones and an “around-the-
clock, seven days a week” need for data/service availability. Temporary or planned
unavailability can be managed, but risks financial penalties and loss of reputation.

v Multiple and independent paths, both 99.99 percent site availability (0.8 hours
active at the same time unplanned outage per year)
Redundant systems with redundant Concurrent maintenance is possible. (i.e., no
components (which, in some cases, may | downtime for planned site maintenance)
be installed in remote locations or. Fault tolerant (i.e., system can sustain an
included as a comprehensive service by | ynplanned event without disrupting users)
a vendor who accommodates multiple
clients in disaster recovery centers)
Example: Large, global financial services business whose employees and clients may need
to access account data and perform transactions at any time. Penalties for failure to perform
transactions within a narrow time frame are severe. Potential for financial loss is great if
information is not immediately available and transactions cannot be completed instantly.

Source: W. Pitt Turner, IV, John H. Seader, Vince Renaud and Kenneth G. Brill. “Tier Classifications

Define Site Structure Performance.” Uptime® Institute White Paper, 2008,
www.greenserverroom.org/Tier%20Classifications%20Define%20Site%20Infrastructure.pdf.

Business case To secure organizational resources in most instances, facility managers will

© 2013 IFMA

need to present a business case to senior management. Business cases are

discussed in more detail in the Project Management competency but generally

include:

e The project’s scope and objectives

e Overview of the process in question and identification of all associated and
dependent processes that may be affected by this project
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e Needs that the projects answers
e SWOT (Strength/Weakness/Opportunity/Threat) analysis of alternatives
identified
o Cost-effectiveness analysis, using a spreadsheet to compare various
options with each other and/or with the cost of not doing anything:
If necessary, “what if”” scenarios should be included—for example,
how will the project team respond if a significant new technology
becomes available during the project? How will this affect the costs
assessment?
If necessary, the analysis should include sensitivity factors to indicate
range in a value based on some uncertainty about the estimate used.
Recommended solution
Proposed next steps (implementation steps, schedules, budgets)
Proposed metrics for evaluation of the project’s effectiveness

PDCA case Three cases offered as examples by facility managers will be used in this topic
studies: Planning  tg j|justrate the application of the PDCA model to implementing a technology
project. They include:
¢ Implementation of a CMMS by an educational facility.
o Database creation for a preventive maintenance workflow in a research
facility.
e Implementation of a document tracking system in a law firm.

This first discussion of the case studies focuses on project planning.

PDCA Case Studies: Planning

CMSS implementation

The facility manager for a medical college campus identified specific shortcomings of the
existing workflow process that was hindering performance of both facility management and
the entire organization. Facility management could not access maintenance-related data in a
manner that would support analysis and decision making. Without data on maintenance costs:
e Budgets could not be accurately predicted for coming periods.

o Performance against the current budget could not be tracked.

e The performance of equipment and systems could not be completed.

The project team then began the process of compiling equipment-related data to define more
accurately the new system’s technical requirements. Users and clients of the current system
were interviewed in depth to establish present and future needs for the maintenance function.

The team then began to research CMMS options. Cost and SWOT analyses were performed
for different options.
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Database creation for a preventive maintenance workflow application

The facility manager for an 180,000 sq. ft. facility with four buildings, combining office and
labs, inherited an application that assigned preventive maintenance tasks to the facility’s
seven technicians. Sadly, equipment data had been entered sparingly into the system. No
equipment file contained all the information desired, nor was the data searchable. The goal
was to use internal staff to recreate a more effective database, one that would associate a
facility CAD drawing, an application database record, a file of additional information and an
equipment tag. This task is illustrated below.

Workflow
application

Equipment
identifier in

Facility CAD

image record information
system

Equipment Support

The project was assigned to a knowledgeable technician with support from an administrator
and other technicians. The plan was to proceed system by system (e.g., cooling, heating,
water), completing one building at a time.

Implementation of a document tracking system

A law firm occupies ten floors of an office building and operates as well four satellite office in
other parts of the country. The facility mailroom manages a large amount of correspondence
in the form of internal and external mail and courier packages passing between the firm and
its clients, experts, courts and adversaries and between the headquarters and satellite
offices. Since this is the law, those documents are highly significant: they affect litigation and
billing. A lost document is embarrassing for the firm and potentially expensive for clients.

FM then weighed the desire of legal staff to be able to work remotely on electronic documents
against the reality of the amount of work that would be required to scan existing and future
documents into a document management system. They decided a paperless system was a
good goal but not feasible now. Still, they did not want to make investments that would take
them further from this goal.

The next step was to quantify the costs of this “pain point” for the organization. This was
accomplished by tracking mailroom hours spent searching for lost files. A justifiable budget
could now be set and available products considered. FM met with vendors over a four-month
period, rejecting some because they were too expensive and others because they were more
appropriate for other industries. It was then discovered that the vendor for the firm’s filing
systems also sold a document tracking product that used bar codes. Managing partners,
operations managers and lawyers all met the prospective vendor, and when they were
satisfied, the project proceeded.
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During this project phase, budgets and timelines are created, and team
members are selected. Project leaders should use available project
management technology to develop, maintain and revise as needed budgets
and schedules and to share information among the team. Payment schedules
to vendors should be tied to meaningful and measurable project milestones.

Team management is critical. Team members should represent not only those
with technical expertise but clients who have a vested interest in the project’s
outcome. Sales representatives and technical consultants from vendors should
be part of the team as well, and the project leader must be alert to any
disagreements or inconsistent messages from these two members.

It is the project manager’s responsibility to ensure that all team members
remain engaged in the project and perform their responsibilities. This can be a
challenge when working with a virtual team on a global project. Regular
video or Web conferencing can support team interaction. This means that
project leaders must also be adept at running effective meetings. The
Communication competency addresses some of these issues.

Roles, responsibilities and decision making authority must be defined, as

should guidelines for:

e Communicating (e.g., what needs to be communicated in what time frame
and to whom, and what issues merit escalation).

e Conflict resolution.

e Change order.

e Documentation.

The team should also be prepared for succession issues, since technology
projects can span years. Documentation, such as a team charter, will help
enormously in ensuring continuity in team activities as team members
change.

A final point in this project phase: although team focus is directed intently at
the project’s goals, the team must remember that it is important to maintain
contact with the rest of the organization during this time. It is easy to
disappear, but during the team disappearance, clients may be forgetting what
the team is actually working hard on accomplishing and what it will
eventually mean to the clients and the organization. Periodic updates to those
affected by the project can help retain support and a better reception at
launch.
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PDCA case The three case study projects have proceeded into the next phase: defining and
studies: Doing refining processes and selecting technological solutions .

PDCA Case Studies: Doing

CMMS project

The alternatives considered for the medical school campus were a CMMS
integrated into an IWMS solution or a CMMS included in a maintenance service
RFP. The maintenance service vendor proved a less expensive and more flexible
option. The IWMS was robust but, given the cost, probably more than the
organization needed. Purchasing the CMMS as a service meant that the facility
would not be locked into a system that it was likely to outgrow quickly. Historical
data would be owned by the facility. The service provider would assume
responsibility for modifying the software to meet emerging facility needs. Based on
FM’s recommendation, senior management approved purchasing CMMS as a
service. The service provider worked together with its client to import data into the
system and to tailor it to the facility’s requirements.

Workflow application

The process the team developed to improve their workflow system database was

to:

e Update facility AutoCAD drawings to show blocks for each piece of equipment.

e Tag each block with a unique identifier in the system database.

e Print identifier tags to be placed on each piece of equipment and the
corresponding file folder containing the equipment manuals.

e Update the record by placing equipment data in the proper fields.

One of the challenges was to find parallel information for each piece of equipment.
For example, paper-based equipment folders did not always contain manuals,
which necessitated a Web search to find and download an equivalent document.

Document tracking system

FM worked together with the vendor to define the organization’s needs and
customize the off-the-shelf product. This required coordinating three key actors:
the mail room, legal administrators and the records library. For the project to work,
each member would have to create, attach and scan bar codes for all documents.
Documents would have to be scanned in as received within a certain time period.
Otherwise the system would issue an alert that a document had been lost. In
addition, the information to be included in the bar code had to be defined, and
printing and scanning equipment acquired. The facility team decided to implement
the system at the headquarters first, before rolling it out to the firm’s satellite
offices.
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Check Testing can help prevent launch or cutover disasters. When designing the
project, team members should look for ways to test components separately and
at earlier stages in development. The goal is to identify issues and possible
improvements in a dynamic manner during development.

PDCA case During this phase, the case study project teams focused on problem solving
studies: Checking  and testing to ensure a smooth rollout of the technology.

PDCA Case Studies: Checking

CMMS project

Evaluations of the project revealed two issues that were resolved before implementation:

o After data was entered into the CMMS database, additional equipment was identified
and had to be added to the plan.

e Tests of the user experience of the system outputs revealed the need for customer
work orders as an option in the system.

Workflow application

The project’'s completion was scheduled to occur in four stages, with completion of data
files for one building each quarter. The team agreed that files for all equipment would be
quality checked to ensure the accuracy and completeness of the new database. The
project stayed on schedule, with support from other members of the facility management
staff.

Document tracking system

In applying the new technology, the facility team uncovered several problems with the
previous document tracking process. To ensure that the process was optimized before
the new technology was introduced, the team formed a committee with representatives
from different departments who would be responsible for the implementation and support
of the system. The committee met weekly at first.

The physical aspects of the system were tested on a small number of cases that fairly
represented the type of documents and document paths seen in the organization. The
system appeared to work as promised by the vendor.

Act The Act phase includes providing training, launching the technology,
monitoring and evaluating its performance, and maintaining the technology
going forward.

Training and Training must be designed for the technology’s different audiences:
support e IT personnel, who may need to support the technology after launch
o Facility management technicians, who need to know how to use it and
where to turn for help. Technician training must take into account both
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information about the new system and current technician skills levels.
Does the new technology require skills the technicians generally lack?
How will that gap be addressed?

e Clients, who need to know not how the technology works but how they
interact with it—what actions they need to perform, what they should be
receiving and where to turn for help.

e Future audiences—newcomers to the facility who will require training on
the technology. Can the original training be repurposed for this audience?
Can training be offered at intervals or “just in time”? Can training be
accomplished through coaching or peer training?

The frequent use of the word “help” in the previous paragraph underscores the
need for planning this component of the new technology. Who will provide
support: the vendor, IT or facility management? How can support be accessed?
When will it be available?

Facility managers should choose a launch date with thought. It should be
realistic; repeated postponements will undermine the new technology’s
credibility with management and with clients. New technology should be
launched at a time of low stress for the organization. The launch date should be
avoid peak work periods (e.g., end-of-quarter reports), introductions of other
changes (e.g., installations of new equipment) or organizational events so that
attention must be parceled out among competing issues.

The facility manager should take advantage of all ways to announce the launch
of the new technology:

¢ Presentations to management and affected departments

o Facility newsletters

e Social media

For some projects it may make sense to communicate with professional
organizations, the public media (e.g., journalists covering local businesses or
the real estate market) and peers.

A system care process, including a maintenance contract with a vendor, must
be implemented. An organized user community/committee should be
established to support rapid report and resolution of issues and identify
opportunities for improving the technology.

After an appropriate time period, the technology should be evaluated to
determine whether it has delivered the promised value. Metrics identified in the
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business case and modified during development should be used, and a report
prepared for senior management. Clients and staff can be included in the
evaluation report in a more informal manner, through e-mails or regular staff
meetings.

Evaluation should also include another question: Is there anything here that
could be done better? The answers to that question bring the project full cycle,
as proposed improvements must be sold, developed, implemented and
evaluated.

Any changes—from small fixes to major revisions—must be documented as
defined in the appropriate SOP. This is the only way that the organization can
manage its knowledge over time and ensure that knowledge does not exit the
organization with an employee.

The case study projects have been implemented and the teams now focus on
maintaining and improving the use of the technology.

PDCA Case Studies: Acting

CMMS project

The launch went well, except for the fact that training sessions were much
larger than the team had anticipated. This meant that additional materials had
to be produced quickly, and trainers had to revise their presentation methods
on the spot. This could have compromised the quality of the training. The team
noted this experience for future projects.

The project was evaluated in terms of on-time delivery, end-user experience
and satisfaction, and the CMMS data entry process. Management liked the
automated scheduling of preventive and non-emergency tasks, the ability to
compile equipment histories and the flexible reporting features. For example,
the facility manager could identify maintenance costs by building, room or
piece of equipment. Technicians liked the fact that they could use
smartphones and laptops at the job site to scan in bar codes on equipment
and update status. Because the system monitored inventory levels and issued
alerts when supplies were running low, technicians were rarely delayed by not
having the right parts.

Workflow application

At the end of the year-long project, the team could celebrate its
accomplishment. Immediately, however, the team began to plan further
improvements to the system.
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Document tracking system

A launch date was announced, and the system was rolled out throughout the
organization. Almost immediately, problems were apparent. Bar codes were not
working properly, some offices were experiencing log jams of documents waiting to
be scanned in and out, and some attorneys were not as fully committed to the
process as the managing partners had been. The rollout was stopped, the process
reevaluated and the buy-in of all the attorneys and their administrators was
secured.

This experience in itself turned out to be a benefit. The facility team had learned
more about implementing complex processes that involved technology and human
beings. The people proved harder to control than the technology.

Another unexpected benefit was the improved understanding of the firm’s
stakeholders that facility management acquired in the course of their weekly
committee meetings. This strengthened working relationships and improved
productivity.

Evaluation of the project’s metrics was very encouraging. The number of missing
files, the most important metric, dropped dramatically—from 20 to 23 requests per
month for a missing file to only two or three requests. In addition, these searches
were accomplished much more quickly.

The organization decided that it would apply what had been learned to its satellite
offices so that it could expand the value of the technology to the entire organization.
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Progress Check Questions

Directions: Read each question and respond in the space provided. Answers and page references follow
the questions.

1. List at least three characteristics of an effective technology project.

2. Who can provide the best guidance concerning the implementation of a move management
application? (Choose one.)
( ) a Asystemvendor
( ) b. Senior management
() c. Facility management
( ) d. Department managers

3. Senior management must decide how to allocate resources for capital expenditures in the coming
three-year period. Facility management proposes an EMS, but senior managers are not convinced that
this is the best investment. How can facility management best persuade the C suite to invest in the
EMS? (Choose one.)

() a Explain the benefits of an EMS in a presentation to senior management.
() b. Perform a cost-benefit analysis of EMS and no-EMS scenarios.

() c. PerformaSWOT analysis of possible alternatives.

() d. Take senior management on a tour of facilities equipped with EMS.

4. What is the best reason for developing a project team charter and record of team decisions in a
technology project? (Choose one.)
( ) a Succession planning
() b. Control of project scope creep
() c. Conflictresolution
( ) d. Compliance

5. A cross-functional team, led by facility management, has implemented new technology to support more
efficient move management, tested it in one department, trained all occupants in new SOPs concerning
moves and the new software system, and rolled the new technology out to the entire organization. Within
three months, several departments found the system did not answer their needs and were refusing to use
the new system. How could this project have been implemented more effectively? (Choose one.)

( ) a Bychoosing a different software vendor.

() Db. By enlisting senior management support in bringing the rebellious departments into line.
() c. Byincluding representatives from all departments in the technology’s implementation.

( ) d. By testing the new technology and process in a greater number of departments.
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6. Inthe move management project described in the previous question, what would have been
appropriate metrics to evaluate the project’s success? List at least three possible metrics.
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Progress check answers

1.

Characteristics of an effective technology project include ensured stakeholder buy-in; alignment with
organizational needs and priorities; realistic assessment of the task and its requirements; an
organization prepared and ready for the change; a foundation built on good processes; effective team
communication; management of budget and schedule; good project documentation; well-planned
implementation strategy; a plan for training included; use of appropriate metrics to evaluate results.
(p. 6-111)

d. The best guidance will come from users in this case. Senior management can provide parameters,
facility management can provide project structure and facilitate implementation, and vendors can
provide expertise, but only the users know what they will have to do and the conditions under which
it must operate effectively. (p. 6-112)

b. The best answer to management’s question would be to quantify the cost savings of an EMS by
projecting best estimates of energy costs with an EMS over a particular time period, and then
comparing this with projected energy costs over the same period. (p. 6-118)

a. A charter that describes team roles and a historical record of what decisions were made and why
they were made will produce a faster and more seamless transition for new team members. (p. 6-
121)

d. The new system should have been tested in more than one department, since departments may
vary in their practices and needs. Including every department on the team would have been
impractical, but including the largest and most important (from the organization’s point of view)
would have been wise. (p. 6-123)

Possible metrics for this project might include on-schedule delivery, alignment with budget, user
satisfaction, reduction in costs associated with moves, reduction in time needed to implement moves
and reduction in furniture to be moved (p. 6-124).

Next Steps

You have completed this competency of the IFMA Facility Management Learning
System. Next, check your understanding by completing the online competency-
specific chapter quizzes and case study to help you identify any concepts that need
additional study. Check your understanding another way by selecting the
competency-specific eFlashcards, or visit the Resource Center to download
printable flashcards. Then try applying the knowledge you have gained by
completing the online case-study exercises.

Complete the post-test to check your understanding, and refer to the post-test
report to determine competencies you may need to review. Repeat the post-test
review process until you earn a post-test score of 80 percent or more. Each time
you re-take the post-test, a new attempt is recorded in the system.

(continued on next page)
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Next Steps, continued

When you have earned a post-test score of 80 percent or more, try the “Experience the
Exam” practice test. This online test simulates the interface of the actual CFM Exam. It is
designed as a final preparation prior to sitting for your CFM Exam. The Resource Center
also includes test-taking tips to help you prepare.

Once you have completed all of the interactive online study tools and achieved your
passing post-test score, you can print a Certificate of Completion for the learning system.

Please take a few moments to complete the short evaluation form available from the
Resource Center. Your opinions will be used to help us improve the program for you and
our future customers.
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Cumulative Course Index

Note: The page numbers used in this index include the number of the book in the Facility Management
Learning System, for example, page 2-48 refers to page 48 of Book 2.

A

ABB (activity-based budgeting), 2-185-2-186
abbreviations, in business writing, 1-76
acceptance risk management strategy, 2-285
access control, and bar codes, 6-82
accountabilities, clarifying/communicating, 3-239-3-
240

job design/descriptions, 3-240-3-243

level of accountability, 3-240

performance evaluations, 3-244-3-245

work coordination, 3-243-3-244
accounting, 2-149

accrual basis, 2-149, 2-189

cash basis, 2-188

cycle, 2-168-2-169

double-entry, 2-164-2-167

financial, 2-154-2-155

in leases, 5-230

management, 2-152, 2-154-2-157

principles for financial statements, 2-169

records, 2-159-2-164

single-entry, 2-167

standards, 2-157-2-159
accounts, chart of, 2-149, 2-159-2-162
accrual basis accounting, 2-149, 2-189
accumulation, cost, 2-230
acid-test ratio, 2-235
acoustical comfort of occupants, 2-105-2-107
acquisition

of space, 4-187-4-189

of systems, materials, equipment, 4-44—4-49

of team/resources. See team/resources, acquiring
acronyms, in business writing, 1-76-1-77
Acting phase

of strategy life-cycle model, 3-178-3-181

of sustainability plan development, 2-26, 2-30-2-31
active fire protection measures, 4-22
active listening, 1-27-1-31
active voice in writing, 1-63-1-64
activity-based budgeting, 2-185-2-186
activity-based costing, 2-231, 2-232
adjacency diagrams, 4-177-4-178, 5-203
adjourning stage in team life-cycle model, 3-227
adjustment, as part of preventive maintenance, 4-54
ADR (alternative dispute resolution), 2-291-2-293
after-action report, in emergency management, 1-198
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age exploration, 4-59
age of property development, 5-153-5-154
AIDC (automatic identification and data capture), 6-
80-6-86
air pollution, and indoor air quality, 2-97
allocation, cost, 2-231
alterations
clauses in leases, 5-225
and occupant services, 4-85-4-86
alternative dispute resolution, 2-291-2-293
alternative work strategies, 3-48-3-50
American National Standards Institute, 5-22-5-23
American Society for Testing and Materials (ASTM
International), 5-23, 5-162, 5-204, 5-241
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, 5-23, 5-162
amortization, 2-149
Analysis phase
of strategy life-cycle model. See strategic
planning process, developing and
implementing
of sustainability plan development, 2-26, 2-27-2-29
annual review of business continuity/emergency
preparedness plans, 1-256-1-260
annual work plan, 2-177-2-180
annuity, and investment analysis, 5-147
ANSI (American National Standards Institute), 5-22—
5-23
appearance inspections, 4-71
appliances
energy-efficient, 2-68
water-efficient, 2-80
approvals, and real estate due diligence, 5-213
arbitration, 2-292
ASHRAE (American Society of Heating,
Refrigerating, and Air-Conditioning Engineers), 5-
23, 5-162
as-is process maps, 5-121
assembly areas, in emergency management, 1-202
assessment centers, 3-98
asset life-cycle model for total cost of ownership, 3-165
asset(s), 2-149
in balance sheet, 2-197
capital, 2-149, 2-181
in chart of accounts, 2-160
disposal, 4-74-4-75
fixed, 2-151
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asset(s) (continued)
future purchases, recommending, 4-126
intangible, 2-152
life cycle of, 3-165, 4-45-4-46
liquid, 2-152
net, in chart of accounts, 2-160
useful life, 4-116-4-119
asset management
and bar codes, 6-81
and geospatial information systems, 6-78
and integrated workplace management systems,
6-56-6-57
and radio frequency identification, 6-85
ratios, 2-235-2-236
assignable area, 4-174, 5-224
assignment
cost, 2-231
as lease exit strategy, 5-232-5-233
assignments, 3-225
association, measures of, 5-62-5-63
ASTM International, 5-23, 5-162, 5-204, 5-241
audio conferencing, 1-46
audited financial statements, 2-193-2-194
auditory learning style, 1-93, 1-94
audits, 5-8, 5-127-5-130
of business continuity/emergency preparedness
plans, 1-256-1-260
energy, 2-67
authoritative budget approach, 2-173-2-174
authority, delegation of, in emergency management,
1-198
automated technology, 6-35-6-37. See also building
technology
automatic identification and data capture, 6-80—6-86
automation
and maintenance workflow, 4-66—4-67

and operation of building systems/equipment, 4-69

autonomy, 3-242

average inventory turnover, 2-236

avoidance risk management strategy, 1-178, 1-186-1-
187, 2-285

AWP (annual work plan), 2-177-2-180

B

backward pass scheduling, 4-197
BACS (building automation and control systems), 2-
67-2-68, 6-33, 6-37—6-44
balance sheet, 2-149, 2-197-2-200
balance, trial, 2-153
balanced scorecard, 3-148, 3-151-3-154, 3-173-3-
174, 4-124, 4-282
outcome measures, 3-152
performance drivers, 3-152
perspectives of, 3-153-3-154
sustainability version of, 2-54-2-55

bandwidth, 6-92
bankruptcy clauses in leases, 5-223
bar codes, 6-80—6-83, 6-86
BARS (behaviorally anchored rating scales), 3-245
BAS (building automation systems), 2-67—-2-68, 6-
33, 6-37-6-44
base rent method of service charge allocation, 5-219
behavior
employee-centered (consideration), 3-193
in Hersey-Blanchard situational leadership
theory, 3-194
individual, 3-189
job-oriented (initiating structure), 3-193
and teams, 3-230-3-232
behavioral leadership theories, 3-194-3-195
behavioral/objective methods of performance
appraisal, 3-113
behavioral scales, 3-113
behavioral theories, 3-193, 3-194-3-195
behaviorally anchored rating scales, 3-245
benchmarking, 4-208, 5-8
and business case, 2-215
competitive, 5-32
functional, 5-32
generic, 5-32
internal, 5-32
and quality, 5-31-5-38
and space measurement, 5-204-5-206
best practices, 3-202, 4-105, 5-8, 5-29
best value, 2-213
BIA (business impact analysis), 1-176-1-178
bid bond, 4-226
bidding documents, 4-239-4-242
bilateral contracts, 2-262
BIM (building information modeling), 6-65-6-72
biomass systems, 2-70
Blake-Mouton Managerial Grid, 3-194-3-195
blanket purchase orders, 2-265
block diagrams, 5-204
blocking plans, 5-204
blogs (Web logs), 1-46, 1-135
BMS (building management systems), 2-67—2-68, 6-
33, 6-37-6-44
BOMA (Building Owners and Managers
Association), 5-24-5-25, 5-162, 5-204-5-205
bonds, 4-226-4-227
book readers, 1-46
BPA (business process analysis), 1-174-1-176
BPOs (blanket purchase orders), 2-265
brainstorming, 3-159, 3-165, 3-229
“branding,” 3-11-3-12
BREEAM (Building Research Establishment
Environmental Assessment Method) certification,
2-53
broadband, 6-91
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BRI (building-related illness), 3-27 building systems (continued)
British quality standards, 5-23 heating, ventilation and air conditioning systems,
BSC. See balanced scorecard 2-63-2-64, 4-25-4-27
bubble diagrams, 3-164, 4-177-4-178, 5-203-5-204 lighting, 2-64-2-65, 3-28-3-29, 3-32, 4-20
budget(s), 2-149 plumbing systems, 2-65-2-66, 4-23-4-25
capital, 2-149, 2-181-2-182 safety/security systems, 4-29-4-30
closeout, 2-188-2-189 transport systems, 2-65, 4-20-4-22
controlling, 4-252-4-253 building technology
expense projections, 2-183 automatic identification and data capture, 6-80—
master project, 4-206-4-207 6-86
monitoring, 2-186-2-188 building automation systems, 2-67-2-68, 6-33,
operating, 2-152, 2-176-2-180 6-37-6-44
periods, 2-184 building imaging, 6-72-6-75
in project management plan, 4-205-4-207, 4-215 building information modeling, 6-65-6-72
revenue projections, 2-182-2-183 energy management systems, 6-44-6-48
budget constraint assessments, 3-162 evolution of, 6-32-6-34
budgeting, 2-172-2-176, 2-186-2-188 geospatial information systems, 6-75-6-80
activity-based, 2-185-2-186 integrated workplace management systems, 6-
fixed, 2-183-2-184 48-6-60
incremental, 2-151, 2-185 See also automated technology
multinational considerations, 2-189 building-related illness, 3-27
state/cross-border, 2-190 built environment, sustainability in, 2-4
variable, 2-183-2-184 bulleted lists, used in business writing, 1-69-1-70
zero-based, 2-153, 2-185 business, 2-145, 2-147-2-148
building automation and control systems, 2-67—2-68, business cases, 2-210-2-211, 3-180, 4-162, 4-179, 6-
6-33, 6-37-6-44 118-6-119
building automation systems, 2-67-2-68, 6-33, 6-37— components of, 2-211-2-212
6-44 costs/benefits, quantifying, 2-213
building certification systems, 2-52—2-54 sample, 2-222-2-226
building deficiencies in facility condition business continuity, 1-140, 1-211-1-212, 1-239-1-
assessments, 5-177 240, 1-241, 1-255-1-256
building envelope, 2-61, 4-15 backup sites, 1-213-1-215
building evaluation, 4-188—4-189 benefits of, 1-146-1-147
building imaging, 6-72-6-75 contingency strategies, 1-212-1-216
building information modeling, 6-65-6-72 continuity requirements analysis, 1-213
building infrastructure, 4-4 data/document continuity, 1-216-1-217
building interiors, and indoor air quality, 2-98, 4-35— evaluation of programs, 1-256-1-260
4-36 facility manager role, 1-139, 1-144-1-146, 1-
building management systems, 2-67-2-68, 6-33, 6- 242,1-247-1-248
37-6-44 and geospatial information systems, 6-79
Building Owners and Managers Association model, 1-153-1-156
standards, 5-24-5-25, 5-162, 5-204-5-205 planning, 1-140, 1-148, 1-196-1-197, 1-218-1-222
building rating systems, 2-52-2-54, 5-26-5-27 purpose of, 1-142-1-143
Building Research Establishment Environmental recovery/reconstitution, 1-217, 1-244-1-248
Assessment Method (BREEAM) certification, 2-53 and stakeholders, 1-143-1-144
building structures, 4-11 strategic alignment of, 1-151-1-152
deficiencies in, 4-12, 4-13 terminology, 1-140
elements of, 4-11-4-14 training/testing, 1-226-1-236
foundations, 4-13-4-14 See also risk management
health/safety considerations, 4-15 business impact analysis, 1-176-1-178
building systems, 4-19-4-20 business letters, 1-86-1-88
electrical systems, 2-65, 4-27-4-28 business life cycle, 5-138-5-140
electronic communications/information business plans, 1-89-1-91
technology systems, 4-28-4-29 business portals, 1-46
energy use of, 2-62-2-66 business process analysis, 1-174-1-176
fire suppression systems, 4-22—4-23 business unit strategic planning, 3-141-3-142
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business writing. See writing

buy/build/expand/renovate analysis, 3-170

buy-in/approval, in developing strategic facility
plan/facility master plan, 3-175-3-176

C

campus plans, 3-142
capacity assessments, 3-162
capital assets, 2-149, 2-181
capital budget, 2-149, 2-181-2-182
capital expenditures, 2-181, 2-216
capital investments, 2-215
analysis, 2-217-2-221
and capital expenditures, 2-216
and operations expenses, 2-215
and risk, 2-221-2-222
and time value of money, 2-216-2-217
capital plan, 2-208-2-209
capital, working, 2-153, 2-198
capitalization
VS. expense, 2-205
rates, 5-164-5-165
carbon footprint, 2-46-2-47
carbon intensity, 2-47
carbon trading, 2-75-2-76
career development, 3-100-3-101
cartels, 2-271
CASBEE (Comprehensive Assessment System for
Built Environment Efficiency) certification, 2-53
cash basis accounting, 2-188
cash flow(s), 2-149
forecasting, 2-206-2-208
and investment analysis, 5-146
statement of, 2-153, 2-201-2-202
category rating methods of performance appraisal, 3-
112
cause-and-effect diagrams, 5-39, 5-46-5-47, 5-53
CEN (European Committee for Standardization), 5-
24, 5-31, 5-33, 5-35-5-36
central tendency, measures of, 5-59-5-60
centralization, 3-219
certificate of occupancy, 4-274
chain of command, 1-198, 1-199-1-201, 3-219-3-220
change, 3-14
acceptance, stages of, 3-204-3-205
in facility management contracts, 2-288-2-289
management, 3-202, 3-203-3-205
orders, 4-215, 4-219, 4-225, 4-263-4-266
process, in developing strategic facility
plan/facility master plan, 3-174-3-175
resistance to, 1-18, 3-15
supporting, 3-16-3-18
chargebacks, 2-149, 2-242-2-244
charismatic leadership, 3-206
chart of accounts, 2-149, 2-159-2-162
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check sheets, 5-39, 5-45-5-46, 5-53
check-in, in emergency management, 1-198
checklist review, of final deliverables, 4-273
checklists
in performance assessment/appraisal, 3-112
quality, 4-208
churn rate, 3-222
CI (continuous improvement), 3-202-3-203, 5-8
circulation factor, 4-174
cleaning
and indoor air quality, 2-101-2-102
noncustodial, 4-54
cleanliness of workplace, 3-30-3-31, 3-33
clichés, in business writing, 1-78
close-ended questions, 1-32, 5-91-5-92
closeout
of budgets, 2-188-2-189
of contracts, 2-280-2-281, 4-275-4-278
of projects. See project closeout
closing fiscal period, 2-149
closing projects. See project closeout
cloud computing, 1-46, 6-18-6-19
CM (construction management) at-risk contracts, 4-222
CMMS (computerized maintenance management
systems), 4-52-4-53, 4-67
CO, emissions, measuring, 2-46-2-47
code compliance
in leases, 5-223
and real estate due diligence, 5-213
Code of Ethics, IFMA, 3-256-3-258
codes, 4-7-4-8, 4-165-4-166, 5-8, 5-28
codes of conduct, 3-253-3-254
enforcement, 3-254
ethical leadership, 3-255-3-256
ethics, 3-254-3-255
IFMA Code of Ethics, 3-256-3-258
collaborative workplaces, 3-43
collusion, 2-270
Color Rendering Index, 2-104
combined iterative budget approach, 2-173-2-174
comfort, occupant. See occupant comfort; see also
occupant needs
command
chain of, in emergency management, 1-198, 1-
199-1-201
post, in emergency management, 1-198, 1-201
unity of, in emergency management, 1-199
commissioning, 2-66, 4-49-4-50, 4-274
common area maintenance clauses in leases, 5-223—
5-224
common cause variation, 5-8, 5-111
communication, 1-7-1-10, 1-11-1-12, 3-217
active listening, 1-27-1-31
barriers to, 1-17-1-20
channels, 1-16-1-17
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communication (continued)
“Cs” of, 1-23
and community relations, 1-8
cross-cultural, 1-19, 1-33-1-44
downward, 1-16-1-17
effective, 1-20-1-24
efficient, 1-24
electronic, 1-44-1-49
in emergencies, 1-207-1-210
facility management communication plans, 1-
126-1-132
facility manager role, 1-7, 1-8
formal, 1-14
forms of, 1-13-1-16
“grapevine,” 1-14-1-16
informal, 1-14-1-16
lateral, 1-16-1-17
management, 4-209-4-211, 4-215
networks, 3-229-3-230
nonverbal, 1-25-1-27
and organizational culture, 1-8
and organizational structure, 1-8
and privacy in workplace, 1-49-1-51
process, 1-12-1-13
in project execution/control, 4-256-4-258
protocols, 1-37
questioning, 1-31-1-33
redundant systems, 1-209
situation-appropriate media, 1-133-1-136
stakeholder expectation, 1-125-1-126
styles, 1-37
technology, 1-8, 6-20, 6-90-6-100
and union/work council environment, 1-8
upward, 1-16-1-17
and vendor/supplier relations, 1-8-1-9
See also business plans; copyright; e-mail;
influence; letters; meetings; memos;
negotiation; persuasion; presentations; reports;
writing
community relations and communication, 1-8
comparability, and generally accepted accounting
principles, 2-158
comparative methods of performance appraisal, 3-
112
competency assessments, 3-162
competition, economic, and technology, 6-12
competitive benchmarking, 5-32
complaint management, 5-83-5-85
compliance, 3-6-3-7
composting, 2-125
Comprehensive Assessment System for Built
Environment Efficiency (CASBEE) certification,
2-53
computer avatars, 1-46
computerized maintenance management systems, 4-
52-4-53, 4-67

6-166

condition, and real estate due diligence, 5-213
conduct, codes of. See codes of conduct
conflict(s)
attitudes toward, 1-37
constructive vs. dysfunctional, 2-290-2-291, 3-247
forwarding, 3-249
levels of, 3-248
negotiation techniques, 3-248-3-249
resolution, 3-245-3-249, 4-261
root causes of, 3-246-3-248
and situational leadership, 3-248
conformance standards, 5-21
consensus standards, 5-21
consideration (employee-centered behavior), 3-193
consistency, and generally accepted accounting
principles, 2-158
constraints in projects, 4-163
construction contract documents, 4-191
construction drawings, 4-191
construction management at-risk contracts, 4-222
construction management contracts, 4-221
construction, waste reduction in, 2-127-2-129
constructive vs. dysfunctional conflict, 2-290-2-291,
3-247
containment, cost, 2-240-2-242
contaminants and air quality, 4-35-4-36
contingency strategies, 1-212-1-216
contingency theories, 3-195-3-196
contingent equipment, 1-215
contingent services, 1-215
contingent workforce, 1-215
contingent workplaces, 1-213-1-215
continual improvement. See continuous improvement
continuous commissioning, 2-67, 4-50
continuous improvement, 3-202—-3-203, 5-8, 5-107—
5-110
contract(s), 2-261-2-263
administration, 2-273-2-281, 4-261-4-263
bilateral, 2-262
closeout, 2-280-2-281, 4-275-4-278
conflicts, 2-290-2-293
construction management (CM) at-risk, 4-222
cost reimbursement, 2-265-2-266, 4-220
design-bid-build, 4-221
design-build, 4-221
details of, 4-223-4-229
dispute resolution, 2-291-2-293, 4-106-4-108
duration, 2-287
examining elements of, 2-289-2-290
express, 2-262
fixed price, 2-265, 2-286-2-287, 4-220
fraud in, 2-269-2-273
IDQLI (indefinite delivery quantity, line item),
2-266
implied, 2-262
indefinite delivery quantity, line item, 2-266
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contract(s) (continued)
indemnification, 4-229
insurance coverage, 4-227-4-228
legal/expert review, 4-225
licensing, 4-227
mechanisms, 2-263-2-267
monitoring, 2-274-2-280
multiple prime contracts approach, 4-221-4-222
national buy, 2-266-2-267
negotiating, 4-244
nondisclosure agreements, 4-229
non-typical contractual relationships, 4-228
non-typical materials/installation methods, 4-229
not-in-contract items, 4-228
period of performance, 4-225
preparation, 4-96-4-97
project management (PM) at-risk, 4-222
purchase orders, 2-264-2-265
renewal options, 2-287
risk management, 2-281-2-290
service, 2-275
service level agreements, 2-277-2-279
service specifications, 2-275-2-277, 2-278-2-
279
signed, 4-245
standardized, 4-224-4-225
terminology, 4-225-4-226
terms, 2-267-2-269
time, 4-225
unenforceable, 2-262
unilateral, 2-262
void, 2-262
voidable, 2-262
contracting, 4-93, 4-94-4-96
determining activities to contract for, 4-93-4-94
feedback, 4-105-4-106
incentives, 4-104
control charts, 5-39, 5-49-5-50, 5-53
control/reduce risk management strategy, 2-285
controlling, 3-187
coordination, and project management, 4-140
copying/printing services, 2-111
copyright, 1-117-1-120
COQ (cost of quality), 4-208
core and service area, 4-173
core and service area factor, 4-174
core building systems. See building systems
corporate social responsibility, 3-265-3-269
corrective maintenance, 4-56
correlation, 5-62
cost(s), 2-150, 2-227
accumulation, 2-230
allocation, 2-231
assignment, 2-231
containment, 2-240-2-242
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cost(s) (continued)
controlling, 4-252—4-253
decision making, use in, 2-231-2-234
differential, 2-232, 2-234
direct, 2-229
drivers, 2-228
fixed, 2-151, 2-183-2-184, 2-228-2-229
first, 2-36-2-37
future, 2-36-2-37
indirect, 2-229-2-230
initial, 2-36-2-37
measurement systems, 2-230-2-231
mixed, 2-229
object, 2-228, 2-229-2-230
opportunity, 2-153, 2-232-2-233, 2-234
pool, 2-228-2-229
of quality, 4-208
relevant range, 2-228
sunk, 2-233, 2-234
total, 2-229
tracing, 2-231
unit, 2-231
variable, 2-153, 2-184, 2-227-2-228
cost center, 2-150
cost estimates, in project management plan, 4-204—4-
205, 4-215
cost model of service charge allocation, 5-219
cost of operation, 2-150
cost of ownership, 2-150
cost reimbursement contracts, 2-265-2-266, 4-220
cost-benefit analysis, 2-150, 4-208
costing
activity-based, 2-231, 2-232
and pricing options in facility management
contracts, 2-286—2-287
traditional, 2-231, 2-232
CPM (critical path method), 4-200-4-202, 4-203
credit, 2-150
creditor, 2-150
CRI (Color Rendering Index), 2-104
crisis management, 1-148, 1-149
critical assets, 1-171
critical path method, 4-200-4-202, 4-203
critical path scheduling, 4-197
critical processes, 1-172-1-176
cross-border benchmarking/budgeting, 2-190
cross-charging (chargebacks), 2-149, 2-242-2-244
cross-cultural communication, 1-19, 1-33-1-44
cross-functional process maps, 5-122
cross-training, 3-99
CSR (corporate social responsibility), 3-265-3-269
cultural diversity, 1-36-1-39
currency conversion factor, 2-150
currency fluctuations, and real estate, 5-167
current ratio, 2-235
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customer feedback
acting on, 5-106-5-112
analyzing, 5-101-5-104
communicating results, 5-104-5-106
customer focus, 5-8
customer needs, and real estate due diligence, 5-211
customer perspective of balanced scorecard, 3-153—
3-154
customer relationship management, 3-259, 3-260-3-262
customer satisfaction, 5-8, 5-80, 5-81, 5-83-5-101
customer segmentation, 5-8
customer service, 5-9
customer, voice of, 5-10
customer-driven FM model, 3-223
cyclical market conditions, and real estate/property
management, 5-154-5-155

D

damage assessment, 1-242—1-244
damages, insurance for, 1-243-1-244
data
continuity, 1-216-1-217
qualitative, 5-81-5-82
quantitative, 5-82
reliability of, 5-82-5-83
validity of, 5-82-5-83
data center infrastructure, 6-116—6-118
data exchange standards, 5-24
DCF (discounted cash flow analysis), 5-148-5-149
DCV (demand-controlled ventilation), 2-63, 6-39
debit, 2-150
debtor, 2-150
decentralization, 3-219
decision-making processes in teams, 3-229
decline phase in business life cycle, 5-139, 5-140
decommissioning, 5-236-5-237
deed, and real estate due diligence, 5-213
defect repair/validation, 4-273
degradation curves, 4-116-4-117
delegation
of authority, in emergency management, 1-198
in organizational development, 3-201
deliverables, 4-168
accepting, 4-270-4-275
checklist review of, 4-273
designing, 4-186-4-191
in project execution/control, 4-249-4-250
Delphi technique, 3-229
demand management, 6-47-6-48
demand response, 2-73, 6-48
demand-controlled ventilation, 2-63, 6-39
Deming, Edwards W., 5-6
demised property clauses in leases, 5-224
demographic changes
and technology, 6-14
and workplace design, 3-44
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deployment charts, 5-44, 5-122
depreciation, 2-150, 2-203-2-205
descriptive statistics, 5-59-5-63
design/engineering construction document/drawings,
4-214
design/engineering firms, contracting with, 4-189
design process, 4-190-4-191
design-bid-build contracts, 4-221
design-build contracts, 4-221
detailed flowcharts, 5-44
dialects, and communication, 1-18
differential costs, 2-232, 2-234
digital subscriber line, 6-92
direct costs, 2-229
direct negotiation vs. open tender/bidding, 4-237
disaster recovery planning, 1-140
disclosure, attitudes toward, 1-37
discount rate, 2-37-2-38, 2-150, 5-147
discounted cash flow analysis, 5-148-5-149
discounted methods of investment analysis, 5-147
disposal
of assets, 4-74-4-75
of hazardous materials, 2-135
of waste, 2-124-2-125, 4-74-4-75
dispute resolution, 2-291-2-293, 4-106-4-108
distractions, as barrier to communication, 1-17
distributed workspace, 3-48-3-50
diversification phase in business life cycle, 5-139, 5-
140
diversity, 3-125-3-133
aligning policies/practices with, 3-129
and compliance with laws/regulations, 3-129
cultural, 1-36-1-39
generational, 1-18
and learning style, 3-125-3-126
and recruitment, 3-132
and retention, 3-132-3-133
and social style, 3-126
and training, 3-131-3-132
divestiture of real estate, 5-209, 5-234-5-237
DMAIC model, six sigma, 5-56-5-59
document
continuity, 1-216-1-217
management, 2-112
documentation of installed systems, materials,
equipment, 4-51-4-53
double net lease, 5-221
double-entry accounting, 2-150, 2-164-2-167
downward communication, 1-16-1-17
drills, use in training/testing for emergency
preparedness/business continuity, 1-231, 1-232, 1-
233-1-235
drive-away kits, and business continuity, 1-220-1-
221
DSL (digital subscriber line), 6-92
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due diligence
for real estate, 5-210-5-214
for space management, 5-198, 5-199
duration, and investment analysis, 5-146-5-147
duty cycling, and building automation systems, 6-39
dysfunctional vs. constructive conflict, 2-290-2-291,
3-247

E

EAC (equivalent annual cost), 2-151
earned value analysis, 4-249
earnings before interest and taxes, 2-150
earnings before interest, tax, depreciation and
amortization, 2-150
earthworks, 4-37
EBIT (earnings before interest and taxes), 2-150
EBITDA (earnings before interest, tax, depreciation
and amortization, 2-150
economic conditions, and real estate due diligence, 5-
211
economic cycle, and real estate/property
management, 5-152
economizers, 2-63
electrical systems, 2-65, 4-27-4-28
electronic bulletin boards, 1-46
electronic communication, 1-44-1-49, 4-28-4-29
electronic mail (e-mail), 1-46, 1-79-1-84, 1-134
electronics, energy-efficient, 2-68
elevators, 2-65, 4-20-4-22
e-mail, 1-46, 1-79-1-84, 1-134
emergencies, 1-148-1-151
escalation, 4-72
management, 1-140, 1-197-1-202
operational preparation, 4-71
planning, 1-140, 4-71-4-72
emergency assembly area, 1-198
emergency maintenance, 4-56
emergency operations center, 1-198
emergency preparedness, 1-140, 1-148, 1-239-1-240,
1-255-1-256
benefits of, 1-146-1-147
evaluation of programs, 1-256-1-260
facility manager role, 1-139, 1-144-1-146, 1-
210-1-211, 1-242, 1-247-1-248
and geospatial information systems, 6-79
model, 1-153-1-156
planning, 1-196-1-197, 1-219-1-222
purpose of, 1-142-1-143
recovery/reconstitution, 1-244-1-248
and stakeholders, 1-143-1-144
strategic alignment of, 1-151-1-152
terminology, 1-140
training/testing, 1-226-1-236
See also emergency response; risk management
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emergency response, 1-140, 1-148, 1-149, 1-240-1-
251
communications, 1-207-1-210
damage assessment, 1-242—-1-244
documenting event/response, 1-240-1-241, 1-
244
incident management teams, 1-203-1-204
and leased facilities, 1-204
plans, 1-202-1-211
emphasis, in business writing, 1-73-1-74
employee/contractor involvement, 3-201
employee development, 3-77-3-80
career development, 3-100-3-101
job requirements, 3-83-3-86
and organizational needs/values, 3-80-3-83
performance management, 3-86—3-97
professional development, 3-98-3-101
employee needs, and real estate due diligence, 5-211
employee-centered behavior (consideration), 3-193
empowerment, 3-201, 3-207
EMS (energy management systems), 6-44—6-48
EN 15221, Part 7, “Facility Management,” 5-31, 5-
33, 5-35-5-36
energy, 2-7
analytics, 6-45-6-46
audits, 2-67
consumption, monitoring, 6-39
demand management, 6-47—6-48
intensity, 2-47
managing use, 2-72-2-73, 4-69-4-70
modeling, 4-118
monitoring use, 2-72-2-73
optimizing facility’s use of, 2-66—2-68
performance contracting, 2-68
performance statements, 2-51-2-52
plug-in load, decreasing, 2-68-2-69
pricing, 2-71-2-72
renewable sources of, 2-61, 2-69-2-71
use, 2-60, 2-61-2-69, 2-71-2-77, 4-48
use intensity, 2-51
energy management systems, 6-44-6-48
Energy Performance Certificate, 2-52
ENERGY STAR Portfolio Manager, 2-47, 2-54
engineering/design firms, contracting with, 4-189
entitlements, and real estate due diligence, 5-213
environment, as barrier to communication, 1-17
environmental factors, and real estate due diligence,
5-212
environmental stewardship. See sustainability
EPC (Energy Performance Certificate), 2-52
EPC (energy performance contracting), 2-68
equipment, as element in building interiors, 4-33
equity, 2-151, 2-198
equivalent annual cost, 2-151
ergonomics, 3-35, 3-37, 3-38
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esteem needs of occupants, 3-11-3-13
estimation policy, 4-164-4-166
ethical leadership, 3-255-3-256
ethics, 3-254-3-255, 3-256-3-258
ethnocentric management orientation, 1-35
EUI (energy use intensity), 2-51
European Committee for Standardization, 5-24, 5-31,
5-33, 5-35-5-36
executing/controlling projects. See project
execution/control
exhaust, and indoor air quality, 2-97
exit strategies in leasing, 5-231-5-234
expenditures, capital, 2-181
expense(s), 2-151
vs. capitalization, 2-205
in chart of accounts, 2-161
fixed, 2-151
projections of, 2-183
variable, 2-153
express contracts, 2-262
exterior maintenance, 4-37
exterior structures/elements, 4-15-4-17
deficiencies in, 4-16-4-17
health/safety considerations, 4-18-4-19
roof systems, 4-17-4-18
signage, 4-18
external financial statements, 2-193, 2-194
external promotion of facility management
organization, 3-214
extranets, 1-46
extrinsic rewards, 3-210-3-211, 3-233

F

facilities audits, 3-148, 3-151
facilities, monitoring use/performance of, 4-119-4-126
facilities registers, 3-148, 3-149-3-151
facility amenities, 2-117
facility condition assessment, 5-175-5-178
facility condition index, 5-176-5-177
facility cost allocation, 5-219-5-220
facility footprint, reducing, 3-39-3-42
facility management
and information technology, 6-25-6-28
investments, “smoothing,” 2-208—-2-09
from operations and maintenance
perspective, 4-4
organization goals, 3-201-3-205
facility management communication plans, 1-126-1-132
Facility Management Learning System, 1-1-1-6
facility management projects, 4-138, 4-139
facility managers
and business continuity, 1-139, 1-144-1-146
and chargebacks, 2-244
and communication, 1-7, 1-8
and emergency preparedness, 1-139, 1-144-1-
146, 1-210-1-211, 1-242, 1-247-1-248
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facility managers (continued)
and finance/business, 2-145
and human factors, 3-1-3-3
and leadership, 3-137, 3-198-3-201
and operations and maintenance, 4-1, 4-4-4-5
and project management, 4-133, 4-141, 4-144-4-147
and quality, 5-1
and real estate/property management, 5-133-5-136
and risk management, 1-161-1-162, 1-182, 1-185
and service specifications/service level
agreements, 2-278-2-279, 5-71-5-73
as strategic partner, 3-196-3-198
facility master plans, 3-142, 3-177-3-178, 4-160
buy-in/approval, 3-175-3-176
change process, 3-174-3-175
developing (Planning phase of strategy life-cycle
model), 3-171-3-178
formulating strategy, 3-172-3-174
validating strategy, 3-174
facility technology plans, 6-9-6-10
fact sheets, 1-134
failure modes and effects analysis, 4-59
fair use, and copyright, 1-119
falling objects, risk of, 4-19
falls, risk of, 4-18
FASB (Financial Accounting Standards Board), 2-151
FCA (facility condition assessment), 5-175-5-178
FCA (facility cost allocation), 5-219-5-220
FCI (facility condition index), 5-176-5-177
feasibility studies, 2-151, 3-159, 3-168-3-169, 4-
160-4-161, 4-169-4-170
feedback, 3-209-3-210, 3-242
absence of, as barrier to communication, 1-19
in communication process, 1-12, 1-22-1-23
in contracting, 4-105-4-106
in performance management, 3-97
360-degree, 3-111
Feigenbaum, Armand V., 5-6
Fiedler’s contingency theory, 3-196
file hosting/sharing, 1-47
filters in communication process, 1-12
final inspection/validation, 4-273
finance, 2-147-2-148
and real estate due diligence, 5-212
role of facility managers in, 2-145
financial accounting, 2-151, 2-154-2-155
Financial Accounting Standards Board, 2-151
financial investor requirements, and real estate due
diligence, 5-211
financial leverage, 2-151, 2-198
financial operations, guidelines for, 2-210
financial perspective of balanced scorecard, 3-153
financial plan, 4-160-4-161
financial ratios, 2-151, 2-234
asset management ratios, 2-235-2-236
and facility management metrics, 2-239-2-240
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financial ratios (continued)
liquidity/short-term debt ratios, 2-234-2-235
profitability ratios, 2-236-2-237
return-on-investment ratios, 2-237-2-239
financial reporting, 2-151
financial statements, 2-151, 2-191-2-192, 2-194-2-
195
accounting principles for, 2-169
audited, 2-193-2-194
balance sheet, 2-149, 2-197-2-200
external, 2-193, 2-194
income statement, 2-151, 2-195-2-197
internal, 2-192-2-193
notes to, 2-202-2-203
pro forma statements, 2-153, 2-206—2-209
statement of cash flows, 2-153, 2-201-2-202
statement of shareholders’ equity, 2-153
financial terminology, 2-148-2-153
financing real estate, 5-164
capitalization rates, 5-164-5-165
and currency fluctuations, 5-167
and interest rate, 5-167
mortgage payments, 5-165-5-166
sinking funds, 5-166
finishes, as element in building interiors, 4-33
fire suppression systems, 4-22—4-23
first costs, 2-36-2-37
fiscal period, closing, 2-149
Five Whys, 5-54-5-55
fixed assets, 2-151
fixed budgeting, 2-183-2-184
fixed costs, 2-151, 2-183-2-184, 2-228-2-229
fixed expenses, 2-151
fixed price (lump sum) contracts, 2-265, 2-286-2-
287, 4-220
flicker, 2-104
floor area measurements, 5-224
floor slabs, 4-11
flowcharts, 5-39, 5-42-5-45, 5-53
flyers, 1-134
FMEA (failure modes and effects analysis), 4-59
focus groups, in determining customer satisfaction, 5-
87-5-88
food services
sustainable, 2-112-2-113
waste reduction in, 2-112, 2-126-2-127
forced distribution, 3-112, 3-245
forecasting, 4-249
cash flows, 2-206-2-208
and life-cycle cost, 4-114-4-115
space, 5-197-5-198, 5-200-5-201
formal communication, 1-14
forming stage in team life-cycle model, 3-226
forward pass scheduling, 4-197
foundations, 4-13-4-14
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4G mobile communication system, 6-92

frame of reference, and communication, 1-17-1-18

fraud/irregularities, in contracts, 2-269-2-273

frequency tables, 5-103

full service lease, 5-221

full-scale exercises, use in training/testing for
emergency preparedness/business continuity, 1-
230, 1-231, 1-232

functional benchmarking, 5-32

functional exercises, use in training/testing for
emergency preparedness/business continuity, 1-232

functional/structural models of FM organization, 3-
221

functions, 3-217

furnishings, as element in building interiors, 4-33

future costs, 2-36-2-37

future value, 2-216-2-217, 5-145-5-146

FV (future value), 2-216-2-217, 5-145-5-146

G

GAAP (generally accepted accounting principles), 2-
151, 2-158-2-159
games, use in training/testing for emergency
preparedness/business continuity, 1-232
Gantt charts, 4-198—4-199
gap analysis
in developing/implementing strategic planning
process, 3-170, 3-171
in performance analysis, 5-38-5-39
general packet radio service, 6-92
general provisions in leases, 5-228-5-230
generally accepted accounting principles, 2-151, 2-
158-2-159
generational diversity, and communication, 1-18
generic benchmarking, 5-32
geocentric management orientation, 1-35
geography and vendor delivery capability, in facility
management contracts, 2-286
geospatial information systems, 6-75-6-80
geothermal systems, 2-70
GHG (greenhouse gas) emissions, measuring, 2-46—
2-47
GIS (geospatial information systems), 6-75-6-80
glare, 2-104
global meetings, special considerations for, 1-113-1-
114
Global Reporting Initiative, 2-49-2-50, 3-2
globalization, 1-33-1-44, 6-12
goals
of facility management organization. See facility
management: organization goals
SMART, 2-17-2-18, 3-210
stretch, 3-210
government regulations, and real estate/property
management, 5-161
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GPRS (general packet radio service), 6-92

grade, 4-207

“grapevine” in communication, 1-14-1-16

graphic rating scales, 3-112, 3-245

graywater, 2-80-2-81

Green Globes, 2-53

green lease, 5-221

Green Mark, 2-54

Green Star, 2-53

greenhouse gas emissions, measuring, 2-46-2-47

GRI (Global Reporting Initiative), 2-49-2-50, 3-2

gross area, 4-173

gross leasable area, 5-224

gross lease, 5-221

gross profit margin, 2-236

grounds, 4-37-4-38
hardscape maintenance, 2-113-2-114, 4-39
landscape maintenance, 2-114-2-117, 4-38-4-39
safety/security considerations, 4-39-4-40

group dynamics, 3-228

Groupe Specific Mobile, 6-92

growth phase in business life cycle, 5-139

GSM (Groupe Specific Mobile), 6-92

guest services, and radio frequency identification, 6-86

H

hardscape maintenance, 2-113-2-114, 4-39
hazard and operability studies, 4-118
hazard data sheets, 2-109
hazardous materials, 2-107-2-108, 4-36-4-37
disposal of, 2-135
equipment for, 2-109
identification of, 2-109
inspection of storage/handling, 2-135
minimizing use of, 2-108-2-109
safety data sheets, 2-109
storage of, 2-110, 2-135
training in use of, 2-109
HAZOP (hazard and operability) studies, 4-118
HBU (highest and best use), in real estate/property
management, 5-155-5-161
HDS (hazard data sheets), 2-109
headings/subheadings, used in business writing, 1-69
health maintenance, 3-36, 3-37
health/safety
air quality, 2-98, 4-35-4-36
and building structures, 4-15, 4-18-4-19
inspection, 4-70
and interior furnishings, fixtures, equipment, 4-
35-4-37
heat exchangers, 2-63
heat island effect, 2-138-2-139
heating, ventilation and air conditioning systems, 2-
63-2-64, 4-25-4-27
deficiencies in, 4-26-4-27
demand-controlled ventilation, 2-63

heating, ventilation and air conditioning systems
(continued)
economizers, 2-64
heat exchangers, 2-63
variable speed drives, 2-63
Hersey-Blanchard’s situational leadership theory, 3-
193-3-194
Herzberg’s motivation-hygiene theory, 3-191
highest and best use, in real estate/property
management, 5-155-5-161
histograms, 5-39, 5-50-5-52, 5-53
human factors
and effective workplaces, 3-4-3-7
role of facility manager related to, 3-1-3-3
humidity, 3-24-3-26, 3-32
humor, and cross-cultural communication, 1-38
hygiene factors, 3-191

IAQ. See indoor air quality

ice/snow removal, 2-114, 4-72

ICS (Incident Command System), 1-197-1-198

ideal process maps, 5-122

IDQLI (indefinite delivery quantity, line item)
contracts, 2-266

IEQ. See indoor environmental quality

IFMA/ASTM standards, 5-162, 5-204

IFMA/BOMA standards, 5-24-5-25, 5-204

IFMA Facility Management Learning System, 1-1-1-
6

IFMA standards, 5-24-5-25, 5-162, 5-204

IFRS (International Financial Reporting Standards),
2-152, 2-157-2-158

IM (instant messaging), 1-47, 1-135

implied contracts, 2-262

improvements clauses in leases, 5-225

incentives, 4-104

incident command post, in emergency management,
1-198, 1-201

Incident Command System, 1-197-1-198

incident commander, in emergency management, 1-
198, 1-200

incident investigations, 3-65

incident management teams, 1-203-1-204

incident response. See emergency response

incineration, 2-125

income statement, 2-151, 2-195-2-197

incremental budgeting, 2-151, 2-185

indefinite delivery quantity, line item contracts, 2-
266

indemnification, 4-229

index lease, 5-221

indirect costs, 2-229-2-230

indirect stakeholders, relationship management, 3-
259, 3-264

individual behavior, 3-189-3-192
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indoor air quality, 2-96-2-98, 3-26-3-27, 3-32
and cleaning policy, 2-101-2-102
initiatives for, 2-99-2-101
and interior furnishings, fixtures, equipment, 4-
35-4-36
measuring, 2-98-2-99
and pest control, 2-102-2-103
See also indoor environmental quality
indoor environmental quality, 2-7, 2-95-2-96, 3-23-3-24
cleanliness, 3-30-3-31, 3-33
and hazardous materials, 2-107-2-110
humidity, 3-24-3-26, 3-32
indoor air quality, 2-96-2-103, 3-26-3-27, 3-32,
4-35-4-36
lighting, 2-64-2-65, 3-28-3-29, 3-32
noise, 3-29-3-30, 3-33
and occupant comfort, 2-103-2-107
temperature, 3-24—-3-26, 3-32
influence, 1-115-1-116, 1-117, 3-187, 3-188-3-189
informal communication, 1-14-1-16
information technology, 6-25-6-28
initial costs, 2-36-2-37
initiating structure (job-oriented behavior), 3-193
innovation and learning perspective of balanced
scorecard, 3-154
innovation and technology in workplace, 6-104—6-
106
inspections, 5-127-5-130
appearance, 4-71
final, 4-273
of hazardous waste storage/handling, 2-135
health/safety, 4-70
occasional/periodic, 4-54
and upgrading building envelope, 2-62
inspiration, 3-187
installation of systems, materials, equipment, 4-49—4-
53
instant messaging, 1-47, 1-135
insulation, 2-62
insurance, 2-151, 4-227-4-228
for damages, 1-243-1-244
in leases, 5-225
intangible assets, 2-152
Integrated Services Digital Network, 6-91, 6-92
integrated workplace management systems, 4-52—4-
53, 6-48-6-49, 6-51-6-52, 6-58-6-60
and asset management, 6-56—6-57
benefits of, 6-52-6-53
evolution of, 6-49-6-50
and maintenance management, 6-56-6-57
and project management, 6-53
and real estate management/administration, 6-
53-6-54
and space management, 6-54—6-56
and sustainability, 6-58

Index

integration
of installed systems, materials, equipment, 4-50—
4-51
and project management, 4-140
intended use, and real estate/property management,
5-151-5-152
interest rate, and financing real estate, 5-167
intergroup dynamics, 3-228-3-229
interior furnishings, fixtures, equipment, 4-32
deficiencies in, 4-34
elements of, 4-32-4-34
health/safety considerations, 4-35—4-37
internal benchmarking, 5-32
internal financial statements, 2-192-2-193
internal promotion of facility management
organization, 3-214
internal rate of return, 2-152, 2-218-2-221
internal staff, evaluating for project team, 4-236
internal stakeholders, relationship management, 3-
259, 3-262
International Financial Reporting Standards, 2-152,
2-157-2-158
International Organization for Standardization. See
ISO
Internet, 6-92
forums, 1-47, 1-135
technology, 6-91
interoperability, 6-15-6-17
interruptions, as barrier to communication, 1-17
interviews, use in determining customer satisfaction,
5-85-5-87
intranets, 1-47, 6-92
intrinsic rewards, 3-210-3-211, 3-233
inventory management, and bar codes, 6-81
investment analysis, 5-143-5-144
discounted cash flow analysis, 5-148-5-149
discounted methods, 5-147
nondiscounted methods, 5-147
payback period, 5-148
risk analysis, 5-149-5-150
investor requirements, and real estate due diligence,
5-211
invitation to tender, 2-251-2-252
IRR (internal rate of return), 2-152, 2-218-2-221
irregularities/fraud, in contracts, 2-269-2-273
ISDN (Integrated Services Digital Network), 6-91, 6-
92
Ishikawa, Kaoru, 5-6-5-7
ISO (International Organization for Standardization),
2-48, 5-9, 5-25-5-26
ISO 9000 family of standards, 5-25-5-26
I1SO 14001, 2-48
ISO 15392, 2-48
I1SO 21930, 2-48
I1SO 26000, 2-48
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IT (information technology), 6-25-6-28

iterative budget approach, 2-173-2-174

iterative project management models, 4-150

ITT (invitation to tender), 2-251-2-252

IWMS. See integrated workplace management
systems

lease audit rights, 5-226

lease buyouts, 5-234

lease or purchase considerations for capital assets, 2-
205

leased vs. owned property, 3-221

lease-versus-own analysis, 3-169-3-170

leasing, 2-152, 5-220, 5-215, 5-216

J accounting, 5-230
jargon, in business writing, 1-77-1-78 exit strategies, 5-231-5-234
job purchase versus lease analysis, 5-217-5-218

design/descriptions, 3-84-3-86, 3-240-3-243
enlargement, 3-241
enrichment, 3-211, 3-241
requirements, 3-83-3-86
rotation, 3-99, 3-241
safety analysis, 4-32
simplification, 3-241
title, 3-242-3-243
joint project planning, 4-210
journal(s), 2-152, 2-163-2-164
JPP (joint project planning), 4-210
JSA (job safety analysis), 4-32
Juran, Joseph, 5-6

K

kaizen, 5-109-5-110

key performance indicators, 5-9, 5-74-5-76

kickoff meetings, 4-210, 4-245-4-246

kinesthetic learning style, 1-93, 1-94

knowledge economy, and workplace design, 3-42—-3-
44

knowledge, skills, abilities (KSAs), 3-242

knowledge workers, 6-12—6-13

KPIs (key performance indicators), 5-9, 5-74-5-76

KSAs (knowledge, skills, abilities), 3-242

L

lagging indicators, 5-65-5-67
LAN (local area network), 6-92
land details, and real estate due diligence, 5-212
landfills, 2-125
landscape maintenance, 2-114-2-117, 4-38-4-39
language, and communication, 1-18, 1-39-1-40
lateral communication, 1-16-1-17
LCC. See life-cycle cost/costing
LCCA. See life-cycle cost/costing: analysis
leadership, 3-137, 3-138, 3-185-3-189
role of facility manager, 3-137, 3-198-3-201
skills, developing, 3-212
styles, 3-205-3-207, 3-208-3-209
theories of, 3-192-3-196
leading indicators, 5-65, 5-66-5-67
learning space, 3-42
learning styles, 1-93-1-95, 3-125-3-126
lease abstract, 5-225-5-226

service charge allocations, 5-219-5-220
space, 4-189
sustainable policy, 2-19-2-20
types of, 5-220-5-222
ledgers, 2-152, 2-162-2-163
LEED certification, 2-53
legal constraints, and cross-cultural communication,
1-40-1-41
Legionnaire’s disease, 3-27
letters, 1-86-1-88
level of service, 4-79-4-80
liabilities, 2-152
in balance sheet, 2-198
in chart of accounts, 2-160
licenses, 2-152, 4-227
life cycle, 2-152
life-cycle cost/costing, 2-152, 2-213-2-215, 4-46-4-
47, 4-112-4-119, 5-140-5-143
analysis, 2-35-2-39, 2-41, 4-112-4-115
asset life-cycle model, 3-165
forecasting, 4-114-4-115
sampling, 4-115
total cost of ownership, 3-165, 4-112-4-114, 5-
141
and useful life of assets, 4-116-4-119
lifts (elevators), 2-65, 4-20-4-22
light pollution, 2-137
light trespass, 2-137
lighting, 3-28-3-29, 3-32, 4-20
deficiencies in, 4-20
guidelines for, 2-105
improving efficiency of, 2-64-2-65
Likert scale, 5-92-5-93
line vs. staff management, 3-220
liquid assets, 2-152
liquidity/short-term debt ratios, 2-234-2-235
live chats, 1-47
load shedding/shifting, 2-73, 6-47-6-48
local area network (LAN), 6-92
lockdown, in emergency management, 1-198
LOS (level of service), 4-79-4-80
lubrication, as part of preventive maintenance, 4-54
lump sum, and investment analysis, 5-147
lump sum (fixed price) contracts, 2-265, 2-286-2-
287, 4-220
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M

mail services, 2-110-2-111
mailing list servers, 1-47
maintainability
and acquisition of physical assets, 4-47-4-48
design for, 4-118
maintenance, 4-3, 4-53
activities, 4-57
corrective, 4-56
defined, 4-53
emergency, 4-56
hardscape, 2-113-2-114, 4-39
and integrated workplace management systems,
6-56-6-57
in leases, 5-226
in peak periods, 4-67-4-68
planned, 4-7, 4-53, 4-54-4-56
predictive, 4-53, 4-55-4-56
preventive, 4-53, 4-54—4-55
reliability-centered, 4-57-4-60, 4-118
run-to-failure strategy, 4-56
total productive, 4-118
unplanned, 4-7, 4-53, 4-56-4-57
unscheduled, 4-7, 4-53, 4-56-4-57
workflow, 4-60-4-67, 4-83-4-84
major repairs, 4-55
management, 3-137, 3-185-3-189
accounting, 2-152, 2-154-2-157
escalation, and contract dispute resolution, 2-292
by objectives, 3-113
orientation, and cross-cultural communication, 1-
35-1-36
styles, 3-207, 3-208-3-209
Managerial Grid, 3-194-3-195
market trends, and real estate, 5-154-5-155
marketing FM organization, 3-212-3-217
Maslow’s needs hierarchy, 3-8, 3-190-3-191
master project budget, 4-206-4-207
material handling/storage, 4-72
material safety data sheets, 2-109, 4-32
materials and resources, 2-7, 2-82—-2-86, 2-134
matrix models of FM organization, 3-221
maturity
phase in business life cycle, 5-139
task, 3-193-3-194
MBO (management by objectives), 3-113
mean, 5-59-5-60
measures
of association, 5-62-5-63
of central tendency, 5-59-5-60
of variation, 5-60-5-62
median, 5-59-5-60
mediation, 2-292
medium in communication process, 1-12
meeting services, 2-113
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meetings, 1-102-1-114, 1-134
MEFs (mission-essential functions), 1-172—-1-176
memorandum of understanding, in emergency
management, 1-199
memos, 1-84-1-86
mentoring, 3-98-3-99
message in communication process, 1-12
metrics, 5-9
micro hydro systems, 2-71
microprocessor speed/capacity, 6-14
minor repairs, 4-55
mission statement, 3-145-3-147
mission-essential functions, 1-172-1-176
mitigation risk management strategy, 1-179, 1-187
mixed costs, 2-229
mobile devices, 1-134
mobility of workers, and technology, 6-106-6-108
mode, 5-59-5-60
modems, 6-91
modified gross lease, 5-221
modified lease, 5-221
moisture, and indoor air quality, 2-97
mortgage payments, 5-165-5-166
motivation, 3-189-3-190
factors, 3-191
in teams, 3-233-3-234
theories of, 3-190-3-192
motivation-hygiene theory, 3-191
MOU (memorandum of understanding), in
emergency management, 1-199
move management, 4-86, 6-81-6-82
MSDS (material safety data sheets), 2-109, 4-32
multinational FM model, 3-223
multiple locations, region- or division-led FM model,
3-223
multiple prime contracts, 4-221-4-222
Myers-Briggs personality types, 3-191-3-192

N

n (single net) lease, 5-221
national buy contracts, 2-266-2-267
natural disasters, and building structures, 4-15
natural environment, sustainability in, 2-4
natural light, 2-104-2-105
nature of work, in facility management contracts, 2-
285
needs assessments, 3-160-3-162, 4-174-4-175, 6-
115-6-116
negotiation, 1-114-1-115, 1-117, 3-248-3-249, 4-97
of contracts, 4-244
principled, 3-249
of service level agreements, 4-97—4-99
net assets, in chart of accounts, 2-160
net lease, 5-221
net net lease, 5-221
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net net net lease, 5-221

net present value, 2-34-2-35, 2-41, 2-152, 2-218-2-221

net profit margin, 2-237

network diagrams, 4-200

new employees, training for, 3-91

newsletters, 1-135

NIC (not-in-contract) items, 4-228

nn (net net) lease, 5-221

nnn (net net net) lease, 5-221

“noise” in communication process, 1-12

noise in workplace, 3-29-3-30, 3-33

nominal group technique, 3-229

noncompetitive pricing, 2-270

noncustodial cleaning, 4-54

nondisclosure agreements, 4-229

nondiscounted methods of investment analysis, 5-147

nonessential functions, 1-173

nonrenewable resources, 4-49

non-typical contractual relationships, 4-228

non-typical materials/installation methods, 4-229

nonverbal communication, 1-25-1-27, 3-209

norming stage in team life-cycle model, 3-227

notes to financial statements, 2-202—-2-203

not-in-contract items, 4-228

NPV (net present value), 2-34-2-35, 2-41, 2-152, 2-
218-2-221

O

O&M. See operations and maintenance
object, cost, 2-228, 2-229-2-230
observations, 5-99-5-101
occasional inspection, 4-54
occupancy, certificate of, 4-274
occupant behavior, changing, 2-74-2-75
occupant comfort, 2-103-2-107, 3-7-3-9, 3-22-3-23
acoustical, 2-105-2-107
physiological, 3-9-3-10
thermal, 2-103
visual, 2-103-2-105
See also indoor environmental quality; occupant
needs/requirements
occupant needs/requirements, 4-8
esteem, 3-11-3-13
safety, 3-10
self-actualization, 3-13
social belonging, 3-10-3-11
See also occupant comfort
occupant satisfaction, 4-126-4-127
gathering data on, 2-107, 4-128-4-129
improvement in, 4-129
service quotient, 4-127
occupant services, 4-8, 4-79-4-80
defined, 4-79
development of guidelines for, 4-80-4-84
level of service, 4-79-4-80
and maintenance workflow, 4-83-4-84
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modifications to, 4-84-4-86
monitoring, 4-100-4-106
performance measurement, 4-82—-4-83
occupant wellness, 3-33-3-34
ergonomics, 3-35, 3-37, 3-38
health maintenance, 3-36, 3-37
stress, 3-34-3-35, 3-37
OD (organizational development), 3-200-3-201
OFCI (owner-furnished, contractor-installed) items,
4-228-4-229
office manager FM model, 3-223
off-site training, 3-91-3-92
OFOI (owner-furnished, owner-installed) items, 4-229
OJT (on-the-job training), 3-92-3-94
1D bar codes, 6-81
one location, multiple sites FM model, 3-223
one location, one site FM model, 3-223
one-time purchase orders, 2-264
one-to-one assignment diagrams, 5-204
on-the-job training, 3-92-3-94
open tender/bidding, 4-237-4-238
open-ended questions, 1-32, 5-91-5-92
openings, as element in building interiors, 4-33
operating budget, 2-152
operating profit margin, 2-237
operational risk structure, 5-150-5-151
operations and maintenance, 4-3-4-5
plan, 4-5-4-8
role of facility managers, 4-1, 4-4-4-5
and sustainability, 4-30-4-31
and workplace safety, 4-31-4-32
See also maintenance; operations
operations, 4-3
and building automation, 4-69
defined, 4-68
expenses, 2-215
systems operation and monitoring, 4-68-4-69
opportunity costs, 2-153, 2-232-2-233, 2-234
organizational culture, 3-219
and communication, 1-8
and mission/vision statements, 3-145
organizational design, 3-217
organizational development, 3-200-3-201
organizational image, and real estate/property
management, 5-138
organizational needs/values, and employee
development, 3-80-3-83
organizational requirements, and real estate due
diligence, 5-211
organizational structure, 3-217, 3-219
assessing, 3-218
centralization/decentralization, 3-219
chain of command, 3-219-3-220
churn rate, 3-222
and communication, 1-8
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organizational structure (continued)
FM organization models, 3-222-3-223
functional/structural models, 3-221
line vs. staff management, 3-220
matrix models, 3-221
owned vs. leased property, 3-221
relocation, 3-222
selecting, 3-223-3-224
span of control, 3-219-3-220
spatial differentiation, 3-221-3-222
standardized vs. specialized services, 3-222
organizational style, in business writing, 1-75
organizational values, and mission/vision statements,
3-145
organizing, 3-187
outcome measures in balanced scorecard, 3-152
outline formats, 1-66-1-67
output-based specifications, 2-276, 5-68-5-71
outsourcing
as contingency strategy, 1-215-1-216
and procurement, 2-255-2-258
owned vs. leased property, 3-221
owner-furnished, contractor-installed items, 4-228-4-
229
owner-furnished, owner-installed items, 4-229
ownership documents, and real estate due diligence,
5-213

P

pagers, 1-47
painting, as part of preventive maintenance, 4-55
Pareto charts, 5-39, 5-40-5-42, 5-53
participative budget approach, 2-173-2-174
parties, in leases, 5-226-5-227
partner relationship management, 3-259, 3-263-3-
264
parts, replacement of, 4-55
passive fire protection measures, 4-22
payback
with equal annual savings, 2-32-2-33
period, 2-153, 2-218-2-221, 5-148
with unequal annual savings, 2-33
payment bond, 4-227
payment for work not carried out, 2-271
PBX (private branch exchange), 6-92
PDCA model. See Plan, Do, Check, Act model
PdM (predictive maintenance), 4-53, 4-55-4-56
peak periods, maintenance during, 4-67—4-68
peer coaches, 3-99
percentage distribution tables, 5-104
percentage lease, 5-221
percentage tables, 5-103
performance alarms, and building automation
systems, 6-39
performance, and acquisition of physical assets, 4-48
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performance assessment/appraisal, 3-95-3-97, 3-
107-3-111, 3-244-3-245
meeting, 3-115-3-118
methods, 3-111-3-114, 3-244-3-245
performance bond, 4-226-4-227
performance data analysis, and building automation
systems, 6-39
performance drivers in balanced scorecard, 3-152
performance management, 3-86-3-87, 3-118-3-121
assessment/appraisal of performance, 3-95-3-97,
3-107-3-121
correction, 3-98
documenting, 3-87, 3-117-3-118
expectations, setting, 3-87—-3-90
goals, 3-88-3-90
rewards, 3-97
training, 3-90-3-95
performance measurement, 4-121-4-124
performance reporting, in project execution/control,
4-256-4-257
performance-based specifications, 2-276, 5-68-5-71
performing stage in team life-cycle model, 3-227
period, in finance/business, 2-153
periodic inspection, 4-54
permits needed for projects, 4-165-4-166
perpetual resources, 4-48
persuasion, 1-116-1-117
pest control, and indoor air quality, 2-102-2-103
photovoltaic systems, 2-69-2-70
physical condition, and real estate due diligence, 5-213
physiological comfort of occupants, 3-9-3-10
Pl (profitability index), 2-153
Plan, Do, Check, Act model, 4-151-4-152, 5-9, 5-55—
5-56, 6-115, 6-119-6-126
planned maintenance, 4-7, 4-53, 4-54-4-56
planning, 3-187, 4-140
Planning phase
of strategy life-cycle model. See facility master
plans: developing
of sustainability plan development, 2-26, 2-29—
2-30
plug-in load, decreasing, 2-68—2-69
plumbing systems, 2-65-2-66, 2-79-2-80, 4-23-4-25
PM (project management) at-risk contracts, 4-222
PMBOK (Project Management Body of Knowledge),
4-148-4-149
PMO (project management office), 4-217
podcasting, 1-47, 1-134
POEs (post-occupancy evaluations), 4-281
policies, 3-234-3-236, 4-72-4-73
advantages/disadvantages, 3-238-3-239
audiences, 3-237-3-238
change process for, 3-239
evaluation of, 3-239
implementation and compliance, 3-236-3-237
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policies (continued)
and project definition, 4-163-4-166
sustainability, 2-14-2-21
writing, 3-236
policy deficiencies in facility condition assessments,
5-177
political correctness in business writing, 1-78-1-79
pollution, and indoor air quality, 2-97
polycentric management orientation, 1-35
portfolio management of real estate, 5-237-5-242
position power, 3-187-3-188, 3-196
positive reinforcement, 3-209-3-210
posters, 1-135
post-occupancy evaluations, 4-281
practices, 3-234-3-236, 5-28-5-29
advantages/disadvantages, 3-238-3-239
audiences, 3-237-3-238
change process for, 3-239
evaluation of, 3-239
implementation and compliance, 3-236-3-237
and project definition, 4-163-4-166
writing, 3-236
pre-/post-occupancy surveys, 4-281
preconstruction meetings, 4-210
predictive maintenance, 4-53, 4-55-4-56
premises clauses in leases, 5-227
prescriptive specifications, 2-276, 5-68-5-71
present value, 2-38-2-39, 2-153, 2-216-2-217, 5-
145-5-146
presentations, 1-93-1-102, 1-134
prevention risk management strategy, 1-178-1-179,
1-187
preventive maintenance, 4-53, 4-54-4-55
price fixing, 2-270
pricing
and costing options, in facility management
contracts, 2-286—2-287
noncompetitive, 2-270
primary circulation, 4-173, 5-224
printing services, 2-111
privacy in workplace communication, 1-49-1-51
private branch exchange, 6-92
privity of contract/estate, 5-232-5-233
pro forma statements, 2-153, 2-206-2-209
probabilistic risk assessment, 4-118
probing questions, 1-32
procedures, 3-234-3-236, 4-72-4-73
advantages/disadvantages, 3-238-3-239
audiences, 3-237-3-238
change process for, 3-239
evaluation of, 3-239
implementation and compliance, 3-236-3-237
and project definition, 4-163-4-166
writing, 3-236
process, 5-9
process improvement, 5-9
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process mapping, 5-9, 5-121-5-124
process perspective of balanced scorecard, 3-154
procurement, 2-248-2-249
management, 4-219-4-223
and outsourcing, 2-255-2-258
principles, 2-249-2-250
process, 2-251-2-254
sustainable, 2-82—-2-86, 2-134, 2-250-2-251
productive workspaces, 2-95
productivity
and geospatial information systems, 6-79
in workplace, 5-119-5-120
professional development, 3-98-3-101
profitability index, 2-153
profitability ratios, 2-236-2-237
programming, 3-159-3-160, 4-171-4-178, 4-190
deficiencies in facility condition assessments, 5-
177
needs assessments, 3-160-3-162, 4-174-4-175
needs forecasting, 3-162—3-163
requirements analysis and negotiation, 3-163-3-
164
requirements modeling, 3-164-3-165
space programming, 4-172-4-174
space standards, 4-172-4-174, 4-178
statements of requirements, 4-171, 4-175-4-178
strategic vs. full-scale, 3-160
project charter, 4-178-4-180, 4-214
project classifications, and investment analysis, 5-146
project closeout, 4-270-4-275, 4-278-4-280
project cycles, 4-149-4-150
project definition, 4-157-4-158
aims, 4-168
constraints, 4-163
deliverables, 4-168
documentation, 4-169
feasibility study, 4-160-4-161, 4-169-4-170
financial plan, 4-160-4-161
inputs, 4-158-4-166
need(s), 4-168
parameters, 4-168-4-169
policies, procedures, practices, 4-163—4-166
project selection, 4-161-4-162
purpose of project, 4-167-4-170
requirements, 4-168
scope, 4-168
specifications, 4-162
stakeholders, 4-168
statements of work, 4-162
strategic plans, 4-159-4-160
success criteria, 4-170
project execution/control, 4-246-4-247
communications, 4-256-4-258
coordination, 4-248-4-250
cost/budget, 4-252-4-253
integration, 4-248-4-250
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project execution/control (continued)
quality assurance/control, 4-254-4-255
risk, 4-258-4-260
schedule, 4-251-4-252
scope, 4-250—4-251
project format, 4-153
Project Management Body of Knowledge, 4-148-4-149
project management plan, 4-214-4-215
budget, 4-205-4-207
communications management, 4-209-4-211
cost estimates, 4-204-4-205
and integrated workplace management systems,
6-53
project schedule, 4-197-4-203, 4-215
quality management, 4-207—4-208
risk management, 4-211-4-213
technology, 4-249
work breakdown structure/task list, 4-194-4-197,
4-214
project management, 4-133-4-134, 4-139-4-141, 4-
152-4-153
at-risk contracts, 4-222
vs. FM duties, 4-141
office, 4-217
processes, 4-148-4-149
rationale for use of planning in, 4-134-4-135
role of facility manager, 4-133, 4-141, 4-144-4-147
See also project definition; project
execution/control; programming; project
management plan; project planning
project manager, 4-133, 4-141-4-147
project objectives statement, 4-178-4-179, 4-180-4-
182, 4-214
project planning, 4-140, 4-147-4-148
creating project management plan, 4-191-4-213
designing deliverables/space, 4-186-4-191
planning team/resources, 4-213-4-229
See also project management plan
project purpose, 4-167-4-170
project requirements program, 4-171
project resources, 4-166
project schedule, 4-197-4-203, 4-215, 4-251-4-252
project selection, 4-161-4-162
project size, and investment analysis, 5-146
project teams
evaluating internal staff for, 4-236
managing, 4-260-4-261
projects, 4-137-4-138. See also facility management
projects
attributes, 4-137-4-138
criteria, 4-138
reasons for failure, 4-135
property loss, 2-153
property management, 5-134-5-136. See also leasing;
real estate
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property taxes, 2-153
proposals, 4-241-4-242
protocols, 5-9, 5-30
public domain, 1-119-1-120
public relations, and marketing facility management
organization, 3-214
punch list, 4-225, 4-273
purchase orders, 2-264—2-265, 4-240
purchase versus lease decision, 5-214-5-220
purchasing
real estate, 5-214, 5-215-5-216
space, 4-189
PV (present value), 2-38-2-39, 2-153, 2-216-2-217,
5-145-5-146

Q

qualitative data, 5-81-5-82
quality, 4-207, 5-1, 5-4
assurance, 4-254-4-255
awards, 5-9
benchmarking, 5-31-5-38
benefits of, 5-1-5-2, 5-3
checklists, 4-208
control, 4-254-4-255
data, 5-30-5-31
evolution of, 5-5-5-7
gap analysis, 5-38
quality control tools, 5-39-5-53
quality improvement tools, 5-53-5-59
goals, 5-11-5-14
management, 4-207-4-208, 4-215, 5-10
measures, 5-17-5-21
metrics, 4-208
role of facility managers in, 5-1
of services, 2-7, 2-110-2-117, 4-38-4-39
standards, 5-21-5-28
statistical analysis, 5-59-5-63
quantitative data, 5-82
questioning, 1-31-1-33
questionnaires/surveys, 5-10, 5-88-5-89, 5-97-5-98
design of, 5-90-5-95
response rate, 5-95-5-97
sampling, 5-89-5-90
quick ratio, 2-235

R

RACI charts, 4-217
radio frequency identification, 6-83-6-86
rainwater, use of, 2-81
range, 5-61
ranking, in performance appraisal, 3-112, 3-245
rating scales, 3-112, 3-245, 5-92-5-94
ratio analysis, 2-234
asset management ratios, 2-235-2-236
and facility management metrics, 2-239-2-240
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ratio analysis (continued)
liquidity/short-term debt ratios, 2-234-2-235
profitability ratios, 2-236-2-237
return-on-investment ratios, 2-237-2-239
RCA (root cause analysis), 4-59, 5-53-5-54
RCM (reliability-centered maintenance), 4-57-4-60,
4-118
readability, in business writing, 1-73
real estate, 5-134-5-136
acquisition, 5-209
and age of property development, 5-153-5-154
and business life cycle, 5-138-5-140
and cyclical market conditions, 5-154-5-155
divestiture, 5-209, 5-234-5-237
due diligence for, 5-198, 5-199, 5-210-5-214
and economic cycle, 5-152
facility manager role, 5-133-5-136
and financing, 5-164-5-167
and government regulations, 5-161
and highest and best use, 5-155-5-161
and integrated workplace management systems,
6-53-6-54
and intended use, 5-151-5-152
and investment analysis, 5-143-5-151
and life-cycle costing, 5-140-5-143
and organizational image, 5-138
portfolio management, 5-237-5-242, 6-77-6-78
purchase versus lease decision, 5-214-5-220
space forecasting, 5-197-5-198, 5-200-5-201
space management, 5-194-5-197, 5-198, 5-199
space measurement standards/benchmarks, 5-
204-5-206
space planning, 5-197-5-198, 5-202-5-204
space programming, 5-201-5-202
space requirements, 5-197-5-198
and standards, 5-161-5-163, 5-204-5-206
See also leasing; real estate master plans
real estate master plans, 3-142, 5-171, 5-172-5-175,
4-160
activities in process, 5-188-5-190
components, 5-178-5-183
and facility condition assessment, 5-175-5-178
stakeholders, 5-184-5-188
real-time system status information, and building
automation systems, 6-39
receiver in communication process, 1-12
recharging (chargebacks), 2-149, 2-242-2-244
recommendations and approvals, in developing/
implementing strategic planning process, 3-170, 3-
171
recommissioning, 2-66, 4-50
reconstitution, after emergencies, 1-148, 1-150, 1-
217,1-244-1-248
recovery, after emergencies, 1-148, 1-150, 1-217, 1-
244-1-248
recruitment and diversity, 3-132
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RECs (renewable energy credits), 2-76
recycled/recyclable resources, 4-48-4-49
recycling, 2-125, 2-129-2-135, 4-72
reduce/control risk management strategy, 2-285
reducible resources, 4-49
reducing asset use, as part of replacement, 4-72
redundant communication systems, 1-209
reengineering, 3-202, 3-203-3-205
regiocentric management orientation, 1-35
regression analysis, 5-63
regulations
and operations and maintenance, 4-7
and real estate/property management, 5-161
regulatory constraints, and cross-cultural
communication, 1-40-1-41
relationship behavior, in Hersey-Blanchard
situational leadership theory, 3-194
relationship management, 3-258-3-260
with customers, 3-259, 3-260-3-262
with indirect stakeholders, 3-259, 3-264
with internal stakeholders, 3-259, 3-262
with suppliers/partners, 3-259, 3-263-3-264
relevance, and generally accepted accounting
principles, 2-158
relevant range, 2-228
reliability, 5-82-5-83
in acquisition of physical assets, 4-47—-4-48
analysis, 4-59
design for, 4-118
and generally accepted accounting principles, 2-
158
reliability-centered maintenance, 4-57-4-60, 4-118
religion, and cross-cultural communication, 1-40
relocation, 3-222
remediating performance, 3-96-3-97
renewable energy credits, 2-76
renewable resources, 4-48—4-49
renewable sources of energy, 2-61, 2-69-2-71
renewal options, in contracts, 2-287
rent, 5-227
rentable area, 4-173, 5-224
rentable/useable ratio, 4-174
replacement
conditions for, 4-73-4-74
defined, 4-73
of parts, 4-55
reports, 1-89, 1-92, 3-216
reputational risk, 2-288
request for change, 4-264, 4-265
request for information, 4-240
request for proposal, 2-251, 4-240-4-241
request for quotation, 2-252, 4-240
requirements
modeling, 3-164-3-165
in project plan, 4-168
resource recovery, 2-125
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resource/service flexibility, in facility management
contracts, 2-287
resources. See also materials and resources
acquiring. See team/resources, acquiring
nonrenewable, 4-49
perpetual, 4-48
planning. See team/resources, planning
project, 4-166
recycled/recyclable, 4-48-4-49
reducible, 4-49
renewable, 4-48-4-49
response rate in surveys, 5-95-5-97
responsibilities, clarifying/communicating, 3-239-3-
240
job design/descriptions, 3-240-3-243
level of accountability, 3-240
performance evaluations, 3-244-3-245
work coordination, 3-243-3-244
restoration, after emergencies, 1-148, 1-150
retention, and diversity, 3-132-3-133
retrocommissioning, 2-67, 4-50
return on assets, 2-237
return on capital employed, 2-238
return on equity, 2-238
return on investment, 2-33, 2-41, 2-237-2-239
reusing assets, as part of replacement, 4-73
revenue(s), 2-153
in chart of accounts, 2-160
projections of, 2-182-2-183
revenue-based lease, 5-221
revising copy, 1-64-1-65
revival phase in business life cycle, 5-139, 5-140
rewards, 3-97, 3-210-3-211, 3-233-3-234
RFC (request for change), 4-264, 4-265
RFI (request for information), 4-240
RFID (radio frequency identification), 6-83—6-86
RFP (request for proposal), 2-251, 4-240-4-241
RFQ (request for quotation), 2-252, 4-240
risk, 1-163-1-164
risk analysis, 5-149-5-150
risk, and capital investments, 2-221-2-222
risk assessment, 1-163, 1-167-1-170, 2-283-2-284
risk categorization, 2-283
risk, controlling, 4-259-4-260
risk, controlling, 4-259-4-260
risk identification, 1-164-1-166, 2-283, 3-61, 3-68, 4-
211
risk management, 1-140, 1-148, 1-159-1-160, 1-188-
1-191
acceptance strategy, 2-285
avoidance strategy, 1-178, 1-186-1-187, 2-285
business impact analysis, 1-176-1-178
for contracts, 2-281-2-290
control/reduce strategy, 2-285
critical assets, 1-171
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risk management (continued)
critical processes, 1-172-1-176
facility manager role, 1-161-1-162, 1-182, 1-185
mission-essential functions, 1-172-1-176
mitigation strategy, 1-179, 1-187
nonessential functions, 1-173
prevention strategy, 1-178-1-179, 1-187
process, 1-162
programs, 1-181-1-182, 1-183-1-184
and project planning, 4-211-4-213, 4-215
risk assessment, 1-163, 1-167-1-170
risk identification, 1-164-1-166
supporting functions, 1-172, 1-173
and technology, 1-185-1-187
tolerance strategy, 1-178
transfer/share strategy, 1-180, 1-187, 2-285
risk matrix, 1-168-1-169
risk, monitoring, 4-258-4-259
risk of falling objects, 4-19
risk of falls, 4-18
risk response, 1-178-1-180, 1-186-1-187, 2-284-2-285
risk structure, operational, 5-150-5-151
ROA (return on assets), 2-237
ROCE (return on capital employed), 2-238
ROE (return on equity), 2-238
ROI (return on investment), 2-33, 2-41, 2-237-2-239
roof systems, 4-17-4-18
root cause analysis, 4-59, 5-53-5-54
run charts, 5-63-5-64
run-to-failure strategy, 4-56

S

SaaS (software as a service), 6-19
safety
and building structures, 4-15
committees, 3-63-3-64
evaluation of measures for, 3-66-3-67
and facility grounds, 4-39-4-40
incident investigations, 3-65
as occupant need, 3-10
and operations and maintenance, 4-31-4-32
systems, 4-29-4-30
and third parties, 3-65-3-66
training, 3-64
and wireless networks, 6-100
in workplace, 3-58-3-67
salvage, 4-72
sampling
and life-cycle cost, 4-115
in questionnaires/surveys, 5-89-5-90
SCAN (strategic creative analysis), 3-167
scatter diagrams, 5-39, 5-47-5-49, 5-53, 5-104
scenario alternatives, 3-170, 3-171
scenario analysis, 2-221-2-222, 5-150
scenario planning, 3-159, 3-168-3-169
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scheduling, 3-225, 6-39 site impact, 2-7, 2-136
schematic design, 4-190 heat island effect, 2-138-2-139
scope light pollution/trespass, 2-137
creep, 4-134-4-135 stormwater management, 2-136-2-137
in project plan, 4-168 and travel, 2-139-2-140
of services, 2-285 site search, 4-188
of work, 4-162 site selection criteria, 4-188
secondary circulation, 4-174, 5-224 situational leadership, 3-193-3-194, 3-205-3-206, 3-
secondary sites, 1-213-1-215 248
security situation-appropriate communication media, 1-133—
deposit, 5-227 1-136
and facility grounds, 4-39-4-40 six sigma, 5-10, 5-56-5-59
evaluation of measures for, 3-70-3-71 skill variety, 3-241
and radio frequency identification, 6-86 SLAs. See service level agreements
systems, 4-29-4-30 “small talk,” and cross-cultural communication, 1-38
and wireless networks, 6-100 SMART goals/targets, 2-17-2-18, 4-123-4-124
in workplace, 3-58-3-60, 3-67-3-71 SMART test for requirements, 4-177
self-actualization, as occupant need, 3-13 “smoothing” facility management investments, 2-
seminars, use in training/testing for emergency 208-2-209
preparedness/business continuity, 1-230, 1-232 snagging list, 4-225, 4-273
sender in communication process, 1-12 snow/ice removal, 2-114, 4-72
sensitivity analysis, 2-221-2-222, 5-150 social belonging, as occupant need, 3-10-3-11
SEP (Statement of Energy Performance), 2-52 social bookmarking, 1-47
sequencing, and building automation systems, 6-39 social media/networking, 1-47, 1-135
service charge allocations, 5-219-5-220 social space, 3-42
service contracts, 2-275 social style, 3-126
service failure, 288 software as a service, 6-19
service level agreements, 2-277-2-279, 4-90—4-92, 4- soil pollutants, and indoor air quality, 2-97
97-4-99, 4-101-4-104, 5-10, 5-72-5-73 solar energy systems, 2-69-2-70
service performance assessment, 3-161-3-162, 5- solar gain, decreasing, 2-62
112-5-115 solar reflectivity index, 2-138, 2-139
service providers. See contracting source credibility/status, and communication, 1-18
service quotient, 4-127 SOWs (scope/statements of work), 4-162
service/resource flexibility, in facility management space, 5-194
contracts, 2-287 space, acquiring, 4-187-4-189
service response cards, 5-98-5-99 space, designing, 4-186-4-191
service specifications, 2-275-2-277, 2-278-2-279, 5- space forecasting, 5-197-5-198, 5-200-5-201
10, 5-67-5-68 space, leasing, 4-189
drafting, 5-72 space management, 5-194-5-197, 5-198, 5-199, 6-
facility manager role in, 5-71-5-72 54-6-56, 6-105-6-106
output-based, 5-68-5-71 space measurement standards/benchmarks, 5-204-5-
performance-based, 5-68-5-71 206
prescriptive, 5-68-5-71 space needs assessments, 3-162
shareholders’ equity, statement of, 2-153 space planning, 5-197-5-198, 5-202-5-204
shelter-in-place, 1-199 space programming, 4-172-4-174, 5-201-5-202
Shewhart, Walter, 5-6 space, purchasing, 4-189
short-term/liquidity ratios, 2-234-2-235 space requirements, 5-197-5-198
should-be process maps, 5-121 space standards, 4-172—4-174, 4-178
sick building syndrome, 3-27 span of control, 1-199, 3-219-3-220
signage, 4-18 spatial differentiation, and FM organization, 3-221—
silence, and cross-cultural communication, 1-38 3-222
simple payback period, 2-32-2-33, 2-41 SPC (statistical process control), 5-60-5-62
single net lease, 5-221 special cause variation, 5-10, 5-111-5-112
single-entry accounting, 2-167 specialized vs. standardized services, 3-222
sinking funds, 5-166 specialties, as element in building interiors, 4-33
site, 5-194 specifications, 2-275-2-277, 2-278-2-279, 4-162
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SPP (simple payback period), 2-32-2-33, 2-41
SRI (solar reflectivity index), 2-138, 2-139
stack plans/diagrams, 5-204
staff vs. line management, 3-220
staffing, 3-224
staging areas, in emergency management, 1-199, 1-
201-1-202
stakeholders
and communication, 1-125-1-126, 1-133
managing, in project execution/control, 4-257—4-
258
in project plan, 4-168
in sustainability, 2-24-2-26
in technology, 6-22—6-28, 6-111
standard deviation, 5-61-5-62
standardized contracts, 4-224-4-225
standardized vs. specialized services, 3-222
standards, 5-10, 5-27-5-28
accounting, 2-157-2-159
conformance, 5-21
consensus, 5-21
in projects, 4-165-4-166
quality, 4-208, 5-21-5-28
and operations and maintenance, 4-8
and real estate/property management, 5-161-5-
163
space, 4-172-4-174, 4-178
space measurement, 5-204-5-206
sustainability, 2-48-2-50
standby power loss, 2-68—2-69
standing operating order, 4-65
standing work order, 4-64
start-up phase in business life cycle, 5-139
state/cross-border benchmarking/budgeting, 2-190
statement of cash flows, 2-153, 2-201-2-202
Statement of Energy Performance, 2-52
statement of shareholders’ equity, 2-153
statements of requirements, 4-171, 4-175-4-178
statements of work, 4-162
statistical process control, 5-60-5-62
stay/move analysis, 3-170
step lease, 5-221
storm preparedness, 4-19
storming stage in team life-cycle model, 3-227
stormwater management, 2-136-2-137
strategic business plan, 3-148-3-149
strategic creative analysis (SCAN), 3-167
strategic facility plans, 3-142, 3-176-3-177, 4-159-4-
160, 5-172, 5-174, 6-6
buy-in/approval, 3-175-3-176
change process, 3-174-3-175
developing (Planning phase of strategy life-cycle
model), 3-171-3-178
formulating strategy, 3-172-3-174
validating strategy, 3-174
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strategic partner role of facility manager, 3-196-3-
198
strategic planning, 3-140-3-144, 4-159-4-160, 5-171

execution, measurement and feedback, 3-143

feasibility studies, 3-159, 3-168-3-169

gap analysis, 3-170, 3-171

scenario alternatives, 3-170, 3-171

scenario planning, 3-159, 3-168-3-169

statement of requirements, 3-170-3-171

and sustainability, 2-21-2-26

SWOT (strengths, weaknesses, opportunities,
threats) analysis, 3-159, 3-165-3-167

tactical planning, 3-143

See also strategic planning process

strategic planning process, developing and

implementing (Analysis phase of strategy life-
cycle model), 3-157-3-159, 3-170
benchmarking, 3-159
brainstorming, 3-159, 3-165
feasibility studies, 3-159, 3-168-3-169
gap analysis, 3-170, 3-171
lease-versus-own variants, 3-159, 3-169-3-170
programming, 3-159-3-165
recommendations/approvals, 3-170, 3-171
scenario alternatives, 3-170, 3-171
scenario planning, 3-159, 3-168-3-169
statement of requirements, 3-170-3-171
SWOT analysis, 3-159, 3-165-3-167
See also strategic planning

strategic requirements, aligning facility’s to entire
organization’s (Understanding phase of strategy
life-cycle model), 3-144-3-145, 3-147-3-148, 3-
154-3-157

balanced scorecard, 3-151-3-154

business unit goals, 3-157

client profiles, 3-157

comprehensive data for organization, 3-156—3-
157

defining purpose, success and objectives, 3-155—
3-156

facilities audits, 3-148, 3-151

facilities registers, 3-148, 3-149-3-151

gathering data, 3-156

mission statement, 3-145-3-147

organization culture, 3-145

organizational values, 3-145

strategic business plan, 3-148-3-149

vision statement, 3-145-3-147

strategy, 3-138, 3-141

facility manager’s role in, 3-137

life-cycle model, 3-143-3144. See also strategic
requirements, aligning facility’s to entire
organization’s

and technology, 6-6—6-10

See also strategic planning
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streaming media, 1-48, 1-134
stress, 3-34-3-35, 3-37
stretch goals, 3-210
structural/functional models of FM organization, 3-
221
style books, used in business writing, 1-75-1-76
subcontract requests, 4-241
subcontracting, 2-285-2-286
subletting, 5-232-5-233
substructure, 4-11
subtask, 4-195
succession training, 3-94
sunk costs, 2-233, 2-234
superstructure, 4-11
supplier relations and communication, 1-8-1-9
supplier relationship management, 3-259, 3-263-3-
264
supply chain, 2-85-2-86
supporting functions, 1-172, 1-173
surety bond, 4-226-4-227
surveys/questionnaires, 5-10, 5-88-5-89, 5-97-5-98
design of, 5-90-5-95
response rate, 5-95-5-97
sampling, 5-89-5-90
sustainability, 2-3-2-5, 2-6
and acquisition of physical assets, 4-48-4-49
balanced scorecard, 2-54-2-55
categories of, 2-6-2-7. See also energy; indoor
environmental quality; materials and
resources; quality of services; site impact;
waste; water; workplace management
certification, 2-51-2-54, 5-26-5-27
and geospatial information systems, 6-78
and integrated workplace management systems,
6-58
metrics, 2-45-2-47, 2-54-2-55
and operations and maintenance, 4-30-4-31
plans, 2-21-2-31
policies, 2-14-2-21
principles, 2-5-2-6
projects, 2-31-2-32
rankings, 4-48-4-49
role of facility managers in, 2-1
stakeholders, 2-24-2-26
standards, 2-48-2-50
and technology, 6-13
and Triple Bottom Line, 2-8-2-10
vision, 2-14-2-15
sustainable procurement, 2-82—2-86, 2-134, 2-250-2-
251
swim-lane charts, 5-122
SWOT (strengths, weaknesses, opportunities, threats)
analysis, 3-159, 3-165-3-167
systems, 4-140, 5-10
systems operation and monitoring, 4-68-4-69
systems thinking, 5-10, 5-11-5-14
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tabletop exercises, use in training/testing for
emergency preparedness/business continuity, 1-
230, 1-232
tactical plans, 3-180-3-181, 3-143, 5-174
implementing strategy using (Acting phase of
strategy life-cycle model), 3-178-3-181
tactile learning style, 1-93, 1-94
task, 4-195
behavior, in Hersey-Blanchard situational
leadership theory, 3-194
identity, 3-241
list, 4-194-4-197
maturity, 3-193-3-194
significance, 3-242
taxes, property, 2-153
TCO. See total cost of ownership
TCP/IP (Transmission Control Protocol/Internet
Protocol), 6-92
team/resources, acquiring, 4-233-4-235
evaluating internal staff for project team, 4-236
selecting staff/contracted resources, 4-242-4-244
specifying contracted resource selection process,
4-237-4-238
team/resources, planning, 4-213-4-214
contract details, 4-223-4-229
design/engineering construction documents and
drawings, 4-214
procurement management, 4-219-4-223
project charter/project objectives statement, 4-
214
project management plan, 4-214-4-215
project team staff/contractor specifications, 4-
216-4-219
teams, 3-225-3-226
behavior theories, 3-230-3-232
communication networks, 3-229-3-230
decision-making processes, 3-229
evaluating, 3-234
group dynamics, 3-228
inputs, 3-227-3-228
intergroup dynamics, 3-228-3-229
life-cycle model, 3-226-3-227
motivating, 3-233-3-234
outputs, 3-230
processes, 3-228-3-230
rewards, 3-233-3-234
technical request for proposal, 4-241
technology, 6-1-6-3, 6-10-6-11, 6-21
access, 6-19-6-20
automated, 6-35-6-37
benefits of, 6-7-6-8
building. See building technology
cloud computing, 1-46, 6-18-6-19
communication, 1-8, 6-20, 6-90-6-100

Edition 2013, Version 1.0

@ Printed on 100% post-consumer waste recycled paper.



technology (continued)
and competition, 6-12
and demographic changes, 6-14
facility technology plans, 6-9-6-10
and globalization, 6-12
increase in microprocessor speed/capacity, 6-14
and innovation, 6-104-6-106
interoperability, 6-15-6-17
and knowledge workers, 6-12—6-13
and mobility of workers, 6-106-6-108
needs assessment, 6-115-6-116
optimization process, 6-113-6-114
projects, 6-111-6-126
role of facility managers in, 6-1
risk management for, 1-185-1-187
software as a service, 6-19
and space management, 6-105-6-106
stakeholders, 6-22—6-28, 6-111
and strategy, 6-6-6-10
and sustainability, 6-13
and virtualization, 6-17-6-18
workplace, 6-104-6-108
telecommuting/telework, 3-49
teleconferencing, 1-48, 1-111, 1-134
temperature, 3-24-3-26, 3-32
tender/bidding, 4-237-4-238
term, in leases, 5-227
termination of leases, 5-233-5-234
text messaging (texting), 1-48, 1-134
Theory X and Y, 3-190
thermal comfort of occupants, 2-103
thermal scanning, 6-74-6-75
thermal systems, 2-69-2-70
thermal treatment of waste, 2-125
third parties, and safety, 3-65-3-66
3D imaging, 6-73-6-74
3G mobile communication system, 6-92
360-degree feedback, 3-111
Three Star System, 2-54

time orientation, and cross-cultural communication, 1-38
time value of money, 2-153, 2-216-2-217, 5-144-5-146

timing, and communication, 1-19

title, and real estate due diligence, 5-213

to-be process maps, 5-121

tolerance risk management strategy, 1-178

top-down flowcharts, 5-44

topic matrix, use in policy development, 2-15

total cost of ownership, 2-39-2-40, 2-41, 3-165, 4-
112-4-114, 5-141

total costs, 2-229

total productive maintenance, 4-118

total quality management, 4-208, 5-10

town hall meetings, 1-135

TQM (total quality management), 4-208, 5-10

tracing, cost, 2-231

Index

traditional costing, 2-231, 2-232
training, 3-90-3-91, 3-95
and diversity, 3-131-3-132
for leadership skills, 3-212
for new employees, 3-91
off-site, 3-91-3-92
on-the-job, 3-92-3-94
succession, 3-94
transactional leadership, 3-206
transfer/share risk management strategy, 1-180, 1-
187, 2-285
transformational leadership, 3-206
transition, in facility management contracts, 2-288-2-
289
Transmission Control Protocol/Internet Protocol
(TCP/IP), 6-92
transport systems, 2-65, 4-20—4-22
transportation infrastructure, 4-38
travel, and sustainability, 2-139-2-140
trend, 5-10
trend analysis, 5-10, 5-63-5-67
trial balance, 2-153
Triple Bottom Line, 2-8-2-10
triple net lease, 5-221
Tuckman’s team life-cycle model, 3-226-3-227
2D bar codes, 6-81, 6-82—6-83
twisted pair technology, 6-91

U

Understanding phase of strategy life-cycle model. See
strategic requirements, aligning facility’s to entire
organization’s

Understanding phase of sustainability plan
development, 2-26-2-27

undeveloped areas, 4-38

unenforceable contracts, 2-262

unilateral contracts, 2-262

union/work council environment and communication,
1-8

unit costs, 2-231

unity of command, in emergency management, 1-199

unplanned maintenance, 4-7, 4-53, 4-56-4-57

unscheduled maintenance, 4-7, 4-53, 4-56-4-57
upward communication, 1-16-1-17

use and exclusive clauses in leases, 5-228

useable area, 4-173, 5-224

useful life of assets, 4-116-4-119

data-measuring tools, 4-117-4-118
degradation curves, 4-116-4-117

utilities, 4-38, 5-228

Vv

validation, in project closeout, 4-273
validity, 5-82-5-83
value, and real estate due diligence, 5-212
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value judgments, and communication, 1-18
variable budgeting, 2-183-2-184
variable costs, 2-153, 2-184, 2-227-2-228
variable expenses, 2-153
variable speed drives, 2-63
variation

controlling, 4-215, 5-110-5-112

measures of, 5-60-5-62
vendor

conflicts, 2-290-2-293

failure, 2-288

delivery capability, in facility management

contracts, 2-286

relations and communication, 1-8-1-9
ventilation, and indoor air quality, 2-97
vibration, and comfort of occupants, 2-106-2-107
videoconferencing, 1-48, 1-111, 1-134
virtual private network, 6-92
virtualization, 1-110-1-114, 1-134, 2-94-2-95, 6-17—

6-18

visual comfort of occupants, 2-103-2-105
visual learning style, 1-93, 1-94
visuals, used in presentations, 1-98, 1-100
VOC (voice of the customer), 5-10
voice of the customer, 5-10
Voice over Internet Protocol (VoIP), 6-92
void contracts, 2-262
voidable contracts, 2-262
VolIP (Voice over Internet Protocol), 6-92
VPN (virtual private network), 6-92

W, X, Y, Z

walk-throughs, 5-99-5-101
WAN (wide area network), 6-93
waste, 2-7, 2-124
collection, 2-124
composting, 2-125
disposal, 2-124-2-125, 4-74-4-75
hazardous materials, 2-135
recycling, 2-125, 2-129-2-135
reducing, 2-126-2-129
resource recovery, 2-125
thermal treatment of, 2-125
water, 2-7
benchmarks for use, 2-78
and boiler operation, 2-80
landscaping, water-conserving, 2-80
pricing, 2-79
reducing use of, 2-79-2-80
reusing/recycling, 2-80-2-81
understanding use of, 2-77-2-79
waterfall model, 4-149-4-150
waterway and marine maintenance, 4-38

WBS (work breakdown structure), 4-194-4-197, 4-
214
WBS dictionary, 4-196-4-197
Web conferencing, 1-48, 1-111
Web sites, 1-48, 1-135
Webcasting, 1-48, 1-134
Webinars, 1-48, 1-134
wellness, occupant. See occupant wellness
wetlands, 4-38
whiteboarding, 1-48
wide area networks, 6-93
wikis, 1-48
wind systems, 2-70-2-71
wireless access point, 6-93
wireless local area networks, 6-93
wireless networks, 6-97—-6-100
wireless technology, 6-91
WLAN (wireless local area networks), 6-93
work breakdown structure, 4-194-4-197, 4-214
work coordination, 3-243-3-244
work logs, 4-125
work package, 4-195
work strategies, alternative, 3-48-3-50
workflow diagrams, 3-165, 5-44
workflow, maintenance, 4-60-4-67
working capital, 2-153, 2-198
workplace safety. See safety
workplaces, 2-7, 2-92-2-93, 3-39-3-40
collaborative, 3-43
distributed workspace, 3-48-3-50
effective, 3-4-3-7, 3-22-3-23, 3-44-3-47
efficient, 3-47-3-48
facility footprint, reducing, 3-39-3-42
flexible use of space, 2-93-2-94
focused, 3-42-3-43
healthful, 3-22-3-23. See also indoor
environmental quality
and knowledge economy, 3-42-3-44
productivity of, 2-95, 3-22-3-23, 5-119-5-121
safe, 3-58-3-67
secure, 3-58-3-60, 3-67-3-71
virtual, 2-94-2-95
workshops, use in training/testing for emergency
preparedness/business continuity, 1-230, 1-232
writing, 1-55-1-57
content, 1-57-1-65
format, 1-69-1-71, 1-73-1-74
organization, 1-65-1-69, 1-71-1-73
style, 1-75-1-79
See also business plans; e-mail; letters; memos;
reports
zero-based budgeting, 2-153, 2-185
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