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Introduction

The US aviation industry experienced unprecedented growth in the 1970s, 1980s, and early 1990s. Faced
with expanding operations and an increasing number of passengeEnveo airport managers rallied to
address the demands of capacity expansion as best they could. When combined with the community pride
associated with landmark airports, this exponential growth spurred airport managers to focus on building
iconic facilities that were intended to meet the needs of the traveling public, serve as an economic growth
engine for their region, and represent the commun]

On the heels of this prosperity and growth, the industry experienced a sudden econoriiciowhe
late 1990s, which was immediately followed by the watershed events of September 11, 2001. These events
would drasticallp and permanentfy redefine the airport operational environment. Accordingiszal
Times(Jasen 2011), passenger carrierst@e a cumulative loss of $63 billion in the decade between 2000
and 2010. As would be expected, these losses directly affected airport budgets, but it also reduced the
bonding capacity necessary to fund the capital programs at many airports. Thisrsiuzastiexacerbated
by a passenger facility charge cap that had not been raised for 20 years and lagged behind inflation.
Economic woes, reduced custoni@se, constrained funding, and obsolete charges combined to present a
significant change for the indugtr previously, airports enjoyed budgets commensurate with their
responsibility to their traveling publicds expect

In short, the changes wrought by deregulation and pcktgamomic shifts over thast 20 years have
significantly shifted business demands under which airports must operate. Rather than focusing en growth
fueled improvements, airport staff is faced with the challenge of stretching budgets by preserving assets
and identifying longterm @erating efficiencies. The challenge becomes more complex when one considers
the increasing number of new and aging assets in airports, managed over multiple departments that use
many different standards and tools that are also quickly approaching tlo¢ thedt useful life. Airports
currently procure new assets using a linear and siloed approach, starting with planning, progressing to
designing, building, operating, maintaining, rehabilitating, and finally decommissioning. Because of this
linear approachthe total cost of owning an asset throughout its entire life cycle is often not considered in
ongoing procurement decisions. As a result, many US airports are forced to either 1) retrofit their facilities
under high capital replacement costs; or 2) cerage under the burden of the highest possible level of
ongoing operating costs. Neither represent an optimal situation.

A better alternative is to shift toward actively managing the total cost of ownership (TCO) to improve
procurement decisiemaking anduse both capital and operating funds. Fortunately, TCO is not a
theoretical construct, but a proven process that is used successfully in manufacturing, transportation, and
utilities. It renders quantifiable results and it is immediately available fobwys@rport management,
enabling them to make informed decisions based on lifecycle costs.

The airport industry is welpositioned to take advantage of industry experience in the best practices of
asset management, TCO technology, and operational effici€@urrent research, as presented in this
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gui de, suggests establishing a fAisystematic viewo
and desigrevel decisions set the tone for proper asset management planning and a full understanding of
total ownership costs.

A research team of industry and asset management experts developed and organized this guidebook on
behalf of the airport management industry, based on the knowledge, expertise, opinions, and
recommendatios of actual airport personnel and other aviation professionals. This guidebook provides a
comprehensive collection of case studies, best practices, and a TCO Tool to facilitate the implementation
of a robust and reliable TCO program. The program has designed to be easily integrated within the
airportsd existing and planned asset management p|

This guidebook is intended to be a resource for airport personnel, to support the implementation of their
TCO program. It has been organized to allowdess to find and focus on particular areas of information
or interest within the guidebook, as needed.

Chapter One provides the reader with a general overview about the Airport Cooperative Research
Program (ACRP) 04.3 research project along with the caritand organization of this guidebook.

Chapter Two introduces the reader to the new industry asset management standards (ISO55000), with
an emphasis on life cycle cost. It also discusses how to consider life cycle cost within an enterprise asset
management system.

Chapter Three introduces the reader to procurement strategy and best practices from different industries.
It discusses both the benefits and limitations of TCO, the status of TCO at airports, its impact on
procurement, and how to encage its implementation. Additionally, it discusses the impact of TCO on
capital and maintenance projects.

Chapter Four discusses the incorporation of susteé
discusses how sustainability is central ipait procurement decisions, and its impact on operations and
maintenance. Additionally, the reader is informed about supply chain sustainability and airport utility
budget management. As part of this chapter, each topic includes a case study to inflisougiseon.

Chapter Five introduces the reader to Building Information Modeling (BIM) and how BIM is a valuable
concept in assisting airports in the procurement process and in the asset and life cycle management of the
assets. This chapter details what @rport needs to consider when implementing BIM and how to
successfully implement it. Additionally, it shows examples of airports using BIM.

Chapter Six is about O&M Ready. O&M Ready is a concept of filling the gaps between the different
phases of thesaet life cycle. By implementing O&M Ready, the communication increases between the
different business units and allows for a seamless commissioning process of the asset. In this chapter, the
reader learns about O&M Ready and how O&M Ready will benefitair t s 6 oper ati ons anc
activities.

Chapter Seven provides a case study of a utility that implemented an asset commissioning and turnover
process.
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Chapter Eight presents the reader with four case studies, three airports and-amparguiescribing
the journey and current status of these organizations in the areas of asset management, CMMS, TCO, and
procurement. These case studies demonstrate examples of airports (Toronto, Phoenix, and Atlanta) that
have been successful and one that ikiegado implement TCO and the challenges that they are facing.

Chapter Nine includes information and description about the TCO Tool in terms of its architecture,
elements, features, input, and outputs. It informs the reader about the life cycle calaukttiodologies
and analysis that the tool can conduct.

Chapter Ten provides the reader with a road map on how to successfully implement these procurement
best practices, on how to successfully launch and navigate through the execution of strategissheuic
TCO procurement strategy within an organization, using the DELTA FORCE method.

Chapter Eleven provides some insight into the future of asset management at airports, to identify what
the airports might be facing in managing their assets espeamlirports participate in the Internet of
Things (loT) to become fAsmart small cities. o
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Asset Management Systems
Implementation 7 A Catalyst for Life Cycle
Cost

Asset management is a set of practices focused on making informed decisismstdiatssets throughout

their whole life cyclé from ongoing procurement, performance tracking, mtexance, and
decommissioningTaken as a whole, these practices result should result in controlled operational
expenditures, optimized reliability, and rexed risk. This chapter describes asset management as the
overarching framework within which many of the subsequent tools and methodologies described in this

guidebook have a role.

The International Organization for Standardization (ISO) developed and produced an international
management system standard for asset management. The standard is knowss890SThe main goal
of ISO 55000 is to enable organizations to achieve theiratipaal objectives through an effective and
efficient management of their assets. This implementation assures that these objeetactseved
consistently an@resustaied over time.

An asset ma n aig thersetrot intesrglaset andh intérawy elements of an organization,
whose function is to establish the asset management policy and asset management objectives, and the
processes needed to achieve those objectives. 0

An asset management system consists of the set of tools, policies, plaimgsé processes, and
information systems collectively working together to achieve and deliver the asset management activities.
Figure2-1 shows the relationship between the different asset management terms.



Managing the
organisation

Asset
management

Asset
management
system

Asset
portfolio

Source: ISO 55000

Figure 2-1. Relationship between asset management terms

Coordinated activity of an
organisation to realise value
from assets

Set of interrelated or
interacting elements to
establish AM policy, AM
objective and processes to
achieve those objectives

Assets that are within the
scope of the asset
management system
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Benefits of Asset Managemeiihe implementation of asset management has many benefits to the
organization (ISO 55000 2014Yhey include:

1 Improve financial performancé There is morenformed allocation of capital and op¢ion funds
within the organization, optimal O&M of assets to preserve their value, and irctnedisen on

investment (ROL

1 Informed asset investment decisidn8etter data collection, management, analysis and reporting
improves the decision making, tezes risks and improves performance.

1 Managelriski Internal riskis reduced by avoidinfinancial losses, improvkhealth and safety, and
regulatory compliance. Thrgsultsin fewerliabilities, which would reduce insurance premiums and

fines. Externalisk is also managed through environmental stewardshipinaoived relationshifs
with local community stakeholders.

1 Improved services and outputs Improved asset performanckadsto improved services and

products.

1 Demonstraté social responsibility Denonstrate social responsible and ethical business practices

allow for investments in thiecal communityto have a positive impact on the commurittlarge.

1 Demonstraté compliancei It is easier to ensurgansparent compliance with legal and regulatory

requirements as wellb adherdgo asset management standards, policies and processes.

1 Enhancd reputationi Improved customer satisfaction and relationship with stakeholbeilsls
the organizationos

confidence wi

1 Improvel organizationhsustainabilityi The organization is able to moréextively manage the
short and longterm effects, expenditures and performaoicis activities

1 Improvea efficiency and effectivenedss The organization is able to bettenplement, review and

t h

ability

t

improveits processes, procedures, and asset performance to improve efficiency and effectiveness.

10

o
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Implementing asset management practipesvides the organization with sbust and structured
approach tomanagimg the assetlife cycle, relative to risk and organizational goa&milar to the
implementation of angomprehensive business apprgaa$set managemergquiresthe commitment of
resourcegnd patience to achieypositive gains at both the functional ahe organization levels.

Asset management can help an organization to manage complex and voluminayes rtadfrom
various sourceand indifferent formats and qualitythere are methods faollecing, storing, assuring
quality, organizing, analyzgnand producing reportslaving theselata management processes in place
allows the organization to better understand the inputs and outputs from the system, which positively
impacts the quality of thassetdecisions made.

The implementation process of asset management systean bea catalyst to the organization in terms
of bringing new perspectives and value added improvements. These improvements would inspire and
positively impact other functions such as finance, human resources, information egyh(id), and
procurement.

The effectiveness of an asset management systdigs uponcrossfunctional organizatiorwide
implementationto ensure its focus is dinnctional integration andife cycle planning.Enterprisewide
application of asset managentallowsstaff todevelop a TCO for assets and identify and present the real
cost and value of this asset to the organization.

As part of the research informitigis guidebook, airport personnel were asked to rate the success of their
asset managemeiniplementation at their airport. The rating was on a scale of 1 to 10, where 1 is not very
successful and 10 is very successfilie majority of the responses indichte t h at t hsset ai r por
management programs are at a good to a satisfactory Stegresponses and their distribution per airport
classification are presented in Figur@.2

Asset managemealso presentan advantagtor the financial functions within the organization. Linking
the asset information with the financial one provides aebettitiook and assessment of the funding
requirements of the assets.

One of the main objectives of any organization is to manage and redudessisknanagemeryractices
provide the needed information to manage assets based on their perforpmdanial for failure, and
consequences resulting from that failure. The organization is able to continually prioritize investments and
deliver service in a way that considers various types of risks, allowing the organization to takéeantong
and sustainablapproach to decisiemaking.
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GA
Reliever
NH NP

Figure 2-2. Successful asset management implementation distribution per airport classification

Enterprise Asset Management Systems

Enterprise Asset Management (EAM) is the optilifialcycle management of the physical asseteoss
an entireorganization. It deals with every phase of the asset from design, construction, commissioning,
operations, maintenance, and decommissioning. EABE variousoftware toolsas enablers to manage
asset dat and good decisiemaking.ISO 55002 (Asset Management Guidelines for ISO 55001) outlines
the information management technology part (EAM) as support to the asset management system
implementation. The implementation oOEAM and support systems providemary benefits
(Reliabilityweb.com 2011 )including

1 Informed assdife cycleand replacement forecasting
Increasd system reliability

Improved maintenance records and history

Reduce maintenance work and its related cost

Reduce equipment downtime

Reduce reactive maintenance work

Effective and efficient preventive maintenance program

Improvel relationship between operations and maintenance

=A =4 =4 4 -4 -4 -4 -9

Enhancd MRO and purchasing control
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Improvel health and safety

Improved stewardship

Regulatory compliance

Improved rdiability

Reduce emergencies and imprayeelationship with stakeholders

Cost savings

= =4 =4 4 -4 - -2

Life cycle approach tdettermanage capital expenses

EAM Data Management Systems

There are many organization asset management systems in the market that canchd bglzesystems
range from a simple spreadsheet to a complex system that includes maintenance planning and scheduling,
assetsd analytics, and g Sane pfdhe mast famdian systame:asl, t | me i
Mainsaver, Ventyx, SAP, IFS, G¥&LE (Work and AM), Infor, Schneider (Invensys), and IBM (Maximo).

| BMO6 s Ma x i isoseds this guelebook as an example of an EAstem Maximo has been
integrated intanany organizations worldwide. It has a core solution and manyladtbdules The core
solution isMaximo Asset Managemerithe addons modules includeSpatial, Scheduler, Linear Asset
Manager, Health Safety And EnvironmedSg), andCalibration.

Maximoaffectst he organi zati onsd® asset management and cu
From anasset managememerspective, Maximo helps with:

1 Assetinventory
Condition assessment

Priority and risk analysis

Capacity planning

1

1

1 Preventive maintenance

1

1 Infrastucturelife cycle planning
1

Predictive maintenance

From a customer service perspective, Maximo helps with:
Call center operations

Service management

Contractor management

1
1
1 Construction management
1
1 Fleet management

1

Regulatory compliance

13
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Maximo systems addsany business values to the industries through:

I Risk and compliance management
T Regulatory
T HSE
1 Operations Excellence
T Implementing best practices
T Reliability
1 Business agility
I Standardization
T Ability to adapt
1 Business alignment
T Supporting strategic goals
i CAPEX and OPEX
1 System consolidation
i One data source
T Cost and complexity

Table2-1 provides some examples where EAM systems have provided measurable efficiency gains to
for a variety of business functions in numerous industries and applicB<015).

Table 2-1. Business values through implementing an asset management system

Business Scenarios ROI Points Customer Examples
Electric Distribution Utility achieves 14% productivity
improvement while reducing the workforce 7% through

A oMo
Labor Utilization Up 8-20% attrition. Tracked increased work historical accomplishment

A large Original Equipment Manufacturer (OEM) reduced
overhauls from 56 days to 21 days

A fleet management company saved US $9.5M by meeting
100% availability with fewer vehicles

A consumer products company with a medium size fleet
increased warranty recovery 50%

Power generation utility 5% reduction in planned overhauls
Plant Downtime Down 3-18% and eliminated 5% of forced outages saving US $4.6M
annually

A large passenger railroad was able to identify US $18M in
excess or obsolete inventory

A power company reduced inventory by 26% and an
Inventory Costs Down 8-30% electric and water utility achieved 25% inventory reduction
and US $33M in savings

A rail maintenance service company reduced cost 20% by

Asset Utilization Up 2-5%
Equipment Purchases Down 3-5%

Warranty Recoveries Up 8-50%

Inventory Needs Down 12-30%

Material Costs Down 7-30% o .
optimizing material purchases
. Afl hasi ff
Purchasing Labor Down 6-20% eet management company reduced purchasing staff by
20%
Source: IBM

Implementing Maximo, or any asset management system, simooéhse functionahtegration,ensure
reliable operations, increase resiliency, reduce redundancy, and effectilely the organization to
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managehdr assetsn a way that is aligned with their financial and service gddie followingare some
of the functional areas where an EAlyistemsanbenefitthe organization.

I Process improvement
T Work management
T Asset management program development
T Supplychain management improvements
1 Information management

T Integration with geographic information system (GIS, finance, and other databases
T Integration with supervisory control and datuaisition and data historian for asset condition
monitoring
1 Modeling, model integration, and visualization
T Leverage tools for simulation
i Visualize the condition of the assets

1 Standards
T Configure data based on national and international standards
i Compliance with regulatory reporting standards

Informing Life Cycle Cost through EAM

EAM data systembouse angbrovideaccess to information that supports ba#ily operations andiise
capital investmentdn this way,EAM systemsmpact the various operational and managerial levels within
any organization.

Having key performancendicators (KPIs)or an EAM system allow the organization (frdimte and
decision makers) to identify the areas of concern within the systealways to optimize the processes,
andtrack cost and the ROI. Tmeostcommon measurdsr EAM systems aréCrain 2003):

9 Planned versus reactive maintenance (cost and number of hours)
Ratio of preventive maintenance of planned (cost and number of hours)
Ratio of predictive maintenance of planned (cost and number of hours)
Schedule backlog (cost and no. of hyurs

Inventory turns

Cost by equipment class

Maintenance cost as a percent of equipment replacement cost

Percent equipment availability

= =4 4 4 A4 -4 - -

Loss of revenue

Thesemeasures are integral for any organization to track costs and resources. Tracking these costs and
reurces through EAM allows the organization become more lean, robust and sustainable. Organizations
that implement EAM have claimed a three to five time return on the initial investment within the first 3
years (Maintenance Maven, accessed 2016). The avaagngs on maintenance expenditures ranges
between 10 and 40 percent (Maintenance Maven, accessed 2016). A further breakdown of these benefits is
in the following |ist (Berger 2010; O6Brien 2010)

9 15 to 20percent increase in productivity
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15 to 25percem reduction in equipment failure
20 to 40percent reduction in overtime
15 to 35percent reduction in spare parts cost

Up to 35percent reduction in spare parts inventory

= =4 =4 4 =9

UptoS0per cent increase in eqglifeicwlenent 6s resi dual va

Successfully utilizing and implementing EAMystemsat airports isfundamental to tracking and
managingthe life cycle ofasset and reducing the TCO. Ona@n EAM system is incorporatedt will
provide the organization information that will allaixto male better operational and capital decisions.
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Procurement Best Practices and TCO
Implementation at Airports

I n asset management , procur ement |l ies at the Hfbeg
asset management program, procgrian asset requires knowing and considering the total lifecycle cost

(TCO) rather than simply its purchase price. This chapter discusses elements of devising a procurement
strategy that incorporates TCO as a way of ensuring new assets support the assealmanagement

program objectives.

Procurement is an important and strategic diiivéhe overall process of managiogsts and delivang
expected levels of service bgn organization. Organizationsthat implement strong and reliable
procuement practicesare able to reduce costs (capital expenditures [CABEXHd operational
expenditures [OPEX]) and get twice as much measurable reduction as typical ones. This cost reduction
comes from gaining @ompetitive advantage through implementingkrimanagement practices and
supplierdriven innovation (Blascovich et al. 2014rocurement innovationkad to better supplier
management, timely procurement of assets, and organization integration and alignment towards a common
strategy.

Over the yearspr ocur ement has progressed froaminiegral need &
alignment betweebusiness units and functional strategiesmbined withanalysis of market dynamics.
As part of the research informirgis guidebook, airport personnekre asked about the procurement
methods used at their airports (Figuré&)3 The results showed that airports utilize multiple procurement
methods (low bid, RFP/RFQ, on call services, etc.), however, the one that is used the most is low bid.

Implementirg procurement best practicesalizesmany benefit§or organizations. These practices can
be achieved through having proper planning, processes, policies, guidance, and resources in place (Local
Government Victoria2013).Procurement best practices allaw organization to:

1  Get the best value for the money invested
Provide stakeholders with reliable services
Effectivdy and efficienly distribute available resources

Complywith federal and regulatory requirements

A 4 A4 A

Reduce and manage risk
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Number of Airports

Other

Multiple Methods
RFQ/RFP

Low Bid

Airport classification key: General Aviation (GA); Non-Hub Non-Primary (NH NP); Non-Hub Primary (NH P)

Figure 3-1. Procurement methods at airports

A study on excellence in procurement concluded that the procurement departments of the most successful
organizatonhad medi um to high invol ve megBlascovichetal.l2@&4)or gani
In these organizationprocurement hekto shape the business strategy anlensaire that iits fully aligned
with other business processésdescription of e value a procurement organization contributes to the
business, as it moves from a transactional to a-tdastng onevas detailed by Clearview Procurement
Business Services (web content accessed 2016). This description of the procurement vatnatélifius
Figure 32.
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. Class-
Strategic Leading
() Proactive
Commercial
()
Transactional
Tco - szte':: integration - Procurement contribute @ E-level
° and efficiency - Performance based supply base

P“"Ch?se order - Price focused - High order efficiency - High quality data - Influencing market / PP
domain focu.sgd - Bidding and negotiation and controls - Mature supplier supply base
Order expediting - Delivery and quality - Supplier involvement relationships - Revenue driven decisions

Compliance

inimprovements - Stakeholder partnerships

Procurement Capacity Continuum

Figure 3-2. Strategic procurement: value contribution curve

Procurement Strategy

Having a procurement strategy in plam@mnguide the organization through shoaihd longterm plans
andhelp facilitatethe transitiorof procuremenpractices from their current state on the spectrum to-class
leadingpractices. Thesssentialelements and characteristics safch astrategyare (Local Government
Victoria 2013,Blascovich et al. 2004

1
1

Leadership buwyn, support, and comnment towards implementing procurement best practices

Policies and procedures in place to support implementing procurement best practites
incorporating TCO into procurement policy

Alignment of business unitsunder a common strategy when dealing withopurement and
management of assess part of the research informittgs guidebook, airport personmvetre asked

if other divisions provided input into the procurement process or if it was conducted in a silo. The
majority of the airports indicated thather divisions provided input during the procurement process
(Figure 33).

Collaboration between business unit® encouragecommunication and cooperative working
environmers

Communication plan to increase awarenesshef various business units and thetivities and
services they providas well asbout procuremergrocesses

Increased involvement of Procuremémiotugloutthe phases d project
Increased capability gfrocurement personnigl:

i Policy and procedure development

I Risk management

I Negotations

i Bid evaluation
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T Project management

9 Accurate and consistedata collection, analysis, and reporting processes to assist in decision making

T Key performance indicators (KPIs) in place to measure outcomes and benchmark progress
I Available nformation ad data about vendors and their capabilities

1 Optimized procurement processes to reflect market conditions

1\ 0
In a Silo

Silo and Other Divisions

Reliever NH NP Other Divisions Have Input

NHP Small

Medium Large

Figure 3-3. Asset procurement process at airports

Additionally, as part of the research informitings guidebook, airport personngére asked to rate the
procurement process implemented at their airports. The majority of the airports gave it a satisfactory rating
as presented in Figure43 The rating was on a scale of 1 to 10, where 1 is not very successful and 10 is
very successiu
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N/A

Figure 3-4. Asset procurement process rating at airports

For an organization tadopt leadingprocuremenpracticesit first must know what they are, then work
to customize and ingrain those that fit their culture andnlessi objectives. Not all best practices make
sense for every organization and every circumstartts. sectiorlists generaprocurement best practices
gatheredrom across different industrieand then lists those specifically those from the power geoera
utility industry because of the depth of procurement experience that exists there.

General

9 Establish procurement policies and proceduresttiggtther servas a roadmap for the organization.
This guidance would provide the answers and clarificatiorthe business units on procurement
including responsibilities, outcomes, and processes

1 Equip procuremenprofessionals with the needed skills to effectively and efficiently conduct their
work and master their roles. These professionals should havelarstanding about the organization
and the implemented systems and processes in order to align the procurement with the different
business unit strategies. Additionally, procurement professional should have a strong understanding
of the market and the vdars to collaborate with them on changes and process improvements.

9 IncorporateTCOin theprocurement evaluation process. Provide vendors with the details about TCO,
how these values are analyzed, and how the vendor will be chosen based on TCO and ot base
lowest initial costAs part of the research informinljis guidebook, airport personngére asked to
rate the success of implementing TCO as part of their procurement process if they learned that
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considering and implementing life cycle costs in aitpasset procurement would improve asset
management, increase system reliability, reduce downtime, extends asset life, and reduce costs.
The majority of the airports gave a score of seven or higher (on a scale of 1 to 10, where 1 is not very
successfulad 10 is very successful). The results are presented in Figure 3

91 Develop alist of preualified vendors (quality of work, etime delivery, communication, cost). This
list should allow the buyers to communicate directly with these vendors, sincéndkieybeen
screened and evaluated by the organization. Prequalified vendors reduce risk and aid in building
collaborative working relationships.

9 Utilize available data to become more efficient and save time and money. The available data about
the vendors id the assets should help the buyer in procuring assets (or parts) without the need to
conduct additional market research.

I Have clear and thorough bid specifications that define the expectationalfiidnThis should ensure
accountability and reduce ki$or the organization.

A
|- | don't know
10

Figure 3-5. Potential success of considering the implementation of TCO as part of procurement
process at airports
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Utilities T Power Generation

Utilities, especially power generation, have extensive experiences in procurement and have many best
practices (Frost & Sullivan 2014) . TablddZummarizes these best practickany power utilitieshave
benefited from implementing procurement bestcpcas. For example, before the 1990s, power utilities
sawprocurement as a standalone business function. Rechatigver, utilities have worked to integrate
these activitiesacross the enterprisend alignthem with the business strategy. This integratiand
alignmenthasincreased the efficiency and effectiveness of procurement.

Table 3-1. Utilities procurement best practices

Facet Best Practices
Central Procurement - Clear procurement policies and guidelines
Team - Single-point vendor management
Procurement Automation . |mplement e-procurement services (registration, bidding, procurement)

- Implement maintenance, repair, and operation (MRO) program to
manage spare parts

Vendor Relationship - Produce list of reliable vendors
Management - Document vendor capabilities
Business Integration - Procurement team is integrated wi!

- Data analysis is available to procurement team

- Coordination between different supply chain teams through a
procurement leader

Strategic Sourcingand - Value-based rather than cost-based procurement

Capacity Management - Other parameters in addition to cost should include quality, warranties,
lead time, and technology

- Procurement to be a long-term plan
Global Sourcing - Identify multiple sources to procure from

As stated earlier, thairportindustryis shifting toward active management of TA@ an attempt to
improve procurement decisianaking and the use of both capital and operating fuh@g is aleading
methodology that looks beyond the procurement value/cost of the asset and attempts to take into
consideration the actual Atrued cost of t hat ass
commissioning, operations and maintenance (O&M), dedssioming, and replacementhere have been
advancements in the aviation industry, especially in the US, towards a greater understanding of TCO that
have paved the way for the new operating realities demonstrated by recent ACRP projects including:

1 Theory, practice, and technology for Asset and Infrastructure Management established in ACRP
report 69 and project 695

I Sustainable O&M guidance establish with ACRP report 110

9 Critical milestones for maintenance input on infrastructure projects establishediR p@ject 09
07

The Chartered Institute of Procurement and Supply (CIPS) published a document in 20Y¥ghiiled
Life Costingi The CIPS position, and what the buyer needs to kirothis document, CIPS listed views
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in support of using TCO as a besagtice for evaluating procurement alternatives. The highlights of these
views are listed below:

1 All procurement and supply management professionals should be knowledgeable about TCO.

1 Procurement professionals should be the ones taking the lead in imphegreerd involving other
business units in using TCO.

1 Procurement professionals should involve vendors in TCO implementation.

1 Procurement and supply management professionals are obligated towards making sure that high
value/high risk decisions are not basedprice alone.

 TCO can be implemented on low value purchases as well.

Through TCQ airports will be able to make better financial decisions when it comes to procuring assets
and the financial allocation requirements to these assets over their life Itywteuld be a true/close
representation of the actual cost of that asset. Additionally, through TCO financial fimggaasts can be
managed and significantly reduced.

Benefits and Limitations of TCO

According to research and industry publicatig@$PS 2013; FHWA 201Q)implementing TCO has
many benefit§or organizations of all typesSome of those include:

1  Better communication internally and externally

Ability to clearly evaluge competing alternatives

Awareness of total cost and holistic agsa@hagement

Better budgeting and prioritization of funds

Capability to completeiiancial analysis such as trad#fs, budget forecasting, and cost allocation
Ability to provide stakeholders with sound decision justification

Better services provided by verrd

Robust and better asset specifications detailed in the project bidding documents

= 4 A4 -4 A A A -2

Reduce risk of provided services6 quality

There are also limitations t6CO, whichinclude (CIPS 2013):
Future costs have uncertainty in them since they were projedtessva

Manpoweris necessarto attain information for completing the analysis

Maintenance and operational costs are not readily available

1

1

1 Itis dependent on theuglity of historical data as an input into the analysis

1

I State procurement policies that migletet from using other methods than low bid
1

Lack of resources to support and maintain TCO
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TCO Impact on Procurement

TCO is a comprehensive and inclusive process that extends across the organization. This process garners
input from various sources withingtorganization to determine the life cycle cost of the asset. To identify
the requirements that would most impact the cost of an asset, the research team asked a sample of airport
personnel to score typical organizational/strategic requirements, badeel iomptaict they would have on
TCO. The results are presented in FigBf@ The top three parameters that those interviewed believed
would most impact procurement are:

1 Design/Engineering decisions
1 Improve quality

1 Service level agreements

Design/Engineering Decisions
Improve Quality

Service level agreements
Specification development process
Warranties

Supplier selection

Delivery

Procurement process

Manage Supplier Performance

Negotiating Prices (Reduce rates and charges)

Terms and conditions

1 2 3 - 5 6 7 8 9 10

Figure 3-6. Impacts on TCO (average scores)

Asafollomup question to the scoring of these par amet
i mpl ementing TCO i mpact the procurement process?0o0
3-2.

Implementing TCGQat airports would have a positive impact on the quality of the services provided by
the airport to the stakeholders, which is due to procuring better material and services from vendors.
Additionally, capital and operational budgets will be better managddabiocated strategically towards
growth and better services.
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Table 3-2. TCO implementation impact on procurement parameters

Parameter TCO Impact

Design/Engineering decisions Longer schedule and changes to procedures

Specification development process  Minimal to no impact

Negotiating Prices Leverage product pricing

(Reduce rates and charges)

Supplier selection List of reliable suppliers

Procurement process More cost upfront for better deliverables that would be minimal
over the e&desetsd I|ife

Improve quality Longer life cycle, reliability, and lower O&M costs

Terms and conditions Minimal to no impact

Warranties Better products with longer warranties

Delivery Consistent delivery of services from different locations

Service level agreements Better agreements with vendors due to better products and
services over the life cycle

Manage Supplier Performance Minimal to no impact

TCO Impact on Maintenance and Capital Improvement Projects

Implementing TCO at airportshould, in effect,createa reliable and effective asséfe cycle
mai ntenance plan and budget. For exampl e, i ncorpo
should be incorporated into computerized maintenance management system (CMMS) at startup so that
there arepreventive maintenance plans in place to ensure higher equipment availability and longer life
leading to an optimized TCO.

In addition, having a TCO in place wdllow anairportto understandts short/long-term budget forecast
needs which can also b helpful in prioritizing capital improvement projects. TCO analysis and
documentation will provide a more robust, clear and defensible process for OPEX and CAPEX budget
development. Project managers can also use this information in the business casegm@s part of
their project submittal for approval. Based on more comprehensive TCO data, decision makers can then see
how a capital project will affect the lorigrm budgeto helpin prioritizing investments.

A study conducted by Swift and Brown @8) showed that through implementing TCO for capital
projects at the conceptual and planning phases of the project has a higherofltagatng savings over
t he p rlitkej cgctet Gnee the project goes into the next phases of design, implementation,
commissioning, and operatigiiese TCO savings would diminish. Fig@& illustrates these savings.

Furthermore, the Society of Automotive Engineers conducted a study that compdifedciiade costs
using traditional versus new asset management agpsarl he study compared two similar projects, where
one did not use TCO and the otlikd. The results have shown trelthoughadditional resources were
expended during the conceptual and design phasesof TCOhe over all <costlfesavi ngs
cyclewere greater thawhennot using TCO. The savings for this project were around 14 pereentts
life cycle Figure3-8 shows this comparison.

26



CRP Project 043

Contribution Opportunity for
LCC savings Cost committed

85% : $—Cost incurred

60% nowledge

Ease of change

—

R
_— s e
— — —

Conceptual/ Detail Construction System use,

preliminary | design and and/or phase out and disposal
design development | production

a mn 2

Source: Swift and Brown 2003

Figure 3-7. Opportunities for cost savings throughoutthepr oj ect 6s | i fe cycl e

I:l Non-recurring costs 50% I:l Non-recurring costs

I:l Recurring costs 42 I:I Recurring costs
35% O
° O - Potential Savings
—_ Up to 3%

(O

Operation 46' Operation

&S rt &S rt

12% AR I 12+3=15% Hppe
X
3% % | 3+1=4%

Source: Reliabilityweb.com (2015)

Figure 3-8. Cost savings comparison for a similar project if TCO is not utilized (left) and if TCO is
utilized (right)

To conclude, TCO presentsmany benefits to the different busgseunits at the airport in terms of
managing and reporting the condition of existing and future assets. Additionally, it will assist the airport

leadership in their decisiemaking on capital and operational investments.
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TCO will have the most significarimpact on the development o$pecificatiors and procurement
processedn order to successfully implement TCO, airport leadensilimeed toplay a key role by getting
on board early in the process and providing the business units with the needed. s\gqitionally,
business unitsé management should develop the bus
employees. The adoption and implementation will take time and resources to obtainabwall levels
(Fortin 2016)in order to suppor p-level vision with bottorrup operationalization.

The following techniques can be considered to encourage the incorporation of TCO:

1 Develop a procurement strategy

1 Have policies in place to encourage TCO implementation

T Include representatives from diffetdrusiness units in p#ieid meetings and communications
1

Compare an ass et §mthar thamdth acsiméat assetwithout dortsiderifg iTE0e
by identifying the cost savings, productivity gains, and risk mitigation
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Incorporating Sustainabillity into Life Cycle
Costs in Airport Procurement

Sustainability is material to airport procurement decisions because it helps integrate infrastructure
decisions with the broader business objectives of the airport, including its role and repw&th the
community. This chapter continues the discussion about procurement processes, this time showing how the
financial, social, and environmental impacts of the airport on the community can be taken into
consideration as part of asset planninggnad ocur ement deci sions in order

management program incorporates the costs and risks of resiliency and resource management concerns.

Sustainable actio@sreducing environmental impacts, maintaining higtabke levels of economic
growth, and supporting "social progredstepresent a broad set of activities that together ensure
organizational goals are achieved in a way that is consistent with the needs, and values of the local
community (Figure 41).

Environment

Sustainable
Community Airport Economy
Development

Y

Operations

Source: FAA, 2016

Figure 4-1. Sustainable airport parameters
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The Federal Aviation Administration (FAA) Voluntary Airport Low Emissions (VALE) Program helps
airports achieve its sustainability goals. Airport sustainability piakes these efforts a step further by fully
integrating sustainability into airport planning. FAA further supports airport sustainability planning by
providing eligible airports across the US with Airport Improvement Program grant funds to develop
comprehesive sustainability planning documents. These documents include initiatives for reducing
environmental impacts, achieving economic benefits, and increasing integration with local communities.
To date, FAA has provided grants to 44 airports (FAvw.faa.qgoy.

Sustainability is material to airport procurement decisions because it helps develop and integrate
infrastructure around the broader vision of what airports can be, capturing public support. Evaluating TCO
is about absing gaps in the asset procurement process by informing capital asset planning and procurement
decisions. Traditionally, the systems boundaries are the physical boundaries of the airpesisseshbing
repaired or replaced. However, the financial,i@p@nd environmental impacts of the airport on the
community it serves must be taken into consideration as part of asset planning and procurement decisions.
Why? Because issues like climate change, globalization, and growing population pressurenig creati
economic challenges as it comes to energy, water, and waste along with driving political and social action
as it pertains to equity, investments, and action on pollution.

All three areas that historically drive chargeonomics, government regulatipaad social demands
point to increasing complexity when it comes to planning, developing, and operating airports. Closing
procurement gaps by incorporating sustainability into the asset procurement process benefits current airport
stakeholders as well &sture generations.

This section highlights several areas where additional process, governance, and tools may be considered
by airports to be tailored and adopted in respect
multipliers and variabkeincluded in TCO decisions to be recalibrated as correctly as possible to best inform
decision makers by including not just financial, but also environmental and social impacts. As such, airport
managers are able to incorporate sustainability principtesTiCO Tools that inform decisions and drive
investments.

To do this, sever al isustainabilityd areas that N
including:

1 Resource conservation
9 Critical systems modeling

1 Impact on O&M

1 Supply chain gstainability

9 Airport utility budget management

Systematic Approach to Resource Conservation

Airport systems consume vast amounts of energy, water, and materials and output heat, emissions,
wastewater, noise, and waste materials to name just a few bxaatples. Traditional procurement
practices focus on the cost and quality of the resources along with the mesffectste means to dispose
of waste. This traditional practice fails to capture additional financial, social, and environmental impacts
on the broader airport community. TCO in airports must evolve to include these variables to account for
the Atrue costo even when that cost may be shifte:
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For resources, a systematic approach to measure, monitor, and manage usage is essential to both running
efficient operations and informing TCO decision makers for procurement decisions. Resource conservation
is a management system that requires roles asponsibilities, procedures, governance, information
management systems senior managementirhugtrategy, and goals. By developing a resource
management program for energy, water, materials, and waste, airports will be able to systematically identify
prgjects that are more sustainable for recommendations to a capital review process that funds planning and
procurement activities.

A systematic Resource Management Program (RMP) is operated by a central manager that assists
operational departments to develmseline and behavior over time metrics on, for example, energy, water,
and waste, resources to provide visibility and the opportunity to nominate RCMs to reduce or conserve
resources. RCMs may consist of capital projects, maintenance, procedure,tsegpdibehavior changes
that result in resource savings. Across airports, operations, departments and other business units may
produce multiple RCMs and over time, a portfolio of RCMs is available for budget review and informing
more sustainable procurentedecisions. In addition, an RMP provides baseline data to evaluate the
performance of procured assets vs. the prior status quo.

A systematic RMP operates when two organizational factors are in place. First, the airport has a
Sustainability Strategy Plan place with senior leadership responsibility and visible goals for improvement
over time. Second, a public relations or marketing Sustainability Plan, that reports annually on the
environmental, social, and economic impacts of the airport. This sevesabpurposes by educating and
informing stakeholders while recognizing and celebrating employees, carriers, and suppliers who make
sustainable progress possible.

Example: Seattle-Tacoma Five-Year Environmental Strategy Plan 2008-2014

The SeattleTacoma Environmental Strategy Plan served as a roadmap for achievin@ &ead s
environmental vision. It provided a framework for annual planning, budgeting and accountability by
identifying the measurable environmental outcomes targeted in 2014. The plamya@zed around three
themes: moving people and goods efficiently, managing natural resources wisely, and promoting
sustainable communities. Within each focus area, the plan:

9 Identified key environmental indicators
1 Summarized ongoing environmental improvernefforts
i Established aspirational goals for continued environmental improvement
1 Identified performance metrics for each environmental indicator area
The initial environmental strategy plan and summary reports from 2011 to 2014 are on the Port of
S e a & webs#ed(www.portseattle.org).
Critical Systems Modeling to Effectively Estimate Impact on Systems

Resources flow through assets and traditionally this flow is not optimized; for example the US
Environmental Protection Agency (EPA) has reported orgéinizs waste 3@ercent of the energy they
consume (EPA 2010). Wasted energy used to heat, cool and light, buildings but also to condition and move
fresh water and wastewater or the energy embodied in waste materials shipped to landfills. Airports are
overspending as well as having a negative impact on the natural and social environment by wasting
resources.
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In a traditional model (Figure-2), where the source of inputs and outputs are not viewed as a system,
leads to waste. In contrast, the sustainaliddeh(Figure 43) reduces the output flow stream by reclaiming
materials energy (as heat), water, and other resources.

Energy
il TRADITIONAL
Raw Materials MODEL

Source: CH2M

Figure 4-2. Traditional model

SUSTAINABLE Excess Energy

Zero Liquid Discharge or
Cleaner Water
Usable Waste Matenal

Renewable Energy
Local Water
Recycled Materials

Source: CH2M

Figure 4-3. Sustainable model

Systems modeling assists in informing choices in procurement decisions. The system methodology
captures and balances competing values that include: environment, water use, energy use, materials,
emissions, financial, and social impacts to inform procurérdenisions. Sometimes these values are
complementary and sometimes they compete.

A common main point of discussion is energy savings of a given project. There are many possibilities
for energy conservation at airport facilities. They each have their mnagnitude of benefits versus
difficulty to implement. By choosing one, how can the benefits be analyzed? For example, look at exhaust
systems. Basic analysis would show savings in fan energy with reduced exhaust load. But, when systems
are interrelated, as a modern facility, reductions in one area affect others. Here, a reduction in exhaust
load will reduce makeup air requirements, which would reduce the load on the chiller and boiler plant,
pumps, cooling towers, etc. There are savings beyond simplerfargy. A simulation tool and a
methodology are needed to properly calculate savings associated with energy conservation measures
applied to integrated systems and these calculations are crucial to inform life cycle costs calculations.
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Example: Critical System Modeling Tool

Airports often consume large amounts of electricity, natural gas, and water for heating, ventilation, and
air conditioning (HVAC) duties and, thus, energy and resource conservation measures can provide
significant benefits if they angroperly designed, configured, analyzed, and implemented. A Visual Energy
& Resource Optimization (VERO) modeling platform is one option to be considered to quantify and
optimize the value of RCMs. This includes:

1 Chiller-less cooling during cool climate peds. Chilled water plants typically comprise the majority
of energy consumed by mission critical facilities such as airports. This RCM essentially eliminates this
heavy energy consumer for a large portion of a typical year in many climates, but inatdgeated
system modeling to properly characterize and optimize its value.

1 Heat source alternatives to boilers such as solar hot water heating, airside heat recovery, or chillers
configured with heatecovery features. Performance of these kinds of R@Mdlifficult to quantify
using traditional hand calculations, really requiring an integrated modeling solution.

1 A modeling platform aims to quantify energy and water consumption of a site holistically by capturing
annual operation of integrated systemisisTapproach allows stakeholders, architects and engineering
disciplines to get quantified feedback on decisions made at every point in the design process on through
to postoccupancy operation.

Figure 44 illustrates the balance of resources acrosstagriated view of critical systems.

Chilled Water

/

Electricity

Wastewater Water /

Heating Water

\ Natural Gas

Fans

Comps Air

Pumps/Vac

* I

10% 5% 0 5% 10% 15% 20%
Water Resources Energy Resources

Source: CH2M

Figure 4-4. Balance of resources across an integrated view

Impact on Operations and Maintenance

The benefits of incorporating sustainability in projects may be negated by an unintended increase in costs
ard resource consumption of energy, water, waste, and materials during operations. O&M departments
maintain systems, equipment, procedures as part of their daily tasks. Therefore, this operating expense must
be considered when evaluating life cycle costandudesign and procurement decisions. These cost
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increases may be in the simplest form of increased work orders, poorly integrated systems, incorrect set
points, or misunderstanding and compounding efforts duringtaddgy operational activity. For this
reason, O&M representatives should be part of evaluating capital and maintenance projects during the
review and approval process.

O&M managers must participate in the life cycle analysis process prior to procurement decisions. This
provides input on changéo functions and activities to keep airport assets operating efficiently and in good
condition. In practice, when the operational knowledge of O&M personnel is included in design and
purchasing decisions, the overall decision is more sustainable. T&s iom the ability to consider-re
purposing or recycling owned assets or making changes to existing processes and procedures instead of
starting over or purchasing new equipment. O&M managers are adept in their ability to solve challenges
with the resotces and budget available and this creativity translates well into better planning and design
and ultimately bears out in more sustainable results in the total costs during life cycle analysis.

Example: ACRP Report 110: Evaluating Impacts of Sustainability Practices on Airport
Operations and Maintenance

An evaluation process and tool was developed to help airport management consider the O&M impacts
of implementing sustainability practices. ACRP Report 110: Evaluating Impacts of Sustainability Practices
on Airport Operations and Maintenance provides an evaluation process ahieoedit tool to evaluate
|l ife cycle costs of sustainability practices beincg
the evaluation process and how to navigagectistbenefit tool. It also provides information from the case
studies that were conducted in the development of the evaluation process abdnefisttool. The
evaluation process and cdmnefit analysis tool is designed to evaluate sustainabiligtipes in water
conservation, energy conservation, waste management, consumables and materials, and alternative fuels.
However, the tool can also be used to evaluate any two practices, sustainable or otherwise. An instructional
video that demonstrates haavuse the evaluation process andidoshefit tool using data from an example
project (also provided with the tool) is on the Transportation Research Board website (www.trb.érg/main
blurbs/170580.aspx).

Supply Chain Sustainability

TCO requirs looking upstream from airport operations into the services and life cycle characteristics of
products of suppliers and vendors. For airports, which successfully embrace sustainability, the largest
opportunities for improving sustainability performancetswas reducing carbon emissions, water use,
material waste, toxic chemicals and addressing social concerns lie within their supply chain. As a result,
airports should consider increasingly promoting sustainability principles across their supply ch&n as th
also may help mitigate risks in procurement decisions. Supply chain risks such as regulatory non
compliance, increasing cost of material inputs, energy, transportation, or human rights, labor and ethical
violations, inherited from suppliers and vendaen result in disruption, financial losses, reputation
damages, or stakeholder dissatisfaction for airports.

By managing and seeking to improve environmental, social and economic performance and good
governance throughout supply chains, airports may unapgrtunities related to resources conservation,
process optimization, innovation, cost savings, labor productivity, and promoting sustainability values. To
be effective airport management should develop and communicate a vision and guidelinesriabgiigtai
with suppliers and vendors along with designating meaningful KPls, implementing monitoring and audits,
and, in some cases, supporting organizational learning, culture change, and continuous performance
improvement. This effort with suppliers helpsldress and mitigate the upstream risk in procurement
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decisions not just based on the cost and quality, but also the embodied elements in procured goods and
services.

Example: Pilot Supply Chain Audits for a Global Manufacturing Company

A major USbased manufacturing company conducted a series of supply chain audits based on
procurement guideline that included a code of conduct for suppliers. The audits were performed according
to the supply chain code of conduct and included health and safety, labarmaad hights, environment,
compliance/ethics, and management systems. Auditors leveraged technical knowledge in the areas covered
by the supply chain code of conduct along with industry expertise in order to identify potential risks and
opportunities in thesupply chain with suppliers. The overall objective was to encourage and improve the
sustainability of approved suppliers over time to also decrease supply chain risk in TCO in procurement
decisions.

Airport Utility Budget Management

By managing utility lndgets differently, airports may conserve resources, which has an environmental
and social impact, but more directly, managers may apply those savings to effect the TCO by using utility
savings to pay for more efficient infrastructure (assets). This sedisousses how this can be implemented
and accomplished.

Generally, operating budgets are set annually and during the budgeting review process. Budgets for
utilities are set for the upcoming year based on the prior year spend adjusted for anticipatiiahape
changes in the upcoming year that may require more or less electricity or water, for example. After which,
utility bills are paid and reported under a gener
and other. 0 | ntismdnagedlike afixed amountywhdn in dact & is variable. Meanwhile,
during the year several factors impact the actual utility spend vs. the budgeted amount including

1 Efficiency efforts that leads to cost savings
9 Warmer or colder weather that influes energy spending
1 O&M managers being incentivized to come in under budget

Yearonyear, operations teams work hard to stay under budget by being more efficient while dealing
with the realities of changing weather, economies, and operational demadditiona yearon-year, the
delta between the actual amount spent on utilities versus the budgeted amount, which is usually a savings,
is stripped from the budget.

Organizations, such as the University of Washington and Distributed Energy Manageme@tgjja 2
are approaching utility spend differently to drive more resource conservation and pay for capital upgrades
through utility cost avoidance. To capture the cost avoidance, a utility revolving fund is set up either directly
with a bank or virtually in @ accounting system. The monthly utility budget is paid into the fund from
which the monthly utility bills are paid.

I n some cases, a fAmarkupo of the monthly wutility
capital projects. The funds not spent on utility costs are then earmarked to offset or pay for more efficient
retrofits or new equipment, which,-tarn, pays for new projects with their savings. Figw® Highlights
the process.
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Utility Money Management ..
Total

Execute projects I Captured Utility Utility
that lowers bills .
; CapEx Savings Budget
Projects & P ™
Equipment Utility Bills Utility OpEx Costs
Funds projects Increases the
and new amount set-aside
equipment in a utility fund ~ 1 ” ™ % [ A % 5 O
_\@’s\ _\Qa’bﬂ *e"b" _\@’g\ _\??‘ _kébk _\\@ré *2?‘ ‘\Q‘fé d\éb‘
Source: Distribution Energy Management
Figure 4-5. Utility money management
Exampl e: University of Washington fAGreen Revol vin

The University of Washington Facilitygervices supports a 64&re campus with 243 buildings
(13 million gross square feet), Central Steam & Chiller Plant,-kBo&olt Power Distribution System, and
7 miles of utility tunnels to support a daily population of 60,000 consisting of 42,008nssud\verage
annual utility spend is $38 million. Through a coordinated effort, from 2005 to 2015, metering, audits,
revolving fund, and project execution resulted in $21.5 million in projects withr#lién in rebates and

$1 million in cost avoidancgAngelosante 2015).
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Building Information Modeling in the Asset
Management Life Cycle

Up-to-date and complete information is the lifeblood of asset management. The more information the
organization can have about any particular individual assstwell as its criticality and relationship to

the overall system, the better decisions the organization can make in terms of procurement, maintenance,
decommissioningnd more. This chapter discusses Building Information Modelling (BIM) and how this

md hodol ogy can assist the organization i BIMmaki ng

complements the TCO program implementation but not necessary to maintain a TCO program.

Building Information Modeling BIM) has been used withthe design phase of construction for well
over a decade. Some countries have developed countrywide standards on the use of BIM for construction
projects each using its own interpretation of those standdrids application of BIM focused initially on
the construction of vertical buildings and has since widened its scope to include infrastructure. The US
definition of BIM (National Institute of Building Sciences 201%)

éa digital representation of physbsuehlitseevesd f unc
as a shared knowledge resource for information about a facility, forming a reliable basis for
decisions during it$ife cyclefrom inception onward.

In the UK the BIM Task Group defines BIM as:

value creating collaboration through thetae life cycleof an asset, underpinned by the creation,
collation and exchange of shared 3D models and intelligent, structured data attached to them.

The use of BIM to a localigefined Level 2 standatths beemandated by all government departments
stating in April 2016 on construction projects over $1.4 million. The Level 2 standard for BIM for the UK
is definedashaving a central repository for documents with a defined check, review, approve process and
federated models linked to data and documents.

In both the US and UKBIM centers on creating digital representation and structured data connected to

it AStructured dataodo are data t hat lfaaycedatarfor al i gnn
process plant) and thus producesacomgist out put from modell ed applica
Model 0 wi || be used in this document to represent

can be used throughout the entife cycle of an asset.

The production of an InformatioModel, when taken in its broaddde cycle sensestartsfrom a
conceptuaimodel that outlineshe requirements of a new asset or infrastructure and then progressively
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builds upon acquired informatiofrom various disciplines, which are then federatedform a more
complete visual representatiofigure 5-1 depicts the federation of a graphical model to form a visual
representation of the Information Model. This is only part of the model, agnaphical portions of the
model as well as documentation also forms the Information Model. Through the proagsslying
structured information, the documentation and thegraphical (data) portions of the model can also be
attached to the model.

Figure5-2 shows the linkage of a graphical model to (from top, clockwise) drawings, documentation,
data and assetanagement applications. Thus, the potential of BIM is to harness an Information Model for
further use downstream from design. This leads to potential BIM uses for construction, commissioning,
operations, and maintenance.

Figure 5-1. Federated model produced by combining discipline-specific intelligent models
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Figure 5-2. Linkage of the graphical model to structured data and documentation

Whole Life Cycle BIM

In order to maximize the use of an Information Model, consideration must be giverréojtived end
user sb6 n & dhovstheFpotential f@ deriving dataom an Information Modeand linkingthe
informationto asset management systems. In order to facitiiééntegrative procesthe creators of the
Information Model must undstand the final uses to which the model will be placed such that appropriate
data fields, metadata, and formats are chosen at the start.

An intelligent client will be at an advantage, if it can articulate its requirements for information
holistically acres the life of an asset. It is this whole life view of information that the UK government set
outto realizein its strategy for BIM Level &y outliningt he <c¢cl i ent organi zationds (
needs from the supplier. This ability to define aaduest information in formats thalign with client
needsreates drameworkthat can be used for various functions such as planning applications, operations
review, and update of asset inventories/systems.

An asset will go through many stages in ife tycle and some understanding of the typical stages is
required so the impact that BIM can be optimized. A typical life of an asset may start with a need identified
from a system owner, as a result of inspection, maintenance or new needs identifieday lgjenerate
initial or outline ideas and a procurement process derived for a new asset. This leads to design, construction,
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commissioning, O&M through to end of life whereby the final step is decommissioning or demolition. This
is illustrated in Figur&-3.

Outline Detailed Construction Operation _
design design and and End of life
- - Comissioning = Maintenance
v v v v

Figure 5-3. Life cycle of an asset

At the end of each stage or gateway, there is usually a decision point that may decide if the development
of a solution will continue to the proceeding stage or can be discarded. The decision making process will
require the evaluation of data in various forms and from different perspectives such as cost, time, program,
guality, environmental impact.

With the superimposition of BIM on the decistaraking process, a client can specify their information
requirementdor given gateway. This information, if structured, can lead to a better deaisikimg
process as the information is:

91 Derived from validated sources of data (graphical andgraphical)

9 Structured in the same manner regardless of source (e.g., aligaatbihdard such as ISO)
9 Automated in production (derived from an intelligent model)

1 Consistent in evaluation across projects and suppliers

Additional benefits derived from the BIM process are in the use of information across stages. If different
supplies are used at each stage, using a structured Information Model means the model can be enriched
from the previous stage rather than starting from the beginning, leading to further improvements in the
efficiency of the process. The Information Model can élswsed for various functions such as:

Visualizations, animations

Quantity takeoffs

Land use planning

Logistics planning (construction, operations, maintenance, and decommissioning)
Cost estimating

Performance monitoring

=A =4 =4 =4 =4 -4 =4

Systems control

In 2013, the Cmputer Integrated Construction Research Program at Penn State University published
BIM planning guide for facility owners that identifies 26 uses of BIM throughouiftheycle of a facility
(Figure5-4) from planning through to operations.
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CONSTRUCT | OPERATE

Conditions Documentation
Quantity Takeoff

Phase Planning
Programming

Site Analysis

Design Reviews

3D Coordination

Site Utilization Mlanning

Constructios System Despn

Digital Fabrication

2D Controd and Planning

Field Management

Record Modeling

Data Commissioning

Performance MMI'IBHH‘
Systems Control
Space Tracking
Aszzet Management
Maintenincs Managemant
Scenario Forecasting

Source: Computer Integrated Construction Research Program

Figure 5-4. List of BIM uses

Case Study of BIM on the Procurement Process

An example of the BIM process that outlines the principles outlinedigrséttion is taken from the
Envi r on me nimplehentatior ofJ&K& BIM Level 2 standard. The Environment Agency has an
annual procurement value in excess of $420 million and 16,000 assets to manage across the country.

Digital Plan of Work

The overarching structure of the procurement process isedkiin a Publically Available Specification
(PAS11922: 2013), which outlines tHde cycle of an assetupon which itsuperimposes the information
requirements that are derived from the BIM process. The creation of a new asset often starts within the
OPEX phase and an identified need as a result of assessment (OPEX start iB-BigUreis results in the
need to engage the supply chain for services. This is shown graphicBABRE X stard in Figure5-5,
the pointwhere the employer defines the infation requirements for each of the stages labelled 1 to 7.
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The supply chain then mobilizes and undertakes the required folnagleich the projectwasprocured
The value of the Employers Information Requirement is the standardization of information from any supply
chain organization for any of the asset phases.

DELIVERY EXECUTION

Master Information CONTRACT AWARD BIM Execution Plan PROCUREMENT
Delivery Plan (BEP)

(MIDF)

[ Project Information Model (PIM) | Asset Information Model (AIM) |, |
I I I

i Documentation

1 Non-Graphical Data

Information Model

MOBILIZATION

Graphical Model

ﬂ--m--’m‘m

{{ COMMON DATA ENVIRONMENT (CDE) )} /

<> (22 (2] (1) <©» 6 ) 7 )2 (n)

CJlC) CDlO Ol() OO 0L lC} CJ]’O €O [For datats on suppters

information exchanges !
and employar's decision |
© © © 0O © ——.
CIC Scope of Services !
T Ty PP p——— -
Legend
m Information m Management

Source: PAS 1192-2 2013

Figure 5-5. Life cycle management of an asset with BIM processes overlaid

For the Environment Agency, the Employers Information Requirements are split into three parts: overall
information standards, information delivery plan, and asset specific information requirements.

Information Standards

The Information Standards documentlimgts the standards to be applied in the following areas:
Software platforms
Data exchange formats
Coordinates

Level of definition

=A =/ =4 =4 =4

Training
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Standards

Roles and responsibilities

Work planning and data segregation
Security

Coordination and clash avoidance
Collaboration process

Health and safety

Construction design management
Systems performance

Compliance plan

Delivery strategy for asset information

Information exchanges and project deliverables

=A =4 =4 =4 =4 4 4 -4 4 -4 -4 -4 =9

Clientds strategic purposes

This sets the requirements for Blfdr every project and every phase and calls upon British and
international standards in the procurement of information.

Information Delivery Plan

The Information Delivery Plan sets out the specific information that the Environment Agency requires
for a pioject and defines each deliverable, who will prodiicerhen, and the name of each deliverable.
This means each document delivered is defined and classified in the receiving orgdsizetinimg
structure and isretrievable immediately upon handovergiiie 5-6 is an example of an Information
Delivery Plan where a project number is identified (1) and a deliverable Stage (2). For each stage, a set of
deliverables is defined (3) and for each intersection of deliverable against,distagsulting orgaaation
and level of definition (4) can be stated.

This results in a structured document naming system and autorttaiois used to request delivered
materials formatted with a defined document mask. An example output of this also shown in%igure
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2016-03-06T17-35-19

12345-EA-?-2-2-2-2-?-?-A001-EA0-LOD1-Area of Study.ext

A001-EAL Area of Study

hinesh.mistry@ch2m.com

2016-03-06T17-35-19

12345-EA-?-2-2-2-2-?-7-A001-EA1-LOD1-Area of Study.ext

AD01-EA2 Area of Study

hinesh.mistry@ch2m.com

2016-03-06T17-35-19

12345-EA-7-7-7-7-7-7-7-A001-EA2-LOD2-Area of Study.ext
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AQ02-EA3 Site Boundaries
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A002-EAS Site Boundaries
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ADD2-EAG Site Boundaries
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A003-EAQ Topographic Survey(s)
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A003-EAG Topographic Survey(s)

hinesh.mistry@ch2m.com

2016-03-06T17-35-19

Figure 5-6. Automated delivery of information delivery plan in standardized data structure

This means that the system owner defines information deliverables identified to answer business
guestions for a gateway before the procurement prdtassomears the supply chain activities are aligned

to the

owner 0s

Vi

S i

on

of

deliverables and

time to the right team. The formation of document masks, as shown in Feghreneans that all

ar e t

deliverable are allocated with logical names and can be filed and thus retrieved effectively with little
rework.

Asset Specific Information Requirements

To facilitate the fullife cyclegeneration of modeled content and derived data, it is necessary to articulate
the data needs of the final organization and create the required level of attribution in the Information Model.
The data that are generated and then stored in the model need to be transmitted in a form that can be read
by thereceiving organization. Withithe UK, a subset of the Building Smart Industry Foundation Classes
(IFC) schema has been selected as the medium by which structured data is transmitted. The subset selected
is called COBie and was developed by the US Army Corps of Engineers as a metffudhbglata can be
stored about a facility such that handover of dataliable

IFC data model isntended to describe building and construction industry data. The IFC model
specification is open and available. It is registered by ISO and is an offitgahational Standard ISO
16739:2013. It is a platform neutral, open file format specification that is not controlled by a single vendor
or group of vendors. It is an objesased file format with a data model developed by building smart. A
subset of thelata view of an IFC model is the COBie data schema as illustrated in Bigure

As the COBie schema is a data model used to describe an asset from an asset management perspective,
the Environment Agency have placed all the asset attribution requirem#rntsthe data model and can
thus deliver, in a structured data format, their requirements for leveraging asset level information for any
asset and project phase. In its simplest form, the COBie data im@dptesented as a series of tabs in a
spreadshd@dormat and is thus accessible to any organization.
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Information Delivery Plan

Plan Status:

Employers Information Delivery Plan Find:
1 Stage: All Stages 2
. Stage 0 Stage 1
et U Strategy Brief
|12345 | sample IDP
IDP Manager: Facility:
Graeme Tappenden Sample IDP ¢ 0
S— | i
Template: Plan of Work: EAO: Dttt
EA14 Environment Agency Plan of Work 2014 Identification EAT: Pricritising
Supplier Information Manager: EA CONS
Stage Status:
Ref Deliverable N/IF Ass Cap O/F 3DMF Role LOD Role LOD
A000 Site Conditions / Discovery 3 4
[ A0D1 Area of Study ]N N Bl pdf EA '-OD'l EA '-OD‘I
A002 Site Boundaries N N B1 pdf
ADD3 Topographic Survey(s) Y N B1 pdf o Loy wEn o (Loon
A004 LIDAR Y N B1 pdf
AD05 Laser Scans (Point Cloud) Y N Bl pdf
A006 Utilities Survey Y N B1 pdf EA  LODT EA  LOD7
A007 UXO Assessment Y N B1 pdf EA  LOD7T EA  LOD7
A008 Geotechnical Survey(s) Y N Bl pdf EA  LOD7T EA  LOD7
A009 Contaminated Land Survey Y N B1 pdf Ea  LOD7T EBA  LOD7
A010 Geotechnical Report N N B1 pdf
A011 Land Registry Searches N N B1 pdf

AD12 Schedules of Condition finc. existing designs) N N B1 pdf EA  LODT EA  LOD7

e

A013 Weather/ Tidel Flow/ Hydraulics/ Hydrology N N B1 pdf Loz mEs e

A014 OS Data Mapping N N B1 pdf EA LOD7 EA LOD7

A015 BGS N N B1 pdf

Figure 5-7. Information delivery plan
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Note: The following areas in the data model are not shown for clarity: Contact, Assembly, Connection, Spare,
Resource, Job, Impact, Document, Attribute, Coordinate, Issue.

Figure 5-8. COBie Schema from BS 1192-4 Showing Only the Overview Structure

The ug of COBie as a data schema has many advantages. Modeling applications within which data are
generated and stored can export data in this schema as defined by an ISO standard. Newer facility
management applications dreing releasedhichare able tseadthe COBie schema amadnthus facilitate
the transmission of data peerpeer, thus automating the flow of data. Even if software is not able to read
the applications, the benefit of having data from the supply chain in a consistent and standardated form
means routines can be written to extract data from the COBie file. This roetkdeonly bevritten once
for a translation to work multiple times across projects and stages.

Figure5-9 shows an example of a COBie file used to state information rewgmts. This shows the
required name for each attribute for a modelled outfall structlive point at which information is required
is given in théValued column. This is the gateway stage aligned to that in FigHareThe structure of this
portion of he Information Requirement is that a detailed delivery of information can be requested at a
specified portion of the project development at the asset level. This enables delivery of keyddata
earlier or better decisions. Overall, timsplies bette understanding of TCO and the impacts of different
engineering design, specifications and procurement strategies.

Development of the asset level informatjanor to procurement means that there is a greater level and
granularity of information received at the required stdgeilitating tre evaluation of the depreciation,
operating costs, maintenance, and decommissioning.
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E

@ = @

= = o M = - =] =
Element Type AIMS:structure: outfall: apron LOD3 n/a
Element Weighting AIMS:structure: outfall: apron LOD7? n/a
Element Width AIMS:structure: outfall: apron LOD3 m
Element Condition IlAIMS:structure: outfall: outfall pipe|LOD7 nfa
Element Description AIMS:structure: outfall: outfall pipe|LOD3 n/fa
Element Material AIMS:structure: outfall: outfall pipe|LOD3 n/a
Element Mot inspected AIMS:structure: outfall: outfall pipe|LOD7 logical
Element not expected Reason AIMS:structure: outfall: outfall pipe|LOD7 n/fa
Element Revetment AIMS:structure: outfall: outfall pipe|LOD3 logical
Element Sequence AlMS:structure: outfall: outfall pipe|LOD7 n/a
Element Slope AIMS:structure: outfall: outfall pipe|LOD3 Degrees
Element Type AIMS:structure: outfall: outfall pipe|LOD3 n/a
Element Weighting AIMS:structure: outfall: outfall pipe|LOD7 n/a
Element Width AIMS:structure: outfall: outfall pipe|LOD3 m

Note: The required attributes are in the Name column and the Stage this value is required is given in the Value
Column. Units are also specified. This extract is taken from Environment Agency COBie file for an Outfall, Attributes
tab.

Figure 5-9. Extract of a COBie File Outlining the Required Information for an Outfall

Results

The case study presenteekreis a real life application of BIM for the procurement of services by the UK
government department, the Environment Agency, in line with the BIM Level 2 standards as set out by the
UK BIM Task Graup and the British Standards. The whole life view of the procurement process has set out
the standards by which asset information is structured (COBie), the attribution required, by whom and at
each stage of the project life cycle.

The asset level infornian requirements were derived to meet the current information needs of the
Environment Agency and reflect only that which is held by the current systems. The Environment Agency
spent more than one year developing the framework, aligning its supply ckeiewing the data
requirements and building tools such as the Information Delivery Plan to enable BIM processes on its
projects. The estimated saving in having the supply chain deliver information that is hand typed into the
facility management systemvslued at over $2.8 million per year in time savings alone.

This framework and methodology was tested during 2015 and then applied to all procured projects
nationally starting January 2016. As of March 2016, more than 50 projects have been align&INb the
Level 2 requirements. The results of these developments are not fully realized but early indications include:

1 Consistent naming conventions to documents and thus easy information storage and retrieval in the
Client Data Environment across all new padgeand document types.

i Standardization of content being developed in line with COBie information deliverables. Current
processes are manual but automation is looking likely to increase efficiencies.
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data files in SQL, XML, and XLSX formats. This unlocks data from a model and thus enables the
delivery of data in industry standard formats.

1 Supply chains are creating structured data in the COBie data model wittribetion requirements

specific to the Environment Agency assets.

Thesebenefitswill compounded byhe reduction of time to locate dasmincrease in efficiency across
the supply chairand better quality of data overdfuture developments will bigi uponThese benefits and

will include:

1 Automated verification of deliverables against the Information Delivery Plan

)l
1
|l
1

Sensory/feedback from assets

procurement processes

=

T Just

in ti

TCO estimating (OPEX)

me i

criteria and histacal sensory data

Performance requirements for new assets

ntervent .

Delivery of residual risks and environmental data at asset level

on or

Asweatingo

an

Comparison of sensory feedback against performance requirements and thus improvements in future

asse

To successfully implement BIM within an organization there are a number of items that need to be
reviewed and put in place to provide a holistic framework that meets the organizations needs for
information, the capabiliéis of the supply chain and the management of people and technology to realize

that ambition.

Information Modeling for Asset Management

To successfully manage the information across multiple projects and assets and during various phases,

an organization regds to understand and document the decisiaking process for an asset or multiple

assets. This can be placed into matrix format with review stages as headings and rows of questions. The

deliverables required to answer the questions can then be plabednmatrix. Tablé-1 is an example of

this method

Table 5-1. Example of Organization Information Needs for Project Level Cost

Questions Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
How much | Optioneering | Full Outline Tender Out turn Actual Cost
will it cost? | report Business Design Cost | evaluation Cost

Case Estimate report

The matrix can then be refined to standardize the outputs needed and provides a mechanism that links
asset management needs and information requirements together. This then forms the basis for the data drops

or information exchanges as outlined in Figusesand5-5.
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At the highest level, the resulting matrix provides documents as Information Requirements from the
supply chain. The same methodology can be applied to more granular level of detail as the BIM maturity
of the supply chain and organization gewhe target for this methodology would be to provide asset level
attribution requirements linked to Information Models. This can be presented in a tabular format of
international standard such as COBie.

Plan of Work

The next step is to use the resultmgtrix and formulate a Plan of Work. This would empower the supply
chain to understandndprovide the information requested in the formats specified. This can range from
data extraction from thregimensional models, analysis packages to spreadshegidatbases linked to
models.

As a result of this approach, the organizatimaking the request for information leaves the responsibility
for providing the information using the best solutions and technologies available to those who know them.
By providing a clearframework, there is opportunity for thre@mensional models, animations, advanced
visualizations as well as reduction in data transfer across systems, linkages across facility management tools
and all the other value adds that BIM models carvige. This mechanism provides the means to enable
BIM in a consistent, standardized and timely manner with minimal changes to both client and employer
organizations.

Alignment of Tools/Systems

The Plan of Work will enable information and data tafamsferred at the right time, to the right level
of detail and to the right person. To fully see the benefits, an organization may need to review their internal
IT systems being used and review tools that may be able to extract, receive or use BIM datarimgful
way with minimal rework. If new IT is required, the business case justification can often be proved in a
comparison of time saving againstinputting data or lost time finding information.

The use of an International Standard for data dglisuch as COBie means that all asset level data
delivered will be of a consistent format and if any tools are required to be developed, they can be developed
once to extract or read this data anghuepose for asset management needs.

Alignment of the Team

Another part of any BIM implementation will be in training of people to understand the new concepts
that BIM will bring and new processes. Any change to an organization may cause some alarm to team
members. An approach that has been successful isrtfydBIM champions or pointef-contact within
each office and supply chain, and meet with those well in advance of any implementation. This allows them
to engage in themaking process and provide insight from their perspective and their teams, whkith oft
leads to better workflows and by from each party. This early engagement also allows issues to be
mitigated well before any actual implementation. A period of 12 months of regular engagement before
implementation is seen as ideal as this allows wtaeding of BIM; the development of standards,
workflows, and agreements; and some early adopter projects and trials.

Airports worldwide are starting to adopt and implement BIM, whether as part of government initiatives
or better asset management practices. This implementation would lead to capital and operational
expenditures savings.
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London Gatwick Airport has implemented BIM as part of the UK BIM initiative. This initiative has the
goal of reducing the cost of government camsion projects by 2@ercentwhile assuringompliance with
the EUG6s carbon emissions standards.

Denver International Airport is the largest airport in the US in terms of area (53 square miles) and the
fifth busiest airport in the US. The airport leasldp and facilities management realize the challenge in
managing the existing and future assets at the airport. The airport is striving, through BIM implementation,
to make the maintenance activities more efficient and reliable. Additionally efpect hatconstruction
activities within the airporto be faster and more coordinated between the different entities. This is will
positively reflect on the services provided by the airport to its stakehpidelisdingpassengers.

For the aviation industry, there are four main strands of works that could be implemented to enable
effective use of BIM and provide the framework by which better asset management can be delivered.

The first stage is to develop an understanding of thermtion requirements in an organization. This
will define the data required, by when, the format and by whom. The second strand is to build on these
information requirements and develop a Plan of Work that formalizes these requirements. This will enable
effective lie cycleanalysis and TCO studies to be undertaken earlier to better inform asset management
decisions. The third stage is to review the existing systems and review any alignment changes or
developments required to enable the flow of data inistiag systems. This will dramatically reduce the
time required to locate, read and input data from the supply chain. The final strand, and the most important
one, is to engage with teams both internally and externally to adopt BIM as a new standasca Shift
in operation and thus best managed by BIM champions and early engagement. The early engagement will

bring everyone together early and work as a team. This will maximize the impact of BIM and reduce any
hesitation during adoption.

In conclusion, with careful development of standards, processes and the supply chain, a client
organization can set a framework for the use of BIM in delivering good quality data for asset management
at any point in the asskfie cycle. The presented case study wastl@r procurement of new assets and the
data created from design. But the principles shown can be adopted to existing assets to bring about a
paradigm shift in the way we think about assets and asset management.
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O&M Ready i Connecting Life Cycle
Elements

As previously defined, asset management is a set of practices focused on sustaining assets throughout their
whole life cycle. It considers the shoaind longterm strategies and the alignment between the different
business units and stakeholdeFs.render the full benefit of an asset management program requires these
different parts to be integrated. This chapter discusses the concept of O&M Ready as the means to connect

various operational processes and integrate the life cycle phases of #dte ass

O&M Ready evaluates industryodés best asset/ facild.i
future O&M needs. The requirements from O&M Ready are incorporated in the design and construction
delivery process. The O&M Ready prasehas been used across industries including transportation, water
resources, facilities, and power and energy in both private and public sectors.

O&M Ready has application for airports since they traditionally have multiple departments that apply
differert tools and standards for asset maintenance. Having these different asset management processes in
pl ace at airportsd business units es6BHbnloidertoes com
close these gaps, a systematic view of asseuotent and ownership needs to be established. Upfront
planning, design, and procurement level decisions set the tone for proper asset management planning and
a full understanding of the assetso6 whole |Iife cy

During the initial phases of a new projgplanning and design), a significant opportunity exists to
provide careful thought and insight into enhancing the commissioning process. The value of making this
effort is clear when one considers that design and construction expenditures;thels6é e d sfi cost s o
facility, typically account for 5 to 10 percent of the total life cycle costs while O&M costs typically are 60
to 85 percent. O&M Readiness brings attention to
tothegreaterpad f t he athesGRMphasel i f e

Figure 6-2 illustrates how O&M Ready fills the procurement gap and supports a robust, reliable,
repeatable, and sustainable process.
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Figure 6-2. Operational Readiness, the approach to closing the procurement gaps
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Although O&M Ready is a fairly a new concept in asset management, it has showed a high degree of
interest by staff who directly manage assets as part of their wepknsibilities. The following are a few
benefits that stem from implementing O&M Ready (Fortin 2007).

l

Integration of technologies, as appropriate, facilitate converting data into knowledge for accurate
decision making (i.e., operational and renewal/replexd).

Having preventive maintenance programs ready at turnover ensure timely asset protection, reduce risk
of premature failure, and support warranty claims.

Proper preventive maintenance programs control impacts of deferred maintenance and reduce risks

The use of condition monitoring tools such as oil analysis, infrared and vibration analysis helps identify
installation defects that normally go undetected and reduce asset life.

Reliability centered design establishes proper spare part inventorytiggdor critical assets.

Consistently, the organization experiences a smoother transition from design and construction to the
O&M phase of the asset life cycle.

As part of the research informing this guidebook, airport personnel were asked to rate{s@pteclve

operational readiness statements, based on their relevance to successfully implementing TCO.

Inclusion of life cycle costing criteria in choosing assets in projects designed and built at

Establishing data links between BIM information, record drawings, PM’s, warranty data,

Having data available from other systems and interfaces (Financial, BIM, CMMS, GIS)

Figure6-3 presents the ranking of the 12 statemeatske d on t he i ndi vidual so

Executive level support for a total TCO approach

Use of TCO data in capital asset decision making - Internal procurement
the airport

Availability and reliability of TCO data

Project teams work with contractor during the commissioning process

Develop project team to make sure TCO is implemented in different phases of the
project

Project teams work with designer and contractor to load the CMMS asset registry
Reliable CMMS data history is a requirement for a successful TCO tool

Staff from different sections perform design review and provide input

and CMMS

Develop building information management (BIM) standards

Figure 6-3. Statements rated based on their relevance to successfully implement TCO in terms of
considering operational readiness

All the statements have an average score of 7 and above, indicating that those sunadatefaltleast

somewhat relevant to successful implementation. The top five statements from the list are:
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9 Executive level support for a total TCO approach (score: 10)
1 Use of TCO data in capital asset decision makihgternal procurement (score: 9)

1 Inclusion of life cycle costing criteria in choosing assets in projects designed and built at airport (score:
9)

9 Auvailability and reliability of TCO data (score: 9)

1 Project teams work with contractors during the commissioning process (score: 9)

From this survey, it is clear that the most important drivers for implementing O&M Ready implementation
are: leadership buy and availability of data and information. Based on this and additional research, the
following activities will help b ensure successful implementation of O&M Ready at airports (Fortin 2007):

1 Create ownedeveloped equipment turnover specificationsthese specifications detail the
requirements such as naming, preventive maintenance program, spare parts, and asgébdabeli
coding

1 Initiatethirdpar ty devel opment of the new equi pmentaos
CMMS

1 Include design review processes that consider reliability concepts such as reliability, availability, and
maintainability, and reliabiljt centered design

i Standardize asset data/information for use with various management technology systems

1 Consider use and integration, as appropriate, of facility management software systems such as CMMS,
BIM, energy management systems, GIS, compaiged facility management, and financial
management systems

1 Employ stricter equipment installation specifications requiring verification with-efetee-art tools

1 Recommission critical equipment assets to identify operational and performance issues bedatg warr
expiration

1 Supply enhanced training programs that provide staff adequate and regular training during the warranty
period
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Asset Commissioning and Turnover
Process

To exhibit components of the O&M Ready process within a real situation, this chapter discusses the new
asset turnover process as a best practice within an asset management program, using the Metropolitan

Sewer District of Greater Cincinnati as an example.

The Metropolitan Sewer District of Greater Cincinnati (MSDGC) is located in Cincinnati, Ohio. MSDGC
manages and operates the wastewater collection, treatment, and disposal systems, to serve around 800,000
customers within Hamilton Gmty, Ohio. The wastewater treatment division operates and maintains seven
treatment plants and more than 100 smaller facilities that process an average of 180 million gallons of
sewage per day. The majority of its facilities were built in the 1950s amdios more than 16,000 discrete
assets that are critical to meet the operational needs.

As any public utility, MSDGC faces many challenges such as tight budgets, increased regulatory
requirements, retiring workforce (knowledge/capacity), and aging/degyadfirastructure. In 2007, the
wastewater treatment division started instituting the initial blocks and elements of a modern asset
management program. The program included an updated asset hierarchy, equipment strategies, modern
planning and schedulinggtices, and maintenance key performance metrics.

Through the implementation of this asset management program, the proactive work ratio has improved
to 50percent; reliability levels are stabilizing; the maintenance work order cost reduction was around
$500,000 in 2012 and the same in 2013; the monthly emergency failure rates decreaspdrbgriband
the documented cost avoidance was over $650,000 due to proactive maintenance activities. The personnel
within the program kept on building on one succefier the other to achieve a woithss asset
management program.

A well-documented turnover process, such as is in place at MSDGC, closes the gaps between the business
units and stakeholders during the different phases of a project. It also establishes a robust asset
commissioning process to reduce risk and better neac@sg. The turnover process at MSDGC is illustrated
in Figure7-1. As shown in the figure, many parties are involved in the new asset turnover process,
including:

1 Wastewater Treatment (WWT) Reliability Group

1 Design Engineer Consultant
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1 Construction Contretor
T WWT Planning Group
1 WWT Predictive Maintenance Group
The turnover process starts during the design phase with the following activities:

9 The design engineer consultant develops the piping and instrumentation diagranpemce®
completion.

1 The WWT relability group populates CMMS with the functional location numbers.
1 The reliability group provides the list of functional location numbers and specifications.

1 The reliability group along with the design engineer assign the functional location numberppirty
and instrumentation diagrams.

1 The reliability group develops asset records and assigns assets to the associated location record in
CMMS.

Once the design phase activities are completed, the design phase starts. The design phase includes the
following activities:

1 The design engineer consultant and construction contractor attach the appropriate electronic documents
(submittals, bill of materials, final O&M manuals, andbaslt drawings) to assets in CMMS.

9 The construction contractor develops spaags record and special tools record in CMMS.

1 The WWT reliability group, design engineer consultant, and construction contractor update asset
locations and records in CMMS to capture changes during construction.

1 The WWT planning group places the assenidieation tag on assets.

1 As part of the WWT reliability group, the reliability centered maintenance (RCM) team (operations,
maintenance, and engineering) performs RCM analysis for qualifying systems.

Once the contractor completes their work, the turnphase starts for O&M. This includes the following
activities:

1 The WWT planning group updates the maintenance strategy based on RCM output such as job plans,
predictive maintenance, preventive maintenance, and routes.

1 The WWT planning group decommissiorld assets, locations, and spare parts in CMMS.

1 The WWT predictive maintenance group performs predictive maintenance baseline testing on the new
assets, enter the new asset in Tango (software
accounability and proper procedures are taken to repair or eliminate failures), and update the predictive
software and insight oil website with new asset data.

Through this documented turnover process, the communication between the different paeteaisic
the responsibilities are identified. The different maintenance activities for this asset are documented in the
asset management system. Additionally, the spare parts are identified and the critical ones become part of
the storeroom inventory.
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Collectively, these activities have a significant impact on the TCO for the asset and reduces the risk on
the organization, where the assdlt directly add value to the system.
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Case Studies

Case study participants chosen for incorporation into this guidebook have relevant experience in
implementing asset management and TCO methods throughout their organizations. This chapter provides
a range of perspectives, by presenting case studies air&r@nd norairport organizations and a vendor

with relevance to the airport industry.

All three of the airportshat are covered in this case study analysiclassified as large hub airparts
They are:

1 TorontoPearson International, CarsaflYYZ)
1 Phoenix Sky Harbor International Airport, US (PHX)
1 HartsfieldJackson Atlanta International, US (ATL)

Toronto Pearson International

YYZ is the largest and busiest airport in Canada. The airport is a hub for around 400,000 flights and in
2015 it seved more than 41 million passengers. Over the last 2 years, the airport has seen unprecedented
growth of around Percent. It is considered the second largest access point to North America, second only
to JFK International Airport. US passengers come farope through YYZ, and process through customs
and border control, arriving subsequently into the US as domestic passengers. The focus in YYZ is about
improving passenger flow and creating dwéte so transit passengers have an opportunity to enjoy the
travel experience.

An independent noprofit authority, the Greater Toronto Airports Authority (GTAA), manages the
airport. The GTAA operates within the sowtlntral region of Ontario on a commercial basis to set the fees
for their use and to develop é&mmprove the facilities. Approximately 1,500 employees are employed
directly by the GTAA. Airport Planning and Technical Services (APTS) that includes engineering,
maintenance, project management, and technical performance employs 350 employees.

Asset Management Program at GTAA

In the 1970s, Transport Canada made a decision to computerize systems. An airport maintenance
management system (AMMS) was developed and deployed to all airports in Canada at that time. When
Canadian airports were subsequentlysfarred to private management, they were given AMMS for their
own internal management. From 1996 until the current time, the system has been in place and has been
managed and developed internally by GTAA. The AMMS at GTAA has robust data and detail, with
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processes and workflow built into the software, although additional maintenance tools for pavement
management and total cost complete the full asset management program at the airport.

Other systems that exchange data with AMMS include:

Maximo, computerizethaintenance management system

Oracle financial system

Chronos, time management system

Perspective incident management system

Fuel dispensing system

Scheduling via spreadsheet tool (Schediulan inrhouse application)
MicroPaver, pavement management syste

SCHAD, work order mobile application

AQUAdata, for condition assessment for sewer, stormwater, and potable water systems
Drawing data management system

GIS

= =4 =4 -4 -4 A -8 _a _a -2 -2

One deficiency in the AMMS data is for maintenance done by outside contractors, in partarular
contractors maintaining elevators. These contractors maintain data in their own asset management system.
Because of the additional cost required to enter data into the AMMS, that data has not been available
directly.

Asset Management Usage

GTAA acknowlediesthat the aviation industrgycles throughmany challengeselative to changing
economics and commuter trends. This recognitiordhaen the implementation dfieirasset management
program designedo helpstaff understand and address the followfimaincial challenges that face GTAA:

1 Problematic future budgetary allocation

1 Competing capital priorities leverage the business case

T Lack of resources, especially highly trained and specialized technicians and supervisors
It is understood that these clesiges impact every business unit within the airport.

A specific example of use of the AMMS is a report thatyuse to identify risks. Approximatelyy&ars
ago, staff established system hierarchies with component breakdown. For each system, theyedexelo
probability of failure, i.e., ristbased profiles for the systems. Each ystaff validategshat modeland,
from the risk profiles, prduce a document of higisk systems andsk mitigation measures

Maximo Implementation

Challenges in managinge AMMS and the need for a fdbatured asset management system has led
the airport to implement Maximo as a new asset management solution.
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GTAA has collaborated with other airports that have had successful asset management system rollouts
with the intantion of leveragindheir successes and lessons learned. These collaborations have affected the
methods being used at GTAA. Their implementatiais beemethodical,and consideredCurrently,the
Maximo Inventory module is live and owned by APTIReFled and passenger boarding bridging module
were scheduledor April 2016, with a full rollout expected by the end of 2016. Initial interfacesrare
construction and will be integratedth Oracle toenable thexchangef databetweerthe airport financial
systems. Other interfaces will be built as the system matures. Asset data from AMMS is being migrated to
Maximo, but the difficulties of migrating asset hist@ng creating barriers to completion.

Training is being scheduled forars at a time just before the rollout through the Maximo system provider
(EDI). Two types of trainingswill take place: supeuser and endser. In addition, changes in the
organization to fully use the features within Maximo have catalyzed organizatstraicturing to support
the implementatiofisee Governance section)

There are some challenges as the new system comes online. A primary challenge is in getting staff and
management buin to system and process charigihe human factorAccordingly, GTAA hasensured
there is strondeadership at APTS, championing the advantages and necessity of the change, as well as
early, frequent, and relevant communications about the project. The philosophy at GTAA has included
collaboration and inclusion. Strategigsed for the Maximo rollout at GTAA, shared by APTS include the
following:

1 Change process is sustainable only when people are on board
1 Leaders have to sell the idea

1 Good change management is pivotal

1

Good communication requires explaining to all staffat is going on, and giving people time to
adjust

|

Involve people
1 Show the employees the value

1 Do not make change seem arbitrary; show them that the change is beneficial

Challenges in the Program
9 Additional challenges in an overall asset management pragcunde:
Ensuring asset management objectives are established and compatible with organizational objectives
Ensuring integration of asset management systenm

1

1

1 Continual improvement and managing risks

1 Promoting crosfunctional collaboration between the businesssunit
1

Finding the correctly qualified resources in a small madsstet management specialization is hard
to find, particularly in management

=

During the commissioning, documentation that is turned over taitbert isnotalways adequate
1 During specification process, the right assets are not necessarily specified

1 Stakeholder reviews are allowed, but many do not take the time
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T Most contractors think that t he assadamstéad ofdat a s
during the project

1 Smaller projects are harder to manage because they do not have the same level of governance

Getting people on board is difficult. The advantages/disadvantages of an asset management program do
not show up for years. An examplited during the interview was:

It is hard to get people excited about one elevator lasting longer than another. Most pressures are
more immediate than cost of ownership.

It may become apparent to management that the benefits of the asset manpgegreentare invaluable
to the airport as it matures. As managers and leaders begin to realize the utility provided, there may be
disciples from within the airport. Some of these expected benefits from the Maximo implementation will
include:

1 Proactive risknanagement based on historical costs

1 Having readyaccess to performance dashboards

1 Producing accurate reporting (monthly, quarterly, and annual)

1 Improved datadriven decision making

1 Tracking labor cost through integration with Oracle financial system

Achd | enge for | ongevity of the project may be ma
through future transitions. A group of asset management leaders will need to be established to carry on the
program.

Standards Implementation

GTAA is implemeting and embracing the concepts of the asset management standards ISO 55000 and
PAS 55; however, it is not looking to be certified in it. Additionally, the airport is certified in environmental
management standards ISO 14001. The asset management prtagtachweithin the facilities business
unit and then was implemented throughout the airport.

Key Performance Indicators

The GTAA has established KPlIls that were establi sl
business units. By adopting these IKRit the leadership level, it ensures alignment throughout the
organization with a focus on performance goals. G
in Figure8-1.
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NN ®
P2 Our Connection :-

The best airport in the world:
Making a difference, connecting the world.

&9 Q

PASSENGERS ARE
OUR PASSION

Passenger &
Customer Service

Results First - Safety Always

Act Now - Be Transparent -

Safety Be Accountable

People

WinAsAT
Financial Sustainability R A

Aviation Growth Relationships Matter

Corporate Responsibility

4 ™

Respect ¢ Integrity

BEHAVIOURS B
BEHAVIOURS
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Execute Flawlessly ¢ Lead People ¢ Improve and Innovate ¢ Influence

Source: GTAA

Figure81. GTAAOd6s vision, goals, values, and behaviors.

Asset Management Governance

To achieve these benefits from Maximo, GTAA established a governance model in 2013 §RAgure
The governance model integrates the functions at both the land (terminals) and air sides (aviation). The
governance model is dividento two parts:

1 Asset Management Board
1 Maintenance Improvement Teams

This model makes sure that there is continuous communication between the different business units.
Additionally, this model gets people on board and drives the efficiency in impldinanta

ABuild a great process but you need the people

Figures8-2, 8-3, 8-4, and8-5 illustrate the aviation and terminals asset management boards and the
maintenance improvement teams.
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Maintenance Maintenance Maintenance

Improvement Improvement Improvement
Team 4 Team 5 Team 6
Source: GTAA
Figure 8-2. Assetmanagement board and maintenance i mprovement

Aviation Asset Management Board Membership

Director, Assistant Director Director
Aviation Technical Representative Engineering &
Infrastructure Performance Aviation Services Capital
Co-Chair Co-Chair Infrastructure
Assistant Director Manager Manager Manager,
Maintenance Agset Operational Health & Safety
Systems Management Performance Training
Chair Chair, Airfield
Documentation irfield Elt;r: trical Pavement MIT & Chair
Analyst Power Generation Utilities MIT
MIT
MIT
Chair, Chair,
Buildings MIT Fleet MIT
Source: GTAA

Figure 8-3. Aviation asset management board.
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Terminals Asset Management Board Membership

Director, Assistant Director Manager, Service Manager, Guest
Terminals Technical Delivery Planning Programs &
Infrastructure Performance & Integration Services
Co-Chair Co-Chair G&T Services G&T Services
Directo ; :
En il].;'ec o%, & Agsistant Director Manager, Manager,
gCapit a_lg Maintenance Operational Health & Safety
Infrastructure Systems Performance Training
: Manager, - .
Documentation Asset Co-Chair, Co-Chair
Analyst Management Baggage MIT Bagpage MIT
Chair, Chair, Chair, . mcg“fsi;mes
PPI Movers MIT Arch/Struct MIT HVAC MIT ' MIT
Chair, Chair,
LSS/Plumbing Building
MIT Electrical MIT

Source: GTAA

Figure 8-4. Terminals asset management board.
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Maintenance Improvement Team (MIT) Membership

Functional L . Reliability
Maintenance Eng]\/?atter ]i:gXSL‘:gect Specialist
Manager (CHAIR) TEXP (CMMS Operator)
Technical Specialist System Operator or
or Trades Tradesperson(s) _ Us_err
Supervisor (if applicable)
Administrator

Source: GTAA

Figure 8-5. Maintenance improvement team.

The governane model includes maintenance improvement team and supervisors from different fields.
The team members:

1 Look at the performance on monthly basis
1 Document what they have done and how they can improve it

Figures8-6 through 810 present various performanceetnics that were measured at GTAA during
December 2015. Figur8-6 presents the key performance metrics and their performance, Bigure
presents the preventive maintenance compliance performance metric, &guypeesents the baggage
performance metric, Figu@9 presents the passenger boarding bridges performance metric, $ifure
presents the people moving devices performance metric. RBgliteshows the calculations equations for
these metrics.
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Performance Metric

Target Dec 2015 YTD

Baggage Service Availability 99.5% 99.8% . 99.9% '
Degraded Mode % normalized for <4.6% 1.1% . 1.5% .
construction

Jams/1000 (over 1 min) <3.6 3.2 ® 2 ©®
PBB — Service Availability ™ 97.4% 98.6% @ 99.1% ®
Elevators 9%6.0% 9%66% @ 959% O
Escalators 96.0% 96.0% . 95.5% o
Moving Walkways 96.0% 97.5% @ 957% O
HSW - FEM11*** 95.0% 98.0% . 89.8% .
HSW - FEM12 95.0% 95.3% . 91.0% .
HSW - FEM12 Normalized for GTAA 98.9% . 93.9% O
Holds and Approved Outages

Automated People Mover 99.5% 99.7% @ 993% O

*Jams: Baggage unable to move due to being stuck
**PBB: Passenger Boarding Bridges; **HSW: High Speed Walk; FEM: Alias of specific unit.

Source: GTAA

Figure 8-6. Key performance metrics during December 2015.
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Performance Metric
PM Compliance PM Compliance - Terminal Inf
100.0%
Target  Dec2015  Trend Y10 e ——— - —
o) [ 2014
Terminal >77% 66.7% @ ¢ 71.3% 0.0% U gt
Infrastructure 50.0%
- 4
Aviation st 8sa% ® 1 s3e% s F FEEFSEXERER
Infrastructure
PM Compliance - Aviation Infrastructure
TC Hours as a % of Tool Time 100.0% -
00 | SO A g SO D e 2015
Target Dec 2015 Trend Y10 0%
gt —— 2014
Terminal 2% 37.8% @ 32.7% o] - = =Target
Infrastructure 0o% = T
Aviation 2% 350% ® 1 276% FE P EYERERER
Infrastructure
TC Hours as a % of Tool Time - Terminal Infrastructure
Regulatory PM Compliance 100.0% - e 2015
Target  Dec2015  Trend YTD 60.0% —em3014
40.0% -
Terminal 100%  85.5% @ 3 92.4% 20.0% - = =Target
Infrastructure 0%
F 2 FE S FE T EF SR ER
Aviation 100% 96.4% @ 94.3%
Infrastructure ; TC Hours as a % of Tool Time - Aviation Infrastructure
% * TCas a percentage of Tool time has been normalized for 80.0% 2015
incorrectly coded calls and unacc labour hours. 60.0% R
Source: AMMS 20.0% - = = Target
Ti Trades: 11, 12, 22, 30, 31,32, 38 0.0%
Al Trades: 1A, 12A, 21, 30A, 50, 51
Source: GTAA
Figure 8-7. Preventive maintenance performance metric during December 2015.
Performance Metric
Target Dec Trend YTD
201 Baggage Service Availability - T1 & T3
100.0% g T1 S&rvice
T - ] -
1 Baggage 99.5%  99.8% ® oo ‘o x e
Jams/1000% (all Jams) <36 5.8 L] 51 97.0% ?“Tm
96.0%
i == == Target
Jams/1000 Over 1 min <36 42 ® it Jon Fab Mar Apr May Jun i Aug Sep Oct Nov Dec
Degraded Mode % I k
18.5% 20.0% Degraded Mode % T1 & T3
Degraded Mode % <4.6% 1.4% ® 1% i { st T1 Degraded Mode
Normalized 40.0%

et T3 Degraded Mode
Read Rate 89.1% SR = = Target
w“____::z____

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

T3 Baggage ; 00% i
o b . . Jams/1000 (all Jams)-T1 & T3
Jams/1000 (allJams) <36 46 ® <0 :z e
Jams/1000 Over 1min 3¢ 14 ® 1 a0 m e T3 Jams/1000
20 - = Target
Degraded Mode % 21.6% 20.6% 0.0

lan Feb Mar Apr May fn bi Aug Sep Oct MNov Dec

z:f:::l‘i’z‘::'“’e % . ® 1%
S
Read Rate 89.1% 88.8%

*Jams: Baggage unable to move due to being stuck
Source: GTAA

Figure 8-8. Baggage performance metric during December 2015.
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Performance Metric
Target Dec 2015 Trend YTD
8 T1 PBB Service Availability 2014 vs 2015
99.5% - )——0&_ ----------------- o
T1 Bridges 97.4% 98.7% 99.0% =ttt
8 o *® " oms% 1% s —0—2015
T3 Bridges 97.4% 98.4% @ i 99.1% 9% e er e e s s e e = 2014
96.5% = = =Target
95.5%
Summary: g e i i A el e it
Gl - 2 g
Trouble calls on bridges are down an average of 10% over
the past two years, with more than 15% drop coming this T3 PBB Service Availability 2014 vs 2015
past year. 99.5% . S A &
Supportsl s?stems finished the year strong with only PCA’s at 08.5% "vl £ } il o 2ms
T1 not hitting the 95% mark. >
97.5% 4 = w2014
= = =Target
2015 FGP (YTD) PCA(YTD) ADS(YTD) PWC(YTD) 96.5% -
95.5% -
T 96.2% 94.4% 98.0% 98.4% : 8 F &£ F ¢ £ F & 8 % ¢
T3 08.2% 08.1% 99.0% 98.6% Trouble Calls on Bridges 2013, 2014 & 2015
w2013
——2014
—=0=2015
0 : .
Source: Whiteboard & AMMS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source: GTAA

Figure 8-9. Passenger boarding bridges performance metric during December 2015.
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Performance Metric

Target Dec 2015 Trend YTD
100 . Service Availability - Ele by Area e e
Elevators 96.0% 9%66% @ 1 95.9% - - ~ . —a=Tl
(115 units) S ¥ o =
-

Escalators 96.0% %.0% ® 1 95.5% 80% T E s s s > e = s —ovenl
(92 units) A S T I T S
m:l\::;vs e e, J0hT e 100% . Service Availability - Escalators by Area. # - Transfer
{41 units) el - ==T1

. ———T1

s : : T e Overall
Elevator Escalator Moving walks T e P A e [ C | O e
T 97.8%(72) ® 95.8%(66) « 97.8%(31) © g + Transfer
T3 a7.9%(16) ® 96.2%(11) ® 095%(2) * 20% =a=T1
Transfer 92.4%(27) ® 96.6%(15) ® 96.0%(8) © s e
Frpzpzrrprogp o
Summary R o R R L SR R i e
% PMD's finished the year strong with an overall score of PMD's Combined Service Availability
96.7% and a YTD mark just under 96%. 100%
# Critical/Ops impact units had an overall score of 98.9% o 2014
2015
90%

uer
qa4
e
iy
hewy
unf
nr
Sny
dag
»o
AON
20

Source: Liftnet — Inservice Data

Source: GTAA

Figure 8-10. People moving systems performance metric during December 2015.

PBB Calculations
SA __ ¥ of Bridges x Total Operating Time — Total Out Of Service Time _ (86 bridges x % of hours in Month — Total Out Of Service Time(PBB.ALV.CPY) (hrs)
Bridges £ of Bridges x Total Operating Time 86 bridges x # of hours in Month
PMD’s
SA _ #of Units x Total Operating Time — Total Out Of Service Time _ (115 x # of hours in Month — Total Out Of Service Time (hrs)
elevators — # of Units x Total Operating Time i 115 x # of hours in Month
SA _ #of Units x Total Operating Time — Total Out Of Service Time _ (92 x # of hours in Month — Total Out Of Service Time (hrs)
escalators # of Units xTotal Operating Time 92 x # of hours in Month
SA _ #of Units x Total Operating Time — Total Out Of Service Time _ (41 x # of hours in Month — Total Out Of Service Time (hrs)
moving walks — # of Units x Total Operating Time = 41 x # of hours in Month
_ Total Operating Time — Total Out Of ServiceTime _ (18 hrs x # of days in month — Total Out Of Service Time during 0500-2300 (krs)
SAmgh speeds — : - = :
Total Operating Time 18 hrs x # of days in month
SA _ Total Operational Hours — Total time of all Operational Impact Events
Baggage — Total Operational Hours
Source: GTAA

Figure 8-11. Performance metrics calculations equations.
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Total Cost of Ownership

GTAA implements TCO in its procuremeptocesses. TCO has been in place since 1999/2000 and is
mainly used for key large assets that move people such as elevators, escalators, automatic people movers,
transportation systems, and baggage handling systems.

The development of the TCO process wa®ss the airport organizational business units. The business
units, including executive management, finance, planning, engineering, facilities, and IT. The executive
management team was the main driver for TCO and provided the needed support to malenitaring
the initial TCO implementation phase, some barriers were from operations; however, through
communication and joint collaboration, these issues were overcome.

TCO currently resides in facilities, engineering, and IT; however, every businédwmsra seat at the
table and cross collaborates with one another. This-cals®orationensures the sharing of challenges
and opportunities across functions and inspires innovation. Througharallisim, barriers are removed
and the success of the DGmplementation airpovide is assured.

One of the procurement challenges that faced the airport before implementing TCO was knowing the
market and the services provided by the vendors and the quality of the services they provide. Therefore,
TCO was a god approach to deal with these challendggsecifically, he benefit of TCO as a procurement
model is that it puts the vendors on the hot seat for reliability and operating the assets for a period of time
along with performance guarantees. In additionmiakes sure the vendors understand the project,
deliverables, and that they follow the testing, commissioning, acceptance, and turnover (TCAT) process.

The criteria used in the TCO model are the following:
1 Robust nature of the equipment being selectedef@apce with that equipment)
9 Drive reliability
 Cost of maintenance over time
T Initial purchase price
1 Maintenance and replacement activities
I The TCO results are used to:
1 Select vendors
9 Evaluate vendors and their provided services
1 Evaluate the assets
9 Financid analysis (cost/benefit)
1 Develop business case

According to GTAA, he difficulties of TCO is knowing the marketor exampleknowing if the vendor
has a service arm or not and their experience in the Canadian market.

The TCO has been successful and weauable at GTAA one example is in the area @fcalator
procurement. The vendor through the TCO processaa@suntabléo deliveron promiseswhich reduced
the risk on the airport. Additionally, througthe TCO processthe relationship between thiport and the
vendor personndilasbecome stronger at multiple levels within both organizations. This makes operating
and maintaining the system easier and more efficient.
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Procurement

The finance business unit is leading the procurement process at GfAAirport procurement function
process is mainly structured according to the following:

1 Functional manager develops the scope
1 Scope gets reviewed and posted by the finance procurement team

1 Procurement team manages the process and makes sure everythingrgented properly and
communicated clearly between internal and external teams

The procurement methods that are implemented at GTAA depend on the product and service. For
example, if an important service is being procured with a high value, then thegmant process vendor
evaluation follows the following process:

1 50percent for price
I 50percent scope details and services provided

T Like work

I Experience

T Bid quality
1 Safety structure

The procurement evaluation team consists of the functional mansgeervisors, procurement
representative, operations, and an outside entity. Each person ranks the submission independently and the
team meets and decides. The recommendation goes to senior management for approval and execution.

The airport industry is a v tight market in procurement and faces many challenges to have a robust
procurement process, including:

1 Vendor diversity
1 Highly qualified vendors
GTAA uses TCO in its procurement processes especially large assets such as elevators and escalators.

One pocurement example at GTAA whenTCO helpednodify the future procurement approaches of
large systems. The airport, as part of the procurement package, wanted the vendor to install, operate and
maintain the asset. There was-gear O&M agreement attacthéo the service agreement. The vendor that
was chosen did not have a service arm as part of its operations. After the system was installed, many
operational and maintenance challenges occdaredirport personnel and the vendor because the lack of
experence and not having that service capability within their organization.

This made GTAA revisit its procurement approaches within TCO. This event triggered the procurement
team members to pay a closer attention to the submittals from vendors and expdmbthieidge about
the market and the capabilities of the different vendors.

The procurement business unit has specific and quantifiable written cost objectives, such as:
1 Improvement and continual growth
1 Obtain value for the money

1 Mitigate and reduce risk
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1 Maintain a good supply chain
1 Improve vendors lead times

The above objectives are mainly at the procurement functional level. However, the specifications are the
ones that manage the service level. These objectives are evaluatbdaoeording to the asset that is
being procured, whether it meets the specifications and the cost or not.

An excerpt of a recent tender (bid) package for a maintenance and repair services of elevators, escalators,
and moving walks is presented in Append 1.

O&M Ready at Toronto Pearson International Airport

GTAA has a process in place to include the different business units in the planning, design,
commissioning, and O&M of the assets. The forms of interaction include but not limited to plans review,
gpecification development, provide-bsilt drawings, and asset details. During the commissioning phase,
a team from different business units get together to get on the same page.

GTAA has a robust process and standard in place called TCAT (AppeBdiRdditionally, the airport
has a business case evaluation process in place that faqiitgiextrelatedcommunication between these
business unitdNith these different processes in place, silos can be broken down and more communication

happens.

Some ofthe biggest gaps in the turn over process of assets at GTAA that need more attention from the
contractordés side, where they should provide the -

1 Complete set of asuilt drawings
1 Warranties

1 Special tools

1 Specifications

Currently, as pantf the procurement process at GTAA, the project manager and procurement are making
sure contractors understand and acknowledge that this information is part of the deliverable during the
procurement and commissioning process of assets.

Phoenix Sky Harbor International

The City of Phoenix owns and operates the Phoenix Airport System, which indtudeddition to PHX,
airports at Deer Valley, PhoeniMesa, and Goodyear.

PHX is dubbed AAmerica's friendl i ePhoenxargapPtiXt 0 an
serves more than 100 domestic and international d
In 2015, PHX served 44 million passengers, making it one of the 10 busiest airports in the US by passenger
count. PHX is a hub fohmerican Airlines and is a focus city for Southwest Airlines.

With 1,200 daily flight® about 500 of them nonstdpPHX is one of the most convenient airports in the
US, with 17 competitively priced carriers serving PHX. The airport is located in the noti@ecater
Phoenix, less than 10 minutes from downtown.

The airport provides a free electric people mover from downtown to the airport. Commissioned in 2013,
the PHX Sky Train is an automated train to transport Valley Metro Light Rail passengers from the
44th Street/Washington Street light rail station.
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PHX employs 800 fultime equivalent employees, with about draf of these in the Facilities and
Services Department. A total of 14,000 employees work for the City of Phoenix. The airport is managed as
adepartment of the CityThe current aviation directenanages the Aviation Department. Three assistant
aviation directors report to the aviation director; each is responsible for a set of business units. In addition,
the assistant chief counsel, the cogterstrategic business planner, and the human resources supervisor
report directly to the director.

Each of the three assistant aviation directors has a stake in the asset management proces3nat PHX.
assistantnanages Technology and Planning EnvironmletatCommunity Noise Reduction Program, both
of which are involved currently in the asset management program. Likdhésether assistambanages
Facilities & Services, one of the largest stakeholders in the asset management prbgrémnd assistant
has Operations, Design & Construction, and Financial Management, all with large stakes in asset
management.
Synopsis

The FAA classifies PHX as an international, large hub airport. The airport is operating mature systems,
applications, and products (SAB)sgem that is widely accepted and used by diverse stakeholder groups.
The functional use of the system has expanded to include some asset management functionality. The system
is used to manage a wide list of assets, including:

1 Energy management systems

Specialized hardware and security cameras

Automated Critical Asset Management System (ACAMS)

IT equipment

Part 139 assets

Common use equipment, buses and fleets, generators, elevators, escalators, and moving walkways
Inventory

Jet bridges

HVAC

Gates and edge barriers

= =4 4 A4 -4 -—a A -—a -2 -2

Airfield lighting (lighting vault, control system, sensors and accessories, conduits, cabling, and light
fixtures),

400-Hertz ground power
Roofing and flooring
Fire systems

Central plant

Air handling equipment

= =4 =4 -4 -a -2

People mover equipment and otkguipment associated with aircraft parking, ramp area, roadways,
runways, taxiways, bridges, people mover vehicles, shuttles, drainage, fuel infrastructure, lighting,
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tanks, baggage, HVAC, plumbing, elevated bridges, parking garage/lots, passengeristermina
passenger loading bridges, administration buildings, maintenance facilities, pump stations,
wastewater treatment facilities, and signage

Whil e SAP provides a warehouse for a great deal ¢
providemuch of the functionality that the airport would like to have to manage its assets proactively.

SAP at PHX

History

PHX began using SAP under a citywide mandate to facilitate integration with financial systems.
Originally developed as an organizatiside database for multiple applications, i.e., financial, assets,
operations, procurement, inventory, administration, and human resources applications, SAP was first used
centrally at the City of Phoenix in the early 1990s. It was subsequently rolled outGaithey 6 s di f f er
business units. The Airport Department began using SAP in th& 99ids.

The SAP system is data rich, with 20 years6 wort!t
implementation. The collection of condition data has begomg since the mi@000s under a contract
with Faithful and Gould, with the rental car facility project. The database currently holds many thousands
of asset records.

Usage

PHX uses SAP to generate and track work orders, schedule proactive and peavaititenance, track
maintenance history, and monitor asset condition. Other applications, discussed in the following section,
are used to track FAA Part 139 discrepancies and maintenance history, and provide safety management
entries and workflow for matanance.

Business process and work flow for asset decision making and maintenance are not generally
implemented in SAP, although some business units do store maintenance plans in the integrated document
management system.

Maintenance supervisors use ariZ80rule in prioritizing their maintenance activities. The maintenance
supervisors conduct scheduling and planning of maintenance activities and produce work orders from the
SAP system. Maintenance cost tracking is also conducted through SAP.

Data in SARs tied to the GIS. The asset database connects these different assets based on their location.
(This is one of the challenges PHX has in their asset management program, where they cannot roll the assets
from a child to parent [system of assets). The var@sset elements (children) have a quick response code.

~

This code links the assets6 metadata to that speci

PHX has in its asset database in excess of 18,000 data lines. (These data are static and are not updated in
real time.) The collected data are checked for quality assurance and quality control in house prior to entering
and updating the SAP system. Additidly, whenever the GIS data are updated, these updates automatically
get reflected in SAP. In addition to SAP, the airport uses-hested fleet asset management software,
FASTERAsset Solutions.

Related Software

The Facilities and Systems Departmentregey busi ness unit manages the
[ di

a
and i mplemented Honeywell s Organi zation Bui ng
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manage it. Those specialized systems include closedit television, fire alarm, automatipsecurity
systems, and variable frequency drives. EBI provides an integrated platform for these systems, and PHX
uses the following modules:

1 Digital video manager to improve operational efficiencies and performance
1 Energy manager to monitor, validate aqtimize energy usage

1 Life safety manager to monitor and control fire alarm systems
1

Security manager to integrate information from security, access control systems and surveillance
devices

The cost of managing and updating EBI is high and requires rasogeirces than are available to the
airport. Because of this, only specific functionalities of EBI are in use and updated. There is an effort to
integrate EBI with SAP, but that status is not known.

PHX uses the document management module within Prim&lréfier Capital Management System to
manage asset documents such as budget, specifications, and requests for information. Unifier is integrated
with SAP. Commissioning documents provided by vendors (e.g., asset manuals, lists of critical assets,
maintenane schedules, etc.) are also stored in Unifer and linked to the assets stored in SAP.

PHX developed an thouse mobile work order application for SAP that is called FieldPort. The Part 139
tracking entries are not tied directly to work orders in SAP. Tl&reporting capability for FAA
compliance within the FieldPort application.

One of PHXO0s plans is to i mplement a Predictive
from that will provide the users with real time condition of the assets.

Additional Needs

While SAP holds many years of data for many of
system nor a maintenance management system. It lacks some basic functionality that would make it a better
tool for the airport. Assets in SAP aretrio a hierarchical catalog by system, nor are theylgeated,
although a location description is given for each asset. Generally, workflow is not included for processes,
and metadata is not standardized for each asset. Naming conventmesalGedgercodes) are loosely
standardized, with some departments using more stringent standards than others do.

It is widely perceived that SAP is not user friendly. It was intended that SAP would provide cost data to
allow managers to make decisions. The peroepttiat SAP data are not reliable prevents its use for that
purpose. That per cept ruoffendlimasy insseadeohactdalrdataunr8liabitity.s u s er

PHX does not have a formal, accredited management process in asset management susb088 1SO
(Asset Management Standards), I1ISO 9000 (Quality Management Standards), and ISO 14000
(Environmental Management Standards). However, there are plans to adopt and implement these accredited
management processes, especially 85000, in the near future.

Procurement

PHX is financially independent from the city, as the aiqgemerated revenue is used for its capital and
operational budgets. Airpegenerated funds must be consumed by the airport and cannot be used outside
the airport system.
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However, the @y largely governs procurement. The independent procurement authority at the airport is
typically $5,000, depending on the department and contract. Purchases above the designated authority
require City Board approval.

The City Finance Department handlese avi ati on di vi siondés procur eme
those procurements, the airport works with Finance to develop a request for proposals (RFP) for citywide
procurements. There are some airgmcific procurements, however, that are handledegntvithin the
airport division.

PHX implements various procurement methods including low bid, request for qualifications/RFP,
approved vendor lists, and-gall contracts. It is possible for the airport to purchase from vendors outside
the provided lisbased on quality, specifications, requirements, or other factors.

The airport has published guidelines for purchasing. Those are available online.

eProcurement

The City has recently implemented a new procurement system, eProcurement. The eProcustment sy
is used across the airport and was implemented to facilitate and improve purchasing citywide. With the new
system, the procurement process has changed so buying is done primarily at the City.

The procurement process starts with entry by airport stadf SharePort to request a purchase. After
purchase approvals, Aviation Supply enters the request into eProcurement. If the procurement is over
$5,000, the request goes to a City buyer; aviation staff purchases procurements under $5,000. Within the
eProwrement system, the airport has less control over procurements. The approval process has less checks
on payments to vendors.

All procurements for warehouse supplies (inventory) are done in the eProcurement system. That system
is integrated with SAP. A motli in SAP, Inventory Manager, automates replacement of inventory.
Inventory Manager tracks movement of supplies. When movement of a particular item slows down, the
Inventory Manager orders fewer of that item (i.e., there is a lower minimum number on hand).

Capital Projects

Projects are chosen for funding by a committee of airport deputies. This committee meets to prioritize
projects 6 months out. The mandates for prioritization are typically safety, security, and failures. A business
case is drafted to detmine the costs, scope, and schedule for project.

Within the airport, a panel reviews bids received from procurement requests. That panel has the flexibility
to determine procurement criteria used to select the successful bid based on specific project needs. After
selection, the City Streets Departmemdilas contracts for the airport.

A section within the Financial Management Division analyzes all capital assets. When a project is
90 percent complete, assets are capitalized. To help in tracking capital costs, the airport uses a capital
management systeralled Primavera Unifier. Within that system, the most common source of error is
estimated costs.

Total Cost of Ownership

PHX has data, tools, resourcasdpersonnethat will allow themto have a successful implementation
of a TCO system throughout teatire airport; however, TCO is not fully adopted at PHX. Nevertheless,
there are pockets of excellence within the airport that utilize parts of TCO. Currently, the main challenges
towards implementing a full TCO system throughout PHX, are the following:
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9 Silo processing of data
1 Lack of a good hierarchy in the asset catalog within SAP

PHX decidel to go down the path of TCi@ procurement because data are available and the airport will
be able to manage and operate the assets more efficiently and redoost tbEownership. This better
procurement will translate is saving future O&M funds and direct these saving to other capital projects.

Additionally, in order to achieve a comprehensive procurement process, various stakeholders within the
different levelf the organization provide input and report back to senior management, business unit heads,
facility management teams, etc.

Throughits data rich systemPHX has the ability to search and allocate various data throughout the
a s s kfacgcle PHX implenents a form of TCO approach in its procurement processes. However, in the
next strategic plan TCO will lseme an official initiative, with resources assigned.

The airport tracks KPIs and performance, weekly, monthly and annually. Implementing performance
measures allows the airport to focus on results, not the activities required to achieve them. While
performance measures are not a complete picture for success, they do serve to change processes that are
stuck in old and nonproductive ways, if the rightaseres are chosen.

Hartsfield-Jackson Atlanta International

HartsfieldJackson Atlanta International Airport (ATL)s t he wor |l dds busiest and
serving an average of 275,000 passengers and handling 2,500 aircraft arrivals andedepardudaily
basis. ATL is also a major U.S. hub for domestic and international todfesing service tanore than 150
U.S. destinations and nearly 70 international destinations in more than 45 codwtdasith more than
63,000 employees on camptlse Airportis the largest employer in Georgia.

In 2015, ATL became the first airport in the world to host more than 100 million passengers in a single
year, and this year it is on track to top 105 million guests. As a result abtitiauous growthATL could
face challenges related to facility conditions, aging infrastructure and capacity requirdmeneissed
usagealso boostshe demand on maintenance and facilities services.

Fortunately ATL is continuously improving its facilities and operations to kpapewith the demand
and quality of services provided to its passengers. Recently, ATL completed a 2030 Master Ri&am The
includes development, upgrades and additions to the ajrfggldinals, gates, landsidsgrgoand support
facilities.

A Sustainable ManagemeRtan(SMP)wasalsodeveloped to accompany the Master Plan and will be
integral in both the shernd longterm projects at thairport. Bothplans will have adirectimpact on
asset management and procurement processes.

Total Cost of Ownership Module

The Total Cost of Ownership CIO) is a more recent buzzword, and it means different things to different
people, organizations and industries. At ATL, TCO has been defindtebfsset Management business
unit as the annual cost to maintain an asset for the intended life of that asset per square foot. The annual
cost includes variousife cycle expenditurs, including utilities, operating and maintenanceapital
projecs, rert, and most recently insurance associated Withort assets.

78



CRP Project 043

The TCO module is also used for renewal and replacement sceoallusvt asset managers, planners
and senior | eadership to vi sewsasmplementsingan igrévement. mp a ct
This scenaricbased analysis provides outlook of the cosmpact over a specified period of time, anhd
even demonstrasthe return on investment after implementation.

The inception of TCO at ATL began byincreasing its overall awarenesscluding its features and
benefits. Although the City of Atlantaasa policy that considers tHie cycle analysis of products and
services in developmgmmanufacturing, use and disposal at the end of productTiZ€) was not fully
implementedhrowghout theAirport.

The adoption of TCO was conducted throughRDhep ar t me nt Asdet MAnagerment bosméss
unit. Upon approvalsenior leadersiantedthe Airport planning process to include the TCO perspective to
make better financial capital dsmns. Thus begaran initiative Airport-wide. Frequent meetingsiere
conducted toexplain its importance.As a result various Airport division representativesame to
understand thaguccessful TCO implementatioalies uporcrossdepartmental informatigrespecially in
ensuringaccuracy of input and output information.

The AssetManagement business unit, through its continut@® messaging and coordinating cross
Airport efforts, is currentlydevelopinga communication plan to promote efficiency and soatality in
the areas of procurement, design, operations, maintenance and decommissioning.

The associated costs for each asset reside in different databases throughout the orgahatiariude
the following:

9 Utility costsfor theAi r p o r t if the Gityso$ Adlant® Bltility Management SysterfUMS);

1 Maintenance costsfortd r port 6 s as s et s programbdedddr memagingdL sof t wa
work orders and capturing material and labor costs;

1 Life cyclereplacement costwostedn a databasky VFA, an asset management software that models
data later verified by the organization for accuracy

1 Capital cost data maintained withamterprise Project Management System (EPM&)ch captures
all projectrelated informationwith the necessityo begin capturinghese cost&€EPMSwasdeployed
with a specializednodule for TCO. ATL now has the liraf-sight tolife cycle costs associated with
many of theassets within the ATL portfolio.

ATL considers TCQo bea supplemental resource that allowsbalsiness units to have a synonymous
view of the actual costs of owning assef&his form of informatiorsharing will help determine costs
beyond procurement and construction, assist in better decimimg, and forecast estimated costs for
major renewahnd replacement initiatives

Sustainable Procurement Policy

ATL is also working closely with the City of Atlanta to develafsustainableProcurementPolicy.
Through this policy, theCity and Arport seekto become a model for sustainability for its customers,
suppliers, employees and the community at large.

The purpose of this policy is to encourage the use of recycled and environmentally preferable products
and services whenever practical, provided pimeducts perform satisfactorily and are available at a
reasonably competitive price. This policy encouragesiieeandeuse of recycled or recyclable supplies
and materials as a City goal to minimize environmental impacts related to City practicesmatidapand
divert items from landfills.
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Within ATL, the policy will be communicated fromfiop-downd delivery from senior management and
carried out by decision makers within each department. The policy is expected to be directly communicated
to vendorghrough contracting requirements.

Themain objectives of the green procurement padicy to
1 Identify materials for which &fe cycle approach can be applied before procurement
1 Develop comprehensive green procurement guidelines for all DepartmeniatibAwdivisions

1 Develop a comprehensive listing of environmentally friendly products available locally and
regionally that are comparable to conventional materials currently procured, and that are
economically feasible and suitable for ATL

1 Develop a listig of suppliers and vendors that provide local/regional, environmentally friendly
products

1 Make recommendations to update the procurement system to encourage bidders to include
environmentally sustainable products in all bids, such as requirement foficspeccentage of
environmentally friendly products

1 Establish protocols for supply chain sustainability validation surveys and audits

Sustainable Construction Manual

Next, the Airportds new $ 6 cdnsistsbfineeonsteuctopastvalllas i mpr o\
renovations and repairs to existing buildingdthough there have been projesfecific sustainable
construction requirements on some projects such as the pavement recycling program, a comprehensive
manual that outlinesustainable construcn requirements for all projects is beimtpvelod. The
Sustainable Construction Manual will establish guidelines for all constructionceaductedat ATL.

TheSustainable Construction Manual will include researcheadership in Energy and Environntain
Design (LEED) green building standaaiswell as otheecognized sustainable building industry standards
and guidelines used by other airports. Researching sustainable construction practices, costs to implement
these practices and the savings redliz@l provide a basis for the guidelines presented in the manual.

From a procurement standpoint, building with viable products will allow more sustainable ways to
decompose or reuse building materiatted end ofits useful life. The Sustainable Consttion Manual
will allow for disposal costs to be calculated in the TCO in advance of procurement.

Through the implementation of TCO, adoption of a Sustainable Procurement Policy and having a
Sustainable Construction Manual in place, ATL caudiew the entrre life cycle and its impact to the
Ai rportds triple bottom | ine. Al i ATh tomgke tohseiauge p ol i
decisions on sustainably maintaining its infrastructure and realizing its impact on surrounding communities.

Two nonrrairport organizations are included in this case study: Network Rail; and Kone. The findings
with Network Rail are relevant in thabd railroad company functions much as an airport in terms of
passengers and facilities, and has also had éx¢éepgperience in implementing TCO. It is one of the
pioneers in asset management and TCO worldwide.

80



CRP Project 043

As one of the preferred suppliers for installing and maintaining people moving systems, KONE provides
dedicated, ofsite, caltout and maintenance teamsi2dursa-day, 365 days a year at airports worldwide.
Its practices are highlighted in the included case study.

Network Rail

NR in the UK is the owner, operator, and infrastructure manager for the railway network in England,
Scotland, and Wales. NR maintains and develops the physical infrastructure of the rail network.
Additionally, NR ensures the efficient management of thetassn short, medium, and long term, while
taking into consideration the future expansions and development throughout its service areas.

As the owner of the rail infrastructyrBlR provides the operating companies access to the rail network.
It is fundedthrough a mixture of access revenue, paid to it by train operating companies and through
government grants. It is licensed under the British Department of Transport.

The main responsibilities of NR are:
Operating the network
Managing performance
Directingservice recovery
Setting timetables

Allocating capacity

Leading industry planning
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Maintaining, renewing, and developing the network

NR has a diverse set of assets. These assets include 20,000 miles of track, 40,000 bridges and tunnels,
2,500 railway statins (only manages 19 of them, other stations are managed by other operating companies).
In addition to the signals, wires, and level crossings. NR also employs around 35,000 employees.

Over the past 20 years, the passenger numbers have doubleekstitnaed that around 4.&illion
passengers use NR daily. There are around 1.7 billion passenger jaakezym the railway every year.
Currently, NR is investing more than 25 billion British pounds (36 billion $US) to grow and expand its
infrastructure between 2014 and 2019. However, through these global financial challenges, NR is working
on maintaining the Jae for money in their decision making process.

Asset Management

NR is one of thanostprogressive organizations when it comes to asset management throughout the
world. It implements PAS 55 UK asset management standards (equivalent to ISO 55000) thndsighout
planning, engineering, projects, and operating routes functions.

NR6s main asset management message to its stakehc
planning, delivering, and making available an infrastructure that supportsrthatcand future timetable
safety, efficiently and sustainably. 6 NR has an as

for a sustainable asset management.

Additionally, NR has an asset management strategy that serves two purposes: tideritigh level
objectives and targets for the infrastructure, and roadmap to improve on NR following link
http://www.networkrail.co.uk/aspx/12210.aspx
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NR6s asset manage manmthe ®lationghipevighyother ke Joauments v the gsset
management system and key overarching documents are illustrated in &irdhe purpose, vision,

strategy, themes and strategic behaviors are presented in &itBre
Even though NR has antablished and robust asset management program, it is continuously working

on integrating the business functions such that they work towards a common goal. One of the main
challenges NR envisions is the consistency and depth of implementation acrossiandlityctand

geographic diverse organization.

Safety Management System Role, Purpose, Vision and Strategic

Network Rail
Business Plan
Regulatory, Contractual and i
Legislative Commitments

Organisational Objectives

Asset Information Asset Management Policy

Strategy |

Network Operations . : i Asset Management Strategy and Objectives
Business Strategy 7

Infrastructure Projects &
Business Strategy

Route Asset Strategy j Delivery Schedules/Programmes &
Source: Network Rail

Figure 8-12. Asset management strategy and objectives, and the relationship with other key and
documents in Network Rail és asset manageme

S321j0d 19S5y

overarching
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Our purpose To generate outstanding value
(Why we exist) for taxpayers and customers

Our role Abetter railway for a better Britain
(What we do)

Our strategy To work with our partners and use our full

(How we are going to do it) potential to improve safety, reliability, capacity
and value for customers and taxpayers

Our behaviours Customer Accountable | Challenging | Collaborative
(How we need to work) driven

Our Strategic Themes

Corporate capabilities Key enablers
« Safety = Asset management « Technology and innovation
« Sustainability «» Capacity and performance « Organisational change
management = People

» Project development » Transparency and public
and delivery information
« Funding and affordability

Source: Network Rail

Figure 8-1 3 . Net work Rail 6s purpose, role, vision, strategy

Computerized Maintenance Management System (CMMS)

NR has implemented CMMS for more than 10 years. It has in place more than one CMMS system. For
example, there is one for tloperational assets (trains) and another one for the properties (stations). The
system that NR has in place is named AELLIPSEO. EL

NR uses multiple separate asset data systems. However, there is aneinitiderway to integrate the
asset information known as Asset Data Store with the GIS/Logical Model known as Railway Infrastructure
Network Model.

Most of the inventory data from the assets is entered manually in the data management system. The
condition data is mostly uploaded in real time from equipment such as handheld devices or from
measurement trains.

NR implements a \Wole Life Cycle Costing (WLCpproach in managing its ass&t4.C refersto TCO
over t he aslsuses WiC il mahagingapiyacahdeoperational expenditures of the assets. At
NR, the CMMS is used to track costs such labor, plant, material, etc. However, the system is not used to
charge back costs to other functions within the organization.
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WLC

NR utilizes WLC in procurin@ll major railway infrastructure assets. The following list provides some
of the breadth of decisions that are currently, or could be in the future, supported by WLC.

1 Selection of assets for installation on new or existing infrastructure

Comparison of pragkct designs, new technologies

Assessment of suppliers, warranties

Timing of renewal versus continued maintenance

Alternative renewal options; e.g., conventional renewal, refurbishment, upgrade
Costs and benefits of remote monitoring

Optimization of inspe@n/maintenance regime

Make or buy; e.g., design, maintenance

Comparison of timetable changes

Impact of vehicle characteristics on infrastructure; e.g., bogie stiffness
Application of operational restrictions (gauge, RA, line speed, etc.)

Selection of aces regime; e.g., blockade

Determination of inventory levels for spares holdings

Capacity/capability improvements in enhancement schemes

Optimization of local decisions on specific assets; e.g., timing/type of next intervention

Improvements in weather resihce/climate change adaptation
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Prioritization of work linked to service provision; e.g., improvements in safety, punctuality,
environmental performance, etc.

WLCispart of the proposal sé6 submittals by vendors.

costs, and performance over a minimum period of 35 years. An example of contract specific requirements
for the design of key infrastcture is presented in Appdix B.

Before implementing WLC as part of NR procurement processes, the organization faced many challenges
such as lack of information about the assets about their life costs and performance (including lack of
framework for undertaking the asset and eathg it). In order to overcome these challenges, senior
management believed that implementing WLC would assist in informing the organization about the assets
financial performance throughout itéife cycle. Additionally, regulators in the UK started
requesting/mandating it as part of the reporting and analysis.

WLC development included the different business units within NR such as financial, procurement,
engineering, planning, O&M, and facilities management. The main initiators were the executivegirecto
of planning, engineering, and finance. WLC is an independent business unit within NR. The Head of WLC
is the owner of the overall approach and methods.

The introduction and implementation of WLC at NR was not an easy task throughout the organization.
For example, the implementation in central functions was relatively straightforward. On the other hand, the
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implementation in projects and maintenance was more difficult because of the number of teams and
personnel involved, and the competencies requiredrdll, the WLC principles have been widely accepted
throughout NR and are rarely challenged. Furthermore, the implementation of WLC has resulted in
consistency in decisions with strong evidence base.

The main success factors behind this effective implémtien of WLC were the buin from the
employees, ease of implementation, external stakeholders support, commitment to competency
development, and mandating the WLC process. However, the most important factor for success was
securing funddi negx theirnntael rlnyadl I(yl iannki ng i nvestment app

WLC has been widely implemented across NR and it has positively affected the relationship between the
different functions within NR. The main user of the WLC outputs is the procurement function. At the
beginning of the implementation, the process was slower, however now it has caught up and got up to
speed. In part, the procurement function had to modify requirements and update policies. One of the
requirements that was impacted was the vendor/supptiaireenents, and this change was based on the
WLC data. NR used WLC to justify a shift from vendor conventional to partial renewal in some
circumstances that delivered significant cost savings.

KONE - Mechanical People-Moving Systems Vendor

Founded in 1910KONE is a manufacturer and worldwide supplier of elevators, escalators, passenger
conveyors, auto doors, and turnstiles. KONE provides both maintenance and technical support for all of its
products. The company provides innovative andeftioient soldions to its airport clients, under the core
goal of enabling people to move safely, smoothly, comfortably, and without interruptions.

Experience with TCO

The procurement division at KONE is structured and aligned to respond to airport equipment supply and
technical support needs. This alignment has been created through both structured communication and close
proximity of KONE and airport personnel, as they work together to provide the expected level of service
to stakeholders.

Airports and other clients ®NE serves, especially in the UK, heavily consider life cycle costs and
reliability of the assets as they are procured. Developing and using a lifebageld equipment selection
process has created collaborative relationship between airports and KONE hat enabled airports to
continually address their needs and levels of service. KONE has similarly collaborated with its other clients,
such as the London Underground, to develop a TCO tool for their assets.

KONE has discovered that in order to havsuacessful implementation of TCO and provide expected
value and desired outcomes to its airport clients, service contracts need to-tero(320 years) and
to include planned asset upgrade and replacement programs. The advantage of having #rasentong
service agreements is that they provide the ability to strategically plan for interventions, upgrades or
replacements, prolonging the life and performance of the assets over a longer period of time. Historically,
the investments in these areas hasn slow and have not adequately addressed the growth, expansions,
and types of services that the airports are currently experiencing.

TCO in Proposals

One of the challenges that KONE faces when responding to calls for proposals or qualificatiolife is the
cycle expectations by the owner. For example, the London Underground rungeard@sset life
expectation for its escalators. From the first day of providing service to this client, a vendor must consider
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and plan for a fiveyear component upgradgfdlacement intervention to meet expectations. Takdlés an
example of the life cycle strategy for escalators that London Underground uses.

KONE collects TCO data from assets it manages and uses it to calculate life cycle costs, and could use it
to improwe asset reliability and passenger experience. The collected data includes: planning and design,
installation and commissioning, operation, maintenance, and disposal. This information, however, is not
shared with the clients unless requested as part girtisals. Although this currentbpollected data is
being fully utilized in work for the London Underground, it is not being fully leveraged ircdgy
operations and maintenance activities completed on behalf of airports.

Table 8-1.7 Escalators life cycle

Asset Life Cycle Impacted Asset Element

Installed - year 1

Modification 1 - year 5 Handrails, tracking systems, clean.

Modification 2 7 year 10 Handrails, tracking systems, clean, non-destructive
testing inspections , motors and bearings

Modification 3 - year 15 Handrails, tracking systems, clean, non-destructive
testing inspections , motors and bearings, Refurb
Motor Gear Box , renew chains, controller upgrade.

Modification 1 7 year 20 Handrails, tracking systems, clean.

Modification 2 - year 25 Handrails, tracking systems, clean, non-destructive
testing inspections , motors and bearings

Modification 37 year 30 Handrails, tracking systems, clean, non-destructive
testing inspections , motors and bearings, Refurb
Motor Gear Box , renew chains, controller upgrade.

Modification 1 7 year 35 Handrails, tracking systems, clean.

Replaced - year 40

Case study subjects undertaken for this project were airports,-a@inpont organization, and a vendor
with a mature program iRCO/WLC.

1 TorontoPearson International, Canada (YYZ)/Greater Toronto Airports Authority (GTAA)
1 Phoenix Sky Harbor International AirpptiS (PHX)

1 HartsfieldJackson Atlanta International, US (ATL)

1 Network Rail, UK (NR)

1 KONE

The case studiesere conductedver 1 or 2 days onsite at PHX and YYZ, and remotely with ATL, NR,
and KONE. Aset management implementation practices wehirhorganizationvereexamined as well
asthe benefitgo the organization from the progra&iso evaluated were tHmusiness ogjectives, technical
and business problems and challenges, the solution that was implemented, and ways that the asset
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management program benefited organizational efficiency, procurement practices and total cost of asset
ownership.

The primary purposes dfi¢ case studies were to evaluate:

1 Implementation process
1 Lessons learned

1 Best practices

1 Benefits of the program
1 Impact on decisiomaking
9 Future plans

All of the airports in the studies are large hub airp@tempts to engage small and medium airpaorts i
case studies failed. It is a conjecture of the research team that the research topic requires a more mature
asset management program and that there are fewer small and medium airports with mature programs, thus
more difficulty in finding study subject§he compromise was to engage small and medium airports in
validating the TCO Tool.

Although NR is a railway network in England, Scotland and Wales, and not an airport, the organization
deals with passengers and journeys in a similar fashion. There @asstaam which passengers embark,
and those passengers journey through stations to final destinations. Statistics showing the number of
flights/journeys and passengers annually are in Tal2le 8

Table 8-2. Annual Number of Flights/Journeys and Passengers

Oraanization Toronto-Pearson Phoenix Sky Hartsfield-Jackson Network
9 International Harbor International Atlanta International Rail
Flights/Journeys 400 438 912.5 1,700
(thousand)

Annual

Passengers 41 44 91.25 16,425
(millions)

The implementationsf the asset management programs are mature in each instance, with the newest
being about 10 years old and the oldest from the X®T@sarly 40 years ago. That program is in GTAA,
where the Canadian government developed a software internally for usésatiglorts. When the airports
were privatized, that software was turned over to the airports for their own further development. Because
of the longevity of the program and the commitment of the airport to it, the GTAA program is used across
the airport 6r business decisions, risk management, procurement, operational, executive and TCO
deci sions. It is integrated with many of the air
continues with a transition to a commerciatthfé shelf software ctently in implementation process. The
program resides within facilities, engineering, and IT. However, all the business units collaborate with one
another A governancemodel for asset management ensures good degisiding and alkirport
engagement.

PHX6s success in capt urmideputs theantinean éxcelient positton ta leverage s a i |
a full-blown asset management system. The airport is using software mandate€iy ti¢hoenix, but
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they do not have the full functionality of an asset management system with work flows and dwvaisiiog
tools. The focus of executive leadership at the airport is pushing towards better d®eikiog tools for
financial responsibility and implement ahust and reliable asset management program.

The program at AL is continuously working on improving the facilities and operations to keep up with
the increasing number of passengers. In order to keep up with this fast pace growth, the airport looked into
adopting and implementing TCO to make better financial decisions. Additionally, to allow the business
units to be on the same page in terms of the actual cost of owning the assets. ATL is linking the
implementation of TCO with a green procurement poliogt a green construction manual. The policy will
assist in driving the incorporation of sustainability in the procured products and services. The manual will
establish green construction guidelines for all work at ATL.

KONE as an international provider ofechanical peopteoving systems has dealt with different types
of clients and different types of procurement methods. Every client is different in their needs and their
approaches towards procuring, operating and maintaining their assets. Considegggldifand TCO
improves the quality of services provided by the vendor and the services provided to the stakeholders. The
reliability of the systems increases and the capital and operational budgets can be better managed.

Every casestudy was unique in its TCO, procurement, and asset management journey. The participants
had a common goal, which is striving to become more efficient and effective in managing their assets
throughout their entire life cycle.

There are many lessons leatrtbat can be gained from these case studies. The participants throughout
their journey did not get things right from the first time. However, they are learning from their experiences
and are introducing adjustments to their processes and technologgesedtion will highlight these main
findings.

Toronto Pearson International

1 Toronto airport, like any other airport, has many challenges, especially financial. These challenges
include; future budgetary allocation, competing capital priorities, and lackigifly trained
technicians.

1 KPIs were established and adopted by the leadership. These KPIs ensured alignment throughout the
organization with a focus on performance goals.

i Toronto airport has a governance model that integrates both the land and ithesaiflis model is
divided into; asset management board and the maintenance improvement teams. The main goal for
this model is to make sure that there is continuous communication between the different business
units. Also this model gets people on boand drives efficiency in implementation.

 TCO has been in place since 1999/2000. It is mainly used for key large assets such as people moving
systems, transportation systems, and baggage handling systems.

T The development of TCO inessa gnitsaTbareonere batrieredurmg thep or t 6
initial implementation from operations; however, through communication and joint collaboration
these issues were overcome.

 TCO currently resides in engineering, facilities, and IT. However, every businesasi@gtdeat at
the table and cross collaborates with one another. This collaboration gets everyone on board and
allows everyone to understand the challenges that everyone is facing.

1 One of the procurement challenges that faced the airport before implegrieGtihwas knowing the
market and the services provided by the vendors in addition to the quality of these services.
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Toronto airport has a robust process and standard in place called TCAT (testing, commissioning,
acceptance, and turnover). Also there isibess case evaluation process in place that facilitates
communication between the business units.

The main benefit of TCO that it assures the quality of the services provided by the vendors.
Additionally, it makes sure that the vendors understand thegirdhe deliverables, and that they
follow the TCAT process.

The procurement evaluation team consists of functional manager, supervisors, procurement
representative, operations, and an outside entity. These evaluations are done independently and then
theteam meets and decides.

The airport industry is a very tight market in procurement and faces many challenges to have a robust
procurement process in terms of ; vendor diversity and highly qualified vendors.

Phoenix Sky Harbor

1

Phoenix airport operates a mature systems, applications, and products (SAP) system that is widely
accepted and used by diverse stakeholder groups. This system includes a wide range of assets such
as; energy, security, IT, inventory, jet bridges, peopleingpsystems and HVAC.

Whil e SAP provides a warehouse for a great deal
provide much of the functionality that the airport would like to have to manage its assets proactively.
The airport is financiayl independent from the city, as the airpgenerated revenue is used for its
capital and operational budgets.

The City largely governs procurement. The independent procurement authority at the airport is
typically $5,000, depending on the department@mdract. Purchases above the designated authority
require City Board approval.

The airport implements various procurement methods including low bid, RFQ/RFP, approved vendor
lists, and orcall contracts.

The City has recently implemented a new procurgnsgstem, eProcurement. The eProcurement
system is used across the airport and was implemented to facilitate and improve purchasing citywide.
Projects are chosen for funding by a committee of airport deputies. This committee meets to prioritize
projecs 6 months out. The mandates for prioritization are typically safety, security, and failures.

TCO is not fully adopted at PHX. Nevertheless, there are pockets of excellence within the airport that
utilize parts of TCO.

The airport decided to go down thath of TCO in procurement because data are available and the
airport will be able to manage and operate the assets more efficiently and reduce the cost of
ownership. This better procurement will translate is saving future O&M funds and direct these saving
to other capital projects.

Hartsfield-Jackson Atlanta International

1

Atlanta airport is facing many challenges such as the aging infrastructure along with the continuous
growth in the number of passengers. The facilities condition and capacity is not growing at the same
pace as the number of passengers, which impactsieeseprovided to the passengers and does

not meet the levels of service set by the stakeholders.

The TCO journey at the airport started with g
educating them about TCO and its benefits. Although, the @i#tlanta already has a policy in

place that considers the life cycle analysis, it was not fully adopted at the airport.

The adoption and implementation of TCO throughout the airport was 1 conducted through the Asset
Management business unit.
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I The airpot considers TCO as a supplemental resource that allows all business units to have a
synonymous view of actual costs of owning assets. Decision making will still be prioritized in a
manner that benefits particular business units, in which competing pSaemain.

1 The airport is developing a sustainable procurement policy. The purpose of this policy is to
incorporate sustainability criteria into how and what products and services are procured.

1 Through the implementation of TCO, adoption of a green pemsant policy, and having a green
construction manual in place, the airport <can
triple bottom line.

Network Rail

1 Network Rail is one of the progressive organizations when it comes to asset management throughout
the 30 world. It implements PAS 55 UK asset management standards (equivalent to ISO 55000)
throughout its planning, engineering, projects, and operatingsréunetions.

1 Eventhough NR has an established and robust asset management program, it is continuously working
on integrating the business functions such that they work towards a common goal.

1 Network Rail utilizes WLC in procuring all major railway inftaucture assets. Many decisions are
based on WLC.

1 Before implementing WLC as part of NR procurement processes, the organization faced many
challenges such as; lack of information about the assets about their life costs and performance. To
overcome thesehallenges, senior management believed that implementing WLC would assist in
informing the organization about the assets financial performance throughout its life cycle.
Additionally, regulators in the UK started requesting/mandating it as part of thetingpand
analysis.

1 WLC principles have been widely accepted throughout the organization are rarely challenged. Also
decisions became consistent with strong evidence base.

1 Network Rail used the WLC to justify shift from vendor conventional to partialwahewnhich
delivered significant cost savings.

KONE

1 KONE utilizes TCO data in the procurement, operations, and management of its installed assets. It
has developed a tool that would assist in achieving this.

1 Long term agreements between airports and vendiar key for the success of implementing TCO
and to achieve the expected value and outcomes from the assets.

1 One of the key challenges for the vendors when providing TCO info during proposals is not knowing
the clientsd |ife cycle expectations

1 KONE colleds TCO data from its assets to produce comprehensive life cycle costs. This data would
provide better asset reliability and passenger experience.

 TCO information provided by KONE complements the TCO implementation discussion provided

by Toronto airport; sch as having long duration contracts between the airport and the vendor.
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Total Cost of Ownership Tool

There are two component s to the ACRP project

Procurement. 0 The f iandthe sqeand part is develogmiersd of &aystedhatip TCOkK ,

approach to asset procurement (software tool) to improve deeaisaking and optimize the use of capital

and operating funds. This chapter discusses the development, methodology, parameters, etsgitg, op

system of the tool, as we lintludiagsa viteo wtoralcaiesmpanyi ng

The software tool requirements emerged from the compilation and syntheses of the industry leading

i C

practices that started with the literaturee vi ew and further defined throu

nterviews. The t eamdisadditiénQo inpat tfoedfacus grougok girpont staéf,n ¢ e

assisted in identifying a framework that leverages the collective knowledge of tistrynish developing
the TCO Tool. The framework for the tool focused on usability and applicability to airports of all sizes and
needs.

The TCO Tool was developed to attain the following principles

Easily modifiedto accommodate any size airp@tditioral complexity can be introduced by increasing
granularity.

91 Applicability to the entire procurement process from project planning through decommissioning.

9 Capability to inform yearly capital (repair and replacement) budgetary decisions.

T Abil ity ttoi frauns dievinar i os regarding the timing

replacement interventions.

The developed Excddased TCO Tool can be customized to any set of aifpoen scale parameters,

large, medium, or small

In developing the TCO Tool, a stepise methodology wasmployed, as described in the following

points.

1 Pre-Defined Assets The tool is populated with a list of 18 assets. The tool includes the cotifenon

cycle of each asset class starting with-precurementprocurement, operations, maintenance, and

disposal. Each phase of tlife cycleis divided into different parameters. These parameters are based

on related activities within each element.
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1 Inputs. Inputs for the tool include the asset hierarchy of eaichgpy asset down to Uniformat Tier 2
(parent and child) for each class. Inputs of the related values withiifeacicle parameter for the
asset elements. Additionally, there is input for the analysis period and the expected asset cycle. Each
asset elmentlife cycleis divided into capital and O&M to reflect the differences in the cycle (number
of years) for each of them. The capital reflects the expected age of the element and the O&M reflects
the annual or other periodic activities that are conductethe assefrom the research effort it was
found that input values are unique to each airport and so the tool allows for manual input of this
information

1 Combined Dashboard The combined dashboard brings together all the primary asset classes into a
single rolled up management tool. The dashboard would include; summaries by primary asset class,
life cyclewith and without smoothing, histograms that show the cosifeeyclephase, and sensitivity
analysis.

The TCO Tool methodologgtataflow diagramis presented in Figurg1.

Thelife cycle of the assets divided into five main phases:
Preprocurement
Procurement
Operations

Maintenance

=A =4 =4 =4 =4

Disposal

Table9-1 breaks down the parameters related to each phase.
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TCO TOOL DATA FLOW DIAGRAM

Calculation Methodology

COST CAPTURE

TCO MODEL DEVELOPMENT PHASE

Capital expenditure for each element
(unit rates/quantum per element)

l

ACRP Elemental breakdown:

Fueling systems
Airside pavement
Jet bridges

. &

* Roofing
+ Flooring
« HVAC
Lighting
+  Escalators/elevators/moving walkways
« Baggage handling systems
Rolling stock

Confim period of

appraisal e.g.
30/40/50 years

Determine

residual life of

TCO Model assumptions & % ‘on-costs’ to be applied/considered: Data for assumptions
- Consulting fees - Insurance(s) - Energy consumption - Lostrevenue is based on:
- Business case development - Taxes - System upgrades - Decommissioning 3
. 1 - Disposal fee - Experience

- Design cost - Warranty cost - Capital improvements [ 0 - Publications

- Procu_rement process - Installe_‘\tion, configuration - Personnel - Salvage value _ Standards

- Permits/Fees & testing - Spare parts - Previous projects

- Site preparation - HSE - PM, PdM, CM - Manufacturer / vendor

- Asset cost - Temporary arrangements - Extended warranties - Training

- Processing cost - Training - Temporary

- Shipping cost - Update drawings arrangements

' CALCULATION PROCESS:
Quantum x Unit cost rate = Basic cost
Basic cost x % of Work = Amount
SAmount + Applied 'on-costs’ = Sub total
- Subtotal x Times (no. of cycle frequency) = Total
Total is amortised over the appraisal period based on
the no. of cycle frequencies occurring in the period of
assessment.
PIVOT TABLE
ACRP TCO MODEL
—>
DEVELOPMENT — RUN TCO MODEL * [ ELEMENTAL ANALYSIS ]
# ‘ [ LC REPORT ]
For each element:

- Determine % of work to be done

[ RUN SCENARIOS

] [ LC BENCHMARK PARAMETER - $/Sqft/Year J

Age adjustment = Difference between year of construction minus the
commencement year of appraisal

Base Start Year = The Estimated Service Life/design life of element
Adjusted Start Year = Base Start Year minus Age adjustment

Cycle Year (frequency) = ditto ‘Base Start Year' or a period based
on engineering judgement or experience based on collated data

i

- Apply design life / Estimated Service Life

- Apply cycle frequency
- Decide on type of intervention replace

I repair / overhaul . % of work

Adjustments to initial assumptions e.g.:
. Design lives / ESCL

. Unit rate / quantum

Figure 9-1. TCO Tool methodology data flow diagram
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Table 9-1. TCO Tool Parameters

Parameter Parameter
1 Pre-procurement 3 Operation
1.1 Consulting Fees 3.1 Energy Consumption
1.2 Business Case Development 3.2 System Upgrades (Software, hardware,
firmware)
1.3 Design Cost 3.3 Capital Improvements (building
enhancement costs)
14 Procurement Process/Documentation 3.4 Personnel
(management/operator/engineer)
15 Permits/Fees 3.5 Health, Safety, Environment (HSE)
2 Procurement 3.6 Training & Professional Development
2.1 Site Preparation 3.7 Operational Impact
2.2 Asset Cost (Equipment, Material, etc.) 4 Maintenance
2.3 Processing Cost 4.1 Personnel
(management/operator/engineer)
2.4 Shipping Cost 4.2 Spare Parts
2.5 Insurance Cost (shipping) 4.3 Health, Safety, Environment (HSE)
2.6 Taxes 4.4 Training & Professional Development
2.7 Warranty Cost 4.5 Preventive Maintenance
2.8 Installation, Configuration, and Testing 4.6 Corrective Maintenance
2.9 Health, Safety, Environment (HSE) 4.7 Predictive Maintenance/Testing
Equipment/Facilities
2.10 | Temporary Arrangements (During 4.8 Extended Warranties
Installation Activities)
2.11 | Training & Professional Development 4.9 Temporary Arrangements (During
Maintenance Activities)
2.12 | Annual Insurance (Equipment) 410 | Lost Revenue
2.13 | Disposal Fee of Old Equipment - if 5 Disposal
applicable
2.14 | Salvage Value of Old Equipment - if 51 Decommissioning Cost
applicable
2.15 | Update in house Shop Drawings 5.2 Shipping Cost
5.3 Disposal Fee of Old Equipment - if
applicable
54 Salvage Value of Old Equipment - if
applicable

The list of assetm the tool include the following assets:

1 Roofing
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Flooring (terrazzo, marble, carpet)
HVAC

Lighting

Escalators

Baggage handling system

Rolling stock

Fueling systems

Airside pavement*

Jet bridges

Information technology (IT) systems
Video management arglorage systems
Video storage systems

Video surveillance systems

=A =4 =4 =4 =4 =4 4 4 4 -4 -4 4 -4 A

Access control systems

Table 92 lists the considered (prepopulated in the tool) assets and their elements.

Table 9-2. List of Considered Assets and Their Elements

Asset Elements Asset Elements

1 Roofing 10.6 | Electric carts

1.1 Roof structure 10.7 | ARFF emergency response equipment

1.2 Roof material 10.8 | Snow removal

1.3 Drainage system 10.9 | Dump trucks (heavy equipment)
sweepers, water trucks, bucket trucks,
fuel trucks

14 Expansion joints 10.10 | Tractors (off road/rubber removal)

15 Sealing material 11 Fueling Systems

2 Flooring (Terrazzo) 11.1 | Transport pipelines

21 Base material 11.2 | Vehicles

2.2 Terrazzo 11.3 | Fuel storage tanks and trucks

2.3 Expansion joints 11.4 | Filtration

2.4 Manage existing material (asbestos, 11.5 | Pumps

lead, hazardous material)

3 Flooring (Marble) 11.6 | Dispensing equipment

3.1 Base material 12 Jet Bridges

3.2 Marble 12.1 | Ground power (electric)

3.3 Expansion joints 12.2 | Mechanical system (control system)
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Asset Elements

Asset Elements

3.4 Manage existing material (asbestos, 12.3 | Tunnel
lead, hazardous material)
4 Flooring (Carpet) 12.4 | Accessories
4.1 Base material 12.5 | Potable water system
4.2 Carpet 12.6 | HVAC
4.3 Expansion joints 13 IT Systems
4.4 Manage existing material (asbestos, 13.1 | Servers, workstations and displays
lead, hazardous material)
5 HVAC (At Terminal/Buildings) 13.2 | Network equipment (including switches
and routers) and cabling
5.1 Control system 13.3 | Mobile devices including tablets and
mobile phones
5.2 Furnace 13.4 | Scanners and other devices
5.3 Heat exchanger 13.5 | Storage devices (direct attached
storage [DAS], network attached
storage [NAS], and storage area
network [SAN]
5.4 Evaporator Coil 13.6 | Software
5.5 Condensing unit 13.7 | Power backup and distribution systems
5.6 Refrigerant lines (chill water distribution 14 Video Management& Storage
system) Systems
5.7 Condensing water distribution system 14.1 | Mobile data terminals (handheld
devices)
5.8 Cooling tower 14.2 | Emergency call stations
5.9 Chill water pumps 14.3 | Servers, workstations and displays
(including large displays for video walls)
5.10 | Evaporative coolers 14.4 | Video management software
5.11 | Air handling equipment 14.5 | Network equipment (including switches
and routers) and cabling for distributing
video
6 Lighting (At Terminal/Buildings) 15 Video Storage System
6.1 Control system (electric) 15.1 | Video recorders
6.2 Conduits 15.2 | Video Storage (DAS, NAS, and SAN)
6.3 Wiring/Cabling 15.3 | Video Storage Software
6.4 Light fixtures 15.4 | Servers, workstations and displays
6.5 Sensors/Accessories 15.5 | Network equipment (including switches
and routers) and cabling for distributing
video
7 Escalators/Moving Walkways 16 Video Surveillance System
7.1 Control system (electric) 16.1 | Cameras
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Table 9-2. List of Considered Assets and Their Elements

Asset Elements Asset Elements
7.2 Mechanical system (motor, chain/pallets, 16.2 | Network equipment (including switches
guides/rollers) and routers) and cabling for distributing

video, and/or legacy analog devices for
distributing signal to analog cameras

7.3 Accessories (e.g. hand rails) 17 Access Control System

8 Elevators 17.1 | Software

8.1 Control system (electric) 17.2 | Servers, workstations, and displays
8.2 Mechanical system 17.3 | Network equipment (including switches

and routers) and cabling for distributing
signal, and/or legacy analog switches
for distributing signal to legacy analog
devices

8.3 Passenger car 17.4 | Field equipment, including contacts,
power supplies, controllers, readers,
portal hardware, biometrics, offline
readers, keypads, request to exit
buttons, battery backups, locks, gates
and turnstiles, etc.

9 Baggage Handling Systems 18 Airside Pavement

9.1 Control system/Programmable logic 18.1 | Surface (asphalt/concrete)
controller

9.2 Mechanical system 18.2 | Subsurface (base material)

9.3 Electrical system 18.3 | Joint seals

9.4 Accessories 18.4 | Surface painting

10 Rolling Stock
10.1 | Light duty vehicles
10.2 | Monorail

10.3 | Baggage transport
10.4 | Tug truck

10.5 | Shuttles

The TCO Tool inputs are provided from across the organization, such as from Facilities and Infrastructure
and Project Managemerfthe assedata inputs include condition, age, and historical spending patterns of
facilities for the abilityof airport managerto make capital decisions such as repair, rehabiliatidor
replacement.

The TCO Tool will be able to:
91 Develop and vet developmeaiternatives

1 Run different funding scenarios
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I Estimateai ncl usi ve cost slfecyeld at ed to the assetsb
1 Estimate the impacts of variations of asset management strategies

i Estimate the amount of energy/utility consumed per component use

The TCO Tool is developed in Microsoft Excel 2013*. Excel is part of Office 2013 and Qfiice
ProPlus. The standard system requirements to operate the tool (Excel 2013) are available on
https://technet.microsoft.com/ers/library/ee624351.aspx

The TCO Tool wuser 6s ma R.Addlitionally avwleoduwodahseriedis availabld p p e n d
with this tool. This series is divided into two main gageneral tool overview and a step by step example.
In total there are five tutorial videos:

1. Introduction to the tool
Input information about the project, assets, and analysis assumptions
Input asset procurement information

Results

o b~ b

Example
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Procurement Best Practices
Implementation

After deciding to adopt any new asset management program, methodology, or tool comes the
implementation process. This chapter describes the means to ensure that an organizational initiative is

successful and has sastable benefits.

Success in the implementation of best practices rests mostly on the organization having committed
executives and leadership tesrfihe end goal from these initiatives, in addition to improving performance
and productivity, isa timely ROI.

Unfortunately,whenever a new initiative is introduced within an organization, studies have shown that
around 7(ercent of these change initiatives fail to meet expectations. This is a very high percentage for
initiatives to falil, taking ito consideration its financial impacts on the organization as well as a potential
impact on the employees in terms of moral and relationship with their leadership.

The |l eading root cause for these i nonsiraegyifromes d f a
the leadership. This execution strategy is the main force behind launching a successful initiative. It is
considered the roadmap that will assist every team member to successfully navigate the change effort to
achieve the intended outconma®d expectations.

Arecent execution strategy publication AWhy Exec
outlines a proven methodologyfor successful program implementation.DELTA FORCE. The
methodology defineshe strategyand execution preess stepsas well asthe critical success factors
necessary to achieve desired results

There are many execution process methodologies in the industry that could be employed to ensure a
procurement best practices progranti deliver value. The main focus of these methodologies is mainly to
define Awhat o needs to be i mproved. Once the dAwha
stick and sustain it, is missing.

The DELTA FORCEattempts to fill this void by prasing a framework for executio¢ortin 2016)
These attempts are summarized below.
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1 DELTAT Strategic Execution Process i FORCET Strategic Execution Imperatives
i Define the problem T Follow throughi actions and activities
i Envision the future T Organized Treat initiative as a Capital project
i Lead by example I Respect among team members
i Task management T Culture awareness
i Active Monitoring T Entrepreneurial spirit encouraged

The DELTA is an effective execution strategy tbanhbe utilized when leaders decide to shift from an
existing condition to a one that is considered more efficient and effective. This process is presented in
Figure10-1. The FORCE should be used in conjunctidgth the DELTA to establish the critical sucses
factors for the new project or program. These execution imperatives are presented idG-Bure

A tive Monitori Monitor Benefits Coachingand Communication
ctive lVionitoring Progress Tracking Mentoring ET
Task Management Work Plan & Task & Sub-Task N::L:::;:ss&

g Schedule Teams 8y

Training

L Executive Values Steering
ead By Example Sponsor Committee

Envision the Future On ol

Define the Problem

Source: Why Execution Fails and What to Do About It

Figure 10-1. DELTA execution process

Follow—through on activities

Organized - treat like a capital project ' Project o
P’ Manager 8

Respect among team members

c I A y Inter- Culture Bottom-Up &
uiture Awareness Departmental Awareness Top-Down

Engaged Involved Innovation Pilot Tests

Entrepreneurial

Source: Why Execution Fails and What to Do About It

Figure 10-2. FORCE execution excellence imperatives
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The DELTA FORCElife cycle (Figure 10-3) illustrates the interaction between the DELTA and the

FORCE elements and their interaction.

EXECUTE

1. Define
the
Problem

2. Envision the

5. Active Future

Monitoring

3. Lead
by
Example

4. Task
Management

Respect

Source: Why Execution Fails and What to Do About It

Figure 10-3. DELTA FORCE life cycle view

Strategic Plan

If a procurement best practices strategic plan is not in place, the DELTAtéipeplanning process can
help develop a strategic plan. The process helps in identifying the gaps and the methods to close these gaps.

The strateip plan is developed by including stakeholders from across the organizational functions
(Engineering, Financial, Procurement, Technology, Services, Operation and Maintenance, etc.) and
different levels of employees from within each function (senior, nmd,janior level staff). The strategic

planning process is presented in Figudetl

G ap Best Practices

An aIySiS Assessment Gap Anlysis

Strategic TG Goal Alignment

and
PI an Plan/Road Map Expectations

Source: Why Execution Fails and What to Do About It

Figure 10-4. Strategic planning process
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Governance

A senior management representative should be assigned responiibillig change initiative as the
executive sponsor. This person represents corporate commitment to the project, is held accountable for
success/failure to peers and ensures appropriate resources are made available to the implementation team.

Once the strategiplan has been approved and actions detailed in an improvement plan, it is strongly
recommended that both a cras=partmental steering committee and an overall project manager be
assigned to the effort.

The steering committee is usually made of mid tpepnanagement to provide general direction, eross
departmental coordination, and support individual actions and task teams assigned to execute the strategic
plan. Assignment of a full time project manager is a critical success factor to be respotiséoéxarutive
sponsor and steering team to execute all elements of the plan.

Actions can be assigned to individuals and in some cases task teams that can alsalepannssntal.
This teambased implementation model is presented in Figh®, and teanbased orgaizational structure
in Figure 106. Figure10-5 illustrates that team members are assigned from different departments and
assigned to a project team.

Organizational Hierarchy Team-Based Model

Dept 3 |
. . O Steering Team

° o Task Team

00
000

Source: Why Execution Fails and What to Do About It

Figure 10-5. Team-based implementation model

In addition to subject matter experts, Figubealshows that each team should also have efficient meeting
management roles such as leader, facilitator, and a scribe to capture meeting outcomes. A cadence of
accountability should also be estabés such as monthly progress reporting.
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Improvement Initiative

Task Team Organization
* Sponsor (from Steering Team)
* Leader
* Facilitator
* Scribe
* Cross-functional membership

Source: Why Execution Fails and What to Do About It

Figure 10-6. Team-based organizational structure

All teams should be guided by a formal team charter that details objectives, a list of actions/activities
with target completion dates, participant names and roles, and expected benefit statements. A sample
procurement best practices steering committee charter is presented inlBigure
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Procurement Improvement Program
Steering Team Charter

Mission: The Procurement Improvement Program (PIP) steering team will provide
oversight and guidance to developing and implementing procurement best
practices.

Members: Procurement, Engineering, Construction, Operations, Maintenance, and
Finance

Executive Sponsor: Chief Operating Officer (COO)

Deliverables +

Schedule:

1. Conduct a best practices gap assessment (Q1)

2. Review assessment and develop improvement plan (Q2)

3. Determine what support and organizational resources are needed to support the PIP (Q3 and Q4)
4. Develop schedule and forum for updates to executive staff (Q1-Q4)

Key Activities:

- Attend steering committee/Task team meetings

- Ensure appropriate staffing resources are assigned to the PIP initiative
- Review and comment on studies, reports, and staff recommendations
- Monitor PIP schedule

- Provide quarterly PIP progress updates to executive staff

Expected Benefits:

- Timely implementation of PIP best practices

- Organization-wide involvement and initiative communication
- Cost savings and improved customer service levels

Charter Date:

Endorsements:

Source: Why Execution Fails and What to Do About It

Figure 10-7. Procurement improvement program team charter

Once the strategic plan is defined and documented, and the DELTA FORCE elements become the
execution roadmap, a communication phanstbe in place to successfully inform the stakeholders of the
initiatives benefits, participants, and schedule as wellas éorums to address any of their concerns.

A communication plan consists of four main components. These components deal with the Who
(audience), What (message), How (platform), and When (schedule). The following is an example of these
components.
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Who (Audience)
1 Leadership

i Vendors

1 Employees

1 Regulators

What (Message)

Internal

Procurement best practices such as TCO are the future direction

Procurement best practices include all related functions and employees
Executive | eadern#iftivepbs support to this
Business processes and decision making alignment

Active engagement and collaboration is expected from everyone during implementation
Continuous communication and discussion between different functions

Training and professional development wil provided to employees

=A =4 =4 =4 =4 4 -4 =4

Introduce accountability within the processes

External
1 Provide vendors/suppliers information about procurement changes

1 Request feedback from vendors/suppliers

How and When

How and When would assist in providing details about thencomication platform that these messages
(What) will be issued to the different (Who). The platform can be a newslett&il evideo, presentation,
etc. Depending on the message, it can be communicated monthly, quarterly, or yearly depending on the
topicand its importance. Establishing a communications team to lead such efforts is recommended.
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Asset Management Future at Airports

Asset management is a dynamic science that is continuously evolving and advancing with technological
advancements, sapresented in Figurd1l-1. Although asset management has been established and
implemented for many years at different industries, the aviation industry is lagging in implementation and
realization ofbenefits.

Airports of the future are facing two mainatlenges:
1 Maintaining assetwith constrained and reduced budgets
1 Improving the quality of services provided to passengers and airlines

Airports are becoming destinations and r@garded asmall cities.Passengers are requesting more and
enhancedervices to accommodate their long traveling hours. Airlines are requesting airports provide better
services to accommodate their passengers while waiting on their trips. Additionally, airport managers are
looking for ways to increase their revenue to mdthér financial dependency on government and local
authorities. These changes and demands irethasneed to utilize asset management best practices in
operating and maintaining airportsé facilities.

In answer to the question i Wh at idoairports anvisiom im the next 5 to 10 years in the field of
asset management, procurement, tbfalcycle, and i nairpOrMva8a®drs responded with the
following insights.

1 Implement and use BIM to provide more accurate data and preditgiegcle analysis
1 Implement predictive maintenance as part of the maintenance activities
1 Implement enhanced asset management technologies

The real asset management challenge that faces airports is timing associated with investing capital to
build capacity just imdvance of need. Airports are sweating their assets to ensure full value before investing
in new capacity. This places pressure on the asset management teams to plan and design well, purchase
smart, and implement robust, precise maintenance programs ecesges complimented with highly
trained and motivated staff. A CMMS and/or EAM is foundational to delivering these needs. In addition,
thorough and readily available documentation, reporting capabilities and-desgjhed executive level
supported govelance model is key to excellence in asset management.
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Airports of 20XX: Success = Having an Integrated Plan

Aging Infrastructure/
Workforce

Climate Change /
Business Continuity

(Reliability,
. Customer
L Experience)

(Concessions,
WIFI, Smart

Advances in

Airport Cities o
Airline Industry

Movement

Figure 11-1. The dynamics of airports in the future
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Final Words

Airports are complex organizations composed of a high number and variety of assets operating under
demanding conditions aretonomies. The tradition for airports to operate under functional governance
structure, using lowestost purchasing policies has encouraged a linear approach to procurement rather
than an integrated asset management framework that consistently droesssnather industries. There
is ample opportunity for the airport industry to realize substantial benefits by adopting a different operating
modeb one which allows the organization to operate and maintain all its assets in a way that balances costs
with risk while meeting service expectations.

This new operating mod&lasset management under a total cost of ownership thasle itself a multi
faceted practice area. It is designed to span and fully integrate design, procurement/construction,
commissionng, operations, maintenance, and decommissioning processes. It is challenging, if not
impossible, to represent all of these aspects and tools in a single manual.

Faced with that complexity, this guidebook is intended to be concise rather than compeeHehsives
in on proven tools, methodologies, and +&akld examples that are most relevant to airports in an effort
to help staff evaluate and begin adopting practices that makes sense to their operations. Taken as a whole,
the recommended practicas this guidebook can help airports control their operational expenditures,
optimize reliability, and mitigate many types of organizational risk. It is also possible, however, for
organizations to see benefits from adopting one or two of the methoddddsearithese pages, focusing
on areas of highest concern or accessibility.

To recap the main points of this guidebook:

1 Adopting a Total Cost of Ownership (TCO) approach to procurement is a way airports can assure
that they use funds wisely to procure amdploy assets that, across their entire life of service,
will be able to meet their operational responsibilities;

1 Integrating sustainability into infrastructure decisions will allow airports to optimize their use of
resources in a way that also suppdrntsirtoperational, social, and financial objectives;

9 Building Information Modeling (BIM) is one way airports can maintain information about
individual assets, and also see how each asset impacts the system as a whole, enabling a more
reliable overall operain;

1 O&M Ready is a way to integrate all aspects of asset management across business units and
stakeholders to render the full benefits of their asset management program; and

1 Lastly, airport organizations should try to keep sight of the fact that no mssetgement
program or tool can be successful without ensuring that people are onboard with the work process
changes that are required; executing successful change requires careful planning with plenty of
communication, training, and engagement of the Yovde.

108



CRP Project 043

As complicated as adopting these practices may appear at first blush, the airport industry is well
positioned to take advantage of the industry experience represented in these pages. It behooves the industry
to begin immediately, as the challengepresented by stiff economies, aging infrastructure, and unending
customer demands are not expected to fade.
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Glossary

A

Acquisition - The process by which the airport comes into possession and ownership of a fixed asset
(examples: purchase, donation, stvaction, eminent domain or foreclosure).

Acquisition Cost - Cost incurred in getting the product/service to the point of use (inbound freight,
sourcing, receiving, inspection, storage, etc.)

Adequate Facility/Structure/Space- A facility/structure/spacehat is fully capable of supporting its
current use without modification or repairs (beyond currently funded routine maintenance) and has an
acceptable level of reliability

Airport Asset Management Plans- describe the activities and investments in istinacture and assets
required to achieve and maintain service outcome standards in theasttbtbngterm, according to
the airportéos master pl an or strategic pl an
stakeholders.

Airport Cooperative Research Program (ACRP) - an industrydriven, applied research program that
develops neaterm, practical solutions to problems faced by airport operators.

Airport Property - All property owned by the Airport, whether purchased, leased, confiscated, donated
received by eminent domain, constructed or annexed. Airport property may include supplies, real
property, police property, capital assets and controlled items.

Airport Improvement Program (AIP) - provides grants to public agendeand, in some cases, to piiga
owners and entitiésfor the planning and development of puhlige airports that are included in the
National Plan of Integrated Airport Systems.

Airport Master Plan - is a concept of the loatgrm development of an airport. The plan displays this
concet graphically and documents the data and logic upon which the plan is based.

Alteration - Work required to adjust interior arrangement or other physical characteristics of an existing
facility/structure so that it may be more effectively adapted to bizedifor a new or changes use.

Annual Annuity - annual payments required to cover the cost of future planned investments.

Annual Plan - a document produced annually by an organization to inform stakeholders of its objectives,
intended activities, performae, income, and expenditure required for a period of one financial year. It
may also indicate anticipated future skiemm income and expenditure.

Area - The way the airport subdivides the airport campus into areas. The combination of campus
designatiorand area designation may define the general location of a facility.
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Area/Gross Square Footage (GSF)} A unit of measure representing the cumulative total of an
organizationds building(s) inclusive oetlasahel f | oc
sum of the floor areas on all levels of a building that are totally enclosed within the building. Measure
exterior building gross area to the outside face of exterior walls, disregarding canopies, cornices,
pilasters, balconies and buttresses$ &xaend beyond the wall face and courtyards that are enclosed by
walls but have no roof. The building exterior gross area of basement space includes the area measured
to the outside face of basement or foundation walls. Exterior bridges and tunnelsethatiably
enclosed, constructed areas connecting two or more buildings are included in building exterior gross
area. This measurement indicates total constructed space and is useful for building efficiency and
construction cost comparisons.

Asset-aniem of pl ant, equipment, or infrastructure th,
the fAisystemd can provide a service to a communi |
maintained, refurbished, replaced, or upgraded so thayshens provides an ongoing, minimum level
of service. An asset has a capital replacement value and is depreciated over its useful life. OR

A physical component of a facility which has value enables services to be provided and has an economic
life greater tlan 12 months. Dynamic assets have some moving parts, while passive assets have none.
OR

Capital investments maintained by the airportaos
typically refers to an asset as any item of physical plant or equiprh@ntsed to describe items such

as buildings, facilities, systems and components that are controlled by the airport and from which a
benefit is derived. For industry purposes these items are considered fixed assets deployed or intended to

be deployed inraoperational environment.

Asset Accounting- recording and tracking of asseflated incoming and outgoing cash flows.

Asset Group- a group of like assets (e.g., valves) or a group of assets that comprise a system (e.g., pump
system).

Asset Hierarchy - a framework of segmenting an asset base into appropriate classifications. The asset
hierarchy can be based on asset function, asset type, or a combination of the two.

Asset Life Cycle - The asselife cycleis the time span from when the asset is plases@rvice through its
eventual repl ac e me n tlife gycleisanarmged i€ depemtienton théd strategiessardt 6 s
goals of its management. These strategies normally include training, maximizing utility, preventive
maintenance, evaluation andhen use will stop.

Asset Management (AM) as defined by NAMS, a systematic approach to the procurement, maintenance,
operation, rehabilitation, and disposal of one or more assets. Asset management integrates the utilization
of assets and their perfornan with the business requirements of asset owners or users. Asset
management is all about the continuous alignment of asset performance to meet service delivery outputs
to deliver the desired outcomes. A management paradigm and a body of managemees phattis
applied to the entire portfolio of infrastructure assets at all levels of the organization, which seeks to
minimize the total cost of acquiring, operating
within an environment of limited reacces while continuously delivering the service levels customers
desire and regulators require at an acceptable level of business risk to the organization.

Asset Management (AM)- as defined by PAS 55 is systematic and coordinated activities and practices
through which an organization optimally and sustainably manages its assets and asset systems, their
associated performance, risks, and expenditures ovellifbaiycles for the purposes of achieving its
organizational strategic plan.
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Asset Management Information System (AMIS)- computerbased software system for collecting and
analyzing data, and extracting meaningful information on the performance of existing assets and their
operating costs to aid in asset management deaisaking. AMIS is often also referred to as an
organization asset management system (EAMS).

Asset Management Plan (AMP)- document that identifies the shognd longterm service delivery
requirements of the portfolio of assets belonging to an organization. Vidpsoa framework for
managing an asset, or group of assets, from within the asset portfolio.

Asset Management Policy sets the framework for the management of airport infrastructure and assets.
Most policies include

Organizational context and importanafeasset management,

Overall vision and goals of the organization and supporting asset management vision and goals,

Executive and key position roles and responsibilities, and

Audit and review procedures.

Asset Management Framework - system of processes, quedures, practices, support systems,
organizational roles and responsibilities, and policies used to enable sound management decisions for
the optimal management of physical assets.

Asset Management Strategy- strategy for asset management covering theeldpment and
implementation of plans and programs for asset creation, operation, maintenance,
rehabilitation/replacement, disposal, and performance monitoring to ensure that the desired levels of
service and other operational objectives are achievediatwp cost.

Asset Management Steering Committee committee of people that have come together within the
organization to design and build the asset management program. These people establish the program
and enforce the ideas and practices within the czgéon.

Asset Performance measurement of the achievement of predetermined outputs arising from the existence
and operation of assets using a range of performance targets that measure the individual and collective
contribution an asset makes toward sexdelivery and/or business outputs.

Asset Registry a record of asset information considered worthy of separate identification including
inventory, historical, financial, condition, construction, technical, and financial information about each.

Asset Rehablitation - work performed on an existing asset to ensure that its performance capacity and
capability meets its predetermined performance target. It does not refer to work that transforms the asset
to an fAas newodo condi t i osfloor&eering, milimg@ndaepaviog@sectam d r e
of road, all fall within this category.

Asset Renewal replacement or reconstruction of an existing asset with a new asset. The resultant asset is
transformed to an fdas ne wldingnewrcldssroomsar a hofpamarid i s hi n
fall within this category. Renewal is comprised of:

T Repair: normal periodic maintenance, minor in nature, anticipated in the normal operation of the asset;
no enhancement of capabilities;

T Refurbish/Rehabilitation: macement of a component part or parts or equivalent intervention
sufficient to return the asset to level of performance above minimum acceptable level; may include
minor enhancement of capabilities; typically funded out of capital budgets;

T Replace withouenhancement: substitution of an entire asset with a new or equivalent asset without
enhancement of capabilities; and

I Replace with enhancement: substitution of an entire asset with a new or equivalent asset with
enhanced capabilities.

Asset Replacement Cds full replacement costs associated with a given asset expressed in current dollars.
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Assignable Square Feet A term used to describe areas that may be occupied and is acceptable for a
designated purpose or function. It does not include walls, stairwaysdors, restrooms, parking
facilities, or mechanical space.

Attributes - a data item related to an asset.

B

Best Appropriate Practice- a method or technique that has shown results superior to those achieved with
other means and that is used as a benchmark (business dictionary).

Best Value- is about achieving the nearest possible match to your functional requirements for the best
price It is not about taking the lowest priced option. It is the optimum combination of whole life cost
and quality (or fitness for purpose) to meet the user's requirement.

Building Core and Service Area- Defined as the floor area of a facility, which is resagy for the
operation of the facility and is not available for general occupancy. This may include the following:
building lobbies, mechanical rooms, electrical rooms, telephone (communications) rooms, restrooms,
custodial rooms, loading docks and wjilitinnels that are not used for any other purpose.

Building Projections - A convector, baseboard heating unit, radiator, or other building element located in
the interior of a building adjacent to a wall that prevents the use of that space for fuegjtupeent,
circulation or other functions.

Business Improvement Plan plan produced by an organization that translates the objectives contained in
an annual plan or asset management plan into detailed work plans for a particular, or range of, business
adivities. Activities may include marketing, development, operations, management, personnel,
technology, and financial planning.

Business Risk Exposure (BRE} a metric to expresses risk. BRE is determined as the product of the
probability of failure and th consequence of failure.

C

Common Support Areas- Facility assignable area includes the area devoted to common support services.
Common support area is the portion of the facility usable area not attributed to any one occupant but
provides support for seval or all occupant groups. Examples of common support areas are: cafeterias,
vending areas, auditoriums, fitness facilities, building mailrooms and first aid rooms. These may be
separately identified as a sabtegory of facility assignable area if repuai.

Computerized Maintenance Management Systems (CMMS)act as a focal point of information systems
supporting best practice asset management.

Condition Assessment technical assessment of an asset based on a physical inspection, for the purpose
of deermining its condition and remaining useful life relative to a defined standard.

Consequence of Failure (CoF) the resultant consequence of an asset failure expressed in triple bottom
line (TBL) terms (social/community, economic, and environmental/reqylat

Construction - means all constructed facilities, buildings and infrastructure. A construction is defined as a
physical setting used to serve a specific purpose. A construction may be within a building, or a whole
building, or a building with its sitand surrounding environment; or it may be a constructed facility,
which is not a building, such as a bridge, road or railway for instance. The term encompasses both the
physical object and its use.
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Cost-Benefit Analysis- Analysis which quantifies in moteey terms as many of the costs and benefits of
a proposal as feasible, including items for which the market does not provide a satisfactory measure of
economic value

Critical Assets - assets for which the financial, business, or sefldgel consequencesf failure are
sufficiently severe to justify proactive inspection and rehabilitation. Critical assets have a lower
threshold for action than negritical assets. OR

Critical assets asset systems are assets and/or asset systems that are identifind e lgrelatest
potential to impact on the achievement of the organizational strategic plan

Current Replacement Cost- cost of replacing an existing asset with an appropriate modern equivalent
asset.
D

Decay Curve Development is the process by which assane to failure data records are analyzed to
develop a graph of the deterioration in asset condition time.

Decision Support Tools- used by asset managers to determine the best alternative among a set of feasible
alternatives. The alternatives may be potential solutions to a range of questions related to strategic
planning, airport devepment, outsourcing, and asset renewal or replacement.

Decommission- activities required to take an asset out of service.

Demand Capital Plan- describes the capital projects that have been identdidtie purposes of meeting
the predicted growth and demand requirements over the planning period.

Depreciated Replacement Cost replacement cost of an existing asset less an allowance for water or
consumption having regard for the remaining economiofifine existing asset.

Design Life- Service life intended by the designer.

Design Life Options- The design life is the service life intended by the designer or provided by the vendor
for an asset. The design life positively or negatively is impacteddgyrational and maintenance
activities and environmental conditions such as warm and cold weather. The user may increase or
decrease the design life for the asset based on their previous knowledge and experience with the asset
or by implementing maintena@best practices that increase the asset's service life.

Discounted Payback- Like the payback approach, except it considers the present value of cash flows.

Disposal- Activities necessary to dispose @abmmissioned assets.

E

Economic Failure - when the asset is no longer competitive with asset options that are available in the
market place for delivering the same or improved function.

Economic Life - period from the acquisition of the asset to the time when the asset, while physically able
to provide a service, ceases to be the lowest cost alternative to satisfy a particular need. The economic
life is at the maximum equal to the physical life busalescence will often ensure that the economic
life is less than the physical life.

Enterprise Asset Management Systems (EAMS) a maintenance management system that operates
across the organization to include the management of all physical assets owm=drggnization. OR
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Refers to the management of assets to the benefit of the organization as a whole and not limited to a
specific area such as a department, location or division. It includes the entire process of managing the
ai rportos atgtsléetcgcle fromrinitial glanoing, designed use, installation, training,
operations, maintenance and eventual replacement.

Equivalent Uniform Annual Cost (EUAC)d payment required to fund thiée cycle cost over the service
life of the asset.

Excluded Area - Fully enclosed spaces with adequate clear headroom that are not intended for, or are not
suitable for occupancy by people or equipment, but not spaces that are temporarily unusable due to
flood, fire damage, construction or renovation activity.

F

Facilites-A #Afacilityo is an installation of assets th
Asubsystemod can be cl -fneas. Ndniineadassets oceupyta hoeind spadeand ar o
can be modeled as part of a parelnitd hierarchy. Linear assets are continuous with linear properties.
Facilities are the nehinear installations of assets within a subsystem and underground structures like
pipes and valves are considered linear assets.

FAA - the federal aviation administrati of the United States.

Facility Assignable Area- Calculated by measuring the portions of the floor used to house personnel,
furniture, support areas and common support areas. Each assignable area is measured to the outside of
the enclosing wall or furtire panel except in the case where a wall or furniture panel is common to
more than one assignable area. In this case measurements are taken to the center of the wall or furniture
panel. This measurement is useful for detailed programming, planningtedgpaend layout of space.

Facility Condition Assessment (FCA) An inspection and assessment of facilities producing a complete
account of system and component deficiencies and a list of remediation scenarios. FCA results inform
maintenance and capit&mewal planning.

Facility Interior Gross Area - Defined as the building exterior minus the thickness of the exterior walls.

Facility Management- Primary function is to make sure buildings operate at maximum efficiency through
the optimal integration of gople, processes and technology. Includes HVAC, electrical, plumbing,
lighting, cleaning and security.

Facility Management Information System- The integration of several computer systems that are each
designed to perform a specific function. An exampleldde the integration of an electronic document
management system and a Computerized Maintenance Management System (CMMS) to manage
facilities and the associated information.

Facility Rentable Area - Calculated by subtracting major vertical penetrationtsyior parking space and
void areas from facility interior gross area.

Facility Usable Area- Calculated by subtracting the primary circulation and the building core and service
areas from the facility rentable area. It is area that can be assigrmedipaot groups. This measurement
is useful for programming, planning and allocating space.

Finished Surface- A wall, ceiling or floor surface (including glass) as prepared for tenant or occupant use.
Excluding the thickness of any special surfacing nitesuch as paneling, furring strips and carpet.
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G

GAP Analysis- assessment of the current level of practice in asset management. The gap is the difference
between current practices and the best appropriate practice for that organization. It is sorefdineel
to as a maturity assessment.

General Aviation Airports (GA) i airports are one of the two categories of civil aviation airports. GA
airports cater to all flights other than military and scheduled airline and regular cargo flights, both private
and commercial.

Geographic Information System (GIS)- a computer package that displays a map connected to a database.
The package can typically combine features, such as roads and sewers, from different maps and overlay
them on the same screen. To qualdyaaG1S, such systems should also be able to reference a computer
database for textual information, such as notes and dimensions, regarding features displayed on the map.

Impact Assessment generally involves evaluating data collected on the materthleergy inputs in
terms of their potential environmental impact

Infor EAMS - software used by organizations to keep track of their assets, understanding that they meet
environmental, compliance, and service requirements.

Infrastructure Assets - Stationay systems forming a network and serving whole communities, where the
system as a whole is intended to be maintained indefinitely at a particular level of service potential by
the continuing replacement and refurbishment of its components. The networkchaleinormally
recognized assets as components

Infrastructure Management - the discipline of managing infrastructure assets that underpin an economy,
such as roads, water supply, wastewater, storm water, power supply, flood management, recreational
and oher assets.

Intergenerational Equity - ensuring that future generations are not burdened with the cost of the
consumption of infrastructure by the current generations.

Internal Rate of Return (IRR) - A technique that equates the discounted cash flows drpnoject to an
interest rate, the IRR.

International Infrastructure Management Manual (IIMM) - manual produced to give an understanding
of asset management practices.

Interstitial Area - The area of loathearing surfaces, located above or below occupied building floors that
are not available for general occupancy due to inadequate clear headroom, but may contain building
mechanical or electrical systems predominantly serving adjacamsflor provide access to such
systems.

Inventory - In accounting terms, inventory is a record of current assets, which includes property and
equipment owned (counting parts in stock, value of work in progress, and work completed but not sold).
In mainterance terms it is frequently used to describe the list of equipment and spare parts currently
held in stock.

Inventory Analysis - involves the collection of data about the products or services being investigated, and
guantification of relevant material aetergy inputs and outputs.

Inventory Management- The process by which inventory is controlled. Typically, this includes tracking
usage of stock items, Optimization of stock levels and Control of costs.

118



CRP Project 043

ISO (International Organization for Standards) - organization known for producing and publishing
international standards for all subject areas in the world. This organization forms a network between
both the public and private sectors as it is not a government organization.

K

Key Performance Indicator (KPI) - quantitative or qualitative indicator of the quality of service,
efficiency, productivity, or cost effectiveness of an agency, program, or activity that enables a
comparison to be made for management purposes of performance against a standard targettor n
may be a quantitative measure or qualitative indicator of performance.

L

Large Hub Airport - commercial service airports that have at least more than 10,000 passenger boardings
each year and 1 percent or more of total passenger boardings witbimitie States in the most current
calendar year ending before the start of the current fiscal year.

Level of Service- level of asset service determined by both the quality and the quantity of services provided
by an asset under consideration. OR

The defned service quality for a particular activity or service area against which service performance
may be measured. Service levels usually relate to quality, quantity, reliability, responsiveness,
environmental acceptability and cost.

Life Cycle - is the life of a project/product/system for its conception through to end of life,
decommissioning or disposal.

Life Cycle Assessment (LCA} is a systematic set of procedures for compiling and examining the inputs
and outputs of materials and energy and the assdc@tvironmental impacts directly attributable to
the functioning of a product or service system througholifétsycle.

Life Cycle Costing- sum of all recurring and onetime costs over the full lifespan or a specified period of
an asset under considgoa.

Life Cycle Cost Analysis- Any technique which allows assessment of a given solution, or choice from
among alternative solutions, on the basis of all relevant economic consequences over the service life of
an asset.

Life Cycle Process cycle of actities that an asset goes through while retaining an identity as a particular
asset.

M

Maintenance Managed Item (MMI) - MMI level is that level for maintenance detail elected for the
organization asset register. The MMI could be a whole building in sostensy, whereas in more
sophisticated systems it could be a shaft beading on an electric motor. Best Appropriate Practice requires
that the level of detail in the asset register should allow for the recording of data down to the MMI level.

MMI referstothd owest | evel of an assetébés physical stru
register where the registry is structured as a nested hierarchy of physical assets. Typically, an MMI is

set at that level of the hierarchy at which an asset is indillid maintained or at which management
decisions to repair, renew, or replace are made.

Maintenance Management method of allocating resources to accomplish predetermined levels of service
through planning, budgeting, scheduling, executing, and rep@nticthgeviewing maintenance strategies
and tactics.
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Major Vertical Penetrations - Includes stairs, elevator shafts, utility tunnels, flues, pipe shafts, vertical
ducts and their enclosing walls.

Management Strategies the operations, maintenance, and capital investment strategies determined for
the planning period. This may include changes to maintenance strategies to implement more proactive
maintenance, or could include changes to emergency response plans far epeais.

Management Strategy Group (MSG)- assets of similar type that are managed and maintained in a similar
way and have similar patterns of decay.

Management System system to establish policy and objectives and to achieve those objectives.atlote th
the management system of an organization can include a range of subsets that collectively constitute the
whole. These subsets usually include the following:

Quality management system,

Human resource management system,

Fiscal management system,

Assetmanagement system,

Information management system, and

Environmental management system.

Manager, Asset Management Servicegposition within an organization that has the responsibility for the
management of the Asset Ma n a geeigrileerimiplenseatationiottiees T e ar
corporationbés asset management i mprovement pl an.

Master Planning-pr ocess of orderly planning of systemds f
present and future needs andllitks.recti on for devel

Maturity Assessment- evaluation of the degree to which an organization uses recognized best practices
and the availability of information required to plan for, and implement, improvements. The ultimate
value of maturity assessment can only beizedlin the context of an overall process improvement and
organizational change program.

Maximum Potential Life (MPL) -t he maxi mum | ength of time of an as
number of rehabilitations possible to extend asset life) up tdwditicer the end of physical life, service
life, or economic life (whichever occurs first) dictates that the asset be replaced, given the following
definitions:

I End of physical life: when an asset physically stops working, collapses, or is otherwise

nonopeational;
i End of service life: when an asset can no longer deliver what customers or regulators require it to
deliver (e.g., Acustomer outrageo); and

T End of economic life: when an asset ceases to be the lowest cost alternative to satisfy a specified level
of performance or service at an acceptable level of risk. Also, the time at which disposal or
replacement of the asset results in the greatest cumulative production from the asset per cumulative
doll ar cost (or the fAlongprodomctowesd wheragéduaood
for |inear water pipe assets is favailability o

Multicriteria Analysis (MCA) - is evaluation by establishing preferences between options by reference to
an explicit set of objectives that the @#en making body has identified, and for which it has established
measurable criteria to assess the extent to which the objectives have been achieved.

N

Net Present Worth (NPW) - the Net Present Value (NPV) or NPW of a time series of cash flows both
incoming and outgoing, is defined as the sum of the present values (PVs) of the individual cash flows.
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Net Present Value (NPV)- A technique that discounts savings from the project and compares the
discounted values to the investment required OR

is the sum ofthe discounted benefit of an option less the sum of the discounted costs. It represents
therefore a single figure, which takes account of all relevant future incomes and expenditures for that
option over the period of analysis.

Non-Hub Airport - commercialservice airports that have at least more than 10,000 passenger boardings
each year but less than 0.05 percent of total passenger boardings within the United States in the most
current calendar year ending before the start of the current fiscal year.

@)

Operations and Maintenance- activities related to the performance of routine, preventative, predictive,
scheduled, and unscheduled actions aimed at preventing asset failure or decline with the goal of
increasing efficiency, reliability, and safety.

Optimized Decision Making - An optimization process for considering and prioritizing all options to
rectify existing or potential performance failures of assets.

Option Evaluation - is the process of considering different options in relation to how they performstiga
chosen criteria for evaluation.

Organizational Change- a process of change in an organization as a result of change in business processes,
organizational structure, or culture within an organization.

Organizational Strategic Plan- overall longterm plan for the organization that is derived from, and
embodies, its vision, mission, values, business policies, stakeholder requirements, objectives, and the
management of its risks.

P

PAS 55 2008 (Publically Available Specificatior) standards being used as the basis for development of
an ISO standard, which are supported by American National Standards Institute and the International
Infrastructure Management Manual.

Passenger Facility Charges (PFC) a fee imposed by a facility owen, as an airport or those using the
facility; typically added to the cost of a fare.

Payback- a technique that looks at how long it takes to recoup initial investment/outlay.

Performance Indicator - A qualitative or quantitative measure of service ovégtused to compare actual
outcome against a standard or other target. Performance measures commonly relate aspects such as
safety, responsiveness, cost, comfort, asset performance, reliability, and sustainability.

Performance Management Framework- the component of the asset management system that monitors
and manages performance from a strategic, whole of government, down to asset level performance. The
performance management framework links performance goals, through appropriate performance
measures, ot activities for monitoring performance and actions to improve performance where
monitoring indicates a need.

Performance Monitoring - Continuous or periodic quantitative and qualitative assessments of the actual
performance compared with specific objeesytargets or standards.
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Physical Effective Life (PEL) - the length of time (with no rehabilitations to extend life) from when an
asset is commissioned and put in service until it physically stops working, collapses, or is otherwise
non-operational. Foraasset that cannot be rehabilitated, the PEL is equal to the maximum potential
life (MPL).

Plan - Asset Strategic Plan (ASP} this plan (developed at the asset level) along with the asset portfolio
strategic plan are the only organizational strategio®ldn the areas of acquisition/refurbishment,
operations, maintenance, and disposal, proposed annual programs are developttnishgtegies
addressing all proposed asbfet cycle issues and objectives are fundamental to the ASP. The ASP is
irodupé&din summary format to form the portfolio
planner to prioritize performance improvement initiatives, and to-lewgbeaks in planned expenditure.

It simply provides a big picture overview of the assetfpbo.

Primary Circulation - Defined as the portion of a building that is a public corridor or lobby. Further
defined as space required for access by all occupants on a floor to stairs, elevators, restrooms and
building entrances or tenant space entmtsoon multitenant floors.

Preventative Maintenance- a schedule of planned maintenance actions aimed at the prevention of
breakdowns and failures.

Probability of Failure (PoF)-t he Al i kel i hoodd that an asseote. will
The PoF for this asset management plan is expressed as a score between 1 and 10 determined using a
direct relationship between condition and probability.

Procurement- Procurement refers to the activities required to obtain goods and services fr@rsuft
is needed to ensure that purchases are made at reasonable prices and from reputable suppliers. It is
particularly important for the procurement group to focus on obtaining materials and services that are in
short supply, and which could interéewith the operations of the business.

Public Private Partnerships (PPPs)- are relationships formed between the private sector and public
bodies for introducing private sector resources and/or expertise in order to deliver public sector assets
and service. This involves a lonterm contractual arrangement lasting typically for 25 to 30 years
between a public body and a private sector provider, where resources and risk are shared. PPPs can
include different working arrangements from loose, informal aradegjic partnerships to design build
financeoperate (DBFO) type service contracts and formal joint venture companies. PPP is primarily
based on the Private Finance Initiative, which was introduced in 1992 in the UK.

Purchase Requisitior+ A written requesthat is issued internally to the purchasing department to purchase
items, materials, or services

R

Rate of Depreciation- accounting practice that aims to distribute the cost or other basic value of a tangible
asset less salvage value, if any, over thienesed useful life of the assets in a systematic manner.

Rehabilitation - project to rebuild or replace parts or components of an asset to restore it to a required
functional condition and extend its life, which may incorporate some modification. Ggnamadiives
repairing the asset to deliver it to original level of service without resorting to significant upgrading or
renewal, using available techniques and standards.

Reliability - probability that a system performs a specified function or missioarwgiden conditions for
a prescribed time.

Remaining Life - time remaining until an asset ceases to provide the required service level or economic
usefulness.
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Renewal- project to upgrade, refurbish, or replace existing assets with assets of equivadeity cap
performance capability.

Repair - action to restore an item to its previous condition after failure or damage.

Replacement- complete replacement of an asset that has reached the end of its asset life, so as to provide
a similar or agreed alterna#i, level of service.

Replacement Cost cost of replacing an existing asset with a substantially identical new asset in current
dollars.

Requisition - A request for an asset, item, tool, or service. The requested entity can be procured from a
vendor, orti can be acquired by an intdepartmental transfer.

Residual Life - time left until failure; particularly important for managing higbst and high risk assets.

Residual Value- The net market or recoverable value which would be realized from dispcmalasket
or facility at the end of its life.

Return on Assets (ROA)- A ratio that considers annual average savings, compared to change in assets
required.

Return on Investment (ROI) - A ratio that considers average annual savings, compared to initial
investment value.

Risk - is the likelihood of a specific outcome, at some time in the future, combined with consequences that
will follow in a particular context. Usually the outcome is defined as an unwanted event, but it could be
an unintended benefit, which is an opportutityadd value.

Risk Assessment process of establishing information regarding acceptable levels of a risk and/or levels
of risk for an individual, group, society, or the environment. OR

is a technique for identifying targets of importance to a businestharconstruction, which enables an
estimation to be made of both likelihood and consequences of failure to meet them.

Risk Cost- The assessed annual benefit or cost relating to the consequence of an event. Risk cost equals
the costs relating to the ewenultiplied by the probability of the event occurring.

Risk Exposure- extent of risk faced by an organization that is expressed in terms of a numerical Formula
representing the product of the likelihood and impact of a loss.

Risk Profile - describes howisk exposure is evaluated and identifies at risk assets.

Risk Management- is the systematic process of identifying and managing risks and opportunities for a
project or business. OR

is a structured approach to identifying, assessing and controllirgtniakemerge during the course of
the policy*, program* or projecttife cycle. OR

The systematic application of policies, procedures, methods and practices to the tasks of identifying,
analyzing, evaluating, treating and monitoring risk. OR

The applicathn of a formal process to the range of possible values relating to key factors associated
with risk in order to determine the resultant ranges of outcomes and their probability of occurrence.

S

Service Life-is the period of time after installation durimpich a building*, or its parts*, meets or exceeds
the performance requirements.
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Service Life Planning- Service life planning, also known as service life design, is the preparation of the
brief and design for the building* and its parts* to achieve #srdd design life.

Service Potential- The total future service capacity of an asset. It is normally determined by reference to
the operating capacity and economic life of an asset.

Small Hub Airport - commercial service airports that have more than I0paBsengers boardings each
year and at least 0.05 percent of total passenger boardings within the United States in the most current
calendar year ending before the start of the current fiscal year, but less than 0.25 percent.

Space Planning- Space Planng is the process of analyzing current and future requirements relative to
physical assets (i.e., type, condition, size, capacity, with respect to their ability to support and advance
programs and activities at a level deemed appropriate by approprités paconcert with associated
regulations, codes, mandates, and acceptable levels of performance). Space planning typically involves
identifying each distinct type of activity covered by the program and defining the appropriate values
relative to size, @pacity, utilization rates, etc.

Stakeholders-ar e al | members of society who have an inte
or the impact of its activities. We are all stakeholders, and there are many ways in which we experience
our stakehaler status, for instance as:

General public,

Employees ossite and offsite,

Travelers,

By-standers affected by activities around us.

Strategic Plan- A plan containing the lonterm goals and strategies of an organization. Strategic plans
have a strong d&rnal focus, covering major portions of the organization and identify major targets,
actions and resource allocations relating to the-tenm survival, value and growth of the organization.

Suppliers - are construction providers and they include desgnsnsultants, building contractors and
manufacturers of components.

T

Terminal Area Forecast - official forecast of aviation activity at FAA facilities; prepared to meet the
budget and planning needs of FAA and provide information for use by statecah@uthorities, the
aviation industry, and the public.

Total Cost Analysis- A technique used to develop a total cost for a purchased item/service, including
purchase price, paperwork, quality costs, and so on.

Total Cost of Ownership (TCO)- TCO is a phrase that is used to describe all costs associated with the
acquisition, use, and maintenance of a good or service OR

is a purchasing tool and philosophy which is aimed at understanding the true cost of buying a particular
good or service fnm a particular supplier.

Triple Bottomline - triple bottomline accounting refers to expanding the traditional reporting framework
to take into account ecological and social factors in addition to financial factors.

U

Utilization Rate - An indicator usedad determine how efficiently available space is being used. Usually
time-based in terms of month, quarter or year. (Utilization Rate = Occupied Space/Facility Usable Area)
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\%

Value - is the final output value from a business or personal activity, whichtsdsumn a business process,
such as manufacturing a product or delivering a service, or a personal activity such as running a home.
It has three essential characteristics:

T Value can only be defined by the ultimate customer or user.

T Value is created by tharovider.

i From the customerés point of view, providers ex
Value Analysis- A technique used to analyze the functional requirements of a given item in order to

achieve the lowest costs given the performance needs

Value Engineeiing - A technique used to analyze the functionality of the design and manufacturing
techniques for a given item OR

is incorporated into VM as a systematic approach to delivering the required functions at lowest cost
without detriment to quality, performamand reliability. (CIRIA SP129). BS EN 12973: 2000 also
defines VE as the term sometimes used for the application of value analysis to a new product which is
being developed.

Value Management (VM)- is a structured approach to defining what value meaaglient in meeting a
perceived need by establishing a clear consensus about the project objectives and how they can be
achieved. (CIRIA SP129). BS EN 12973: 2000 al so
dedicated to motivating people, déyging skills and promoting synergies and innovation, with the aim
of maximizing the overal!l performance of an orga
on a valuebased organizational culture taking into account value for both stakehaigkcaistomers.
At the operational level (project oriented activities) it implies, in addition, the use of appropriate methods
and tools.

w

Whole Life Cycle Cost (WLC) - is an economic assessment considering all agreed projected significant
and relevant caglows over a period of analysis expressed in monetary value. The projected costs are
those needed to achieve defined levels of performance, including reliability, safety and availability.

Whole Life Costs- are the costs of all the items/activities thaed to be considered in a WLC exercise.

Whole Life Value (WLV) -WLV of an asset represents the optimum
needs and requirements, and whole life costs. OR

Thebenefits and costs associated with a built asset ovehdateuife taking account of the interests of

all stakeholders affected by its construction and existence and its wider economic, social and
environmental impact. There will be tradffs between the various shaerm project constraints (such
astime,cass and quality) and t hederntimarektt dandabjectivesn st ak e h.

Workstation - Defined as any type of space designated for occupant usage (either open or enclosed area),
where an occupant can be seated.
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Abbreviations, Acronyms, Initialisms, and
Symbols

ACRP
AMMS
APTS
ATL
BIM
CAPEX
CH2M
CIPS
CMMS
DAS
EAM
EBI
EPA
FAA
GA
GTAA
HSE
HVAC
IFC
ISO

KPI
LEED

Airport Cooperative Research Program

airport maintenance management system
Airport Planning and Technical Services
HartsfieldJackson Atlanta International Airport
building Information Modeling

capital expenditures

CH2MHILL

Chartered Institute of Procurement and Supply
computerized maintenance management system
direct attached storage

Enterprise Asset Management
Honeywell 6s Organization Buildings
United States Environmental Protection Agency
Federal Aviation Administration

general aviation

Greater Toront@irports Authority

health, safety, and environment

heating, ventilation, and air conditioning
Industry Foundation Class

International Organization for Standardization
information technology

key performance indicator

Leadership in Energy and Environmental Design
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MRO
MSDGC
NAS
NR
O&M
O&M Ready
OPEX
PAS
PHX
PIP
PPP
RCM
RFP
RMP
ROI
SAN
SAP
TCAT
TCO
UK
VALE
VERO
WLC
WLV
WWT
YYZ

maintenance, repair, and operation

Metropolitan Sewer District of Greater Cincinnati

network attached storage

Network Rail

operations and maintenance
operation and maintenance readiness
operational expenditures

Publically Available Specification
Phoenix Sky Harbor International Airport
Procurementmprovement Program
public private partnership

resource conservation measure
request for proposals

Resource Management Program
return on investment

storage area network

systems, applications, and products

testing commidening, acceptance, and turnover

total cost of ownership

United Kingdom

Voluntary Airport Low Emissions

Visual Energy & Resource Optimization
wholelife cycle cost

whole life value

wastewater treatment

Toronto-Pearson Ir@rnational, Canada
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APPENDIX A

GTAA Bid Package Example

\J
/\

GTAA

Greater Toronto Airports Authority

COMPLETE REQUEST FOR TENDER PACKAGE
TO BE RETAINED BY OFFERER

NUMBER: 2043086
FOR:
MAINTENANCE AND REPAIR SERVICES OF
ELEVATORS, ESCALATORS, AND MOVING
WALKS

AT TORONTO PEARSON INTERNATIONAL
AIRPORT

Closing Date and Time:

November 30, 2015
3:00PM TORONTO TIME

Toronto Pearson International Airport

Al-1

CRP Project 043



CRP Project 043

Al-2



