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Foreword
It is no secret that a focused, well-defined sustainability strategy is beneficial to an organization's
bottom line, whether it is a federal, private-sector, military or nonprofit entity. Sustainable
practices are not only the right thing to do for the environment; they also benefit the communities
in which they are implemented. Sustainability is the business implementation of environmental
responsibility.
Sustainability is all around us. Federal, state and local governments are increasingly applying
regulatory constraints on design, construction and facility operations standards. Employees
expect their employers to act responsibly, and vice versa. Going green is no longer a fad or a
trend, but a course of action for individuals and businesses alike - benefiting the triple bottom
line of people, planet and profit.
Today's facility manager needs to be able to clearly communicate the benefits and positive
economic impact of sustainability and energy-efficient practices, not only to the public, but also
to the C-suite. While there is a dramatic need for each of us - and our organizations - to care
for the environment, it is just as important that we convey to executives and stakeholders how
these initiatives can benefit our company's financial success.
The document in your hands is the result of a partnership between the IFMA Foundation and
IFMA, through its Environmental Stewardship, Utilities & Sustainability Strategic Advisory Group,
each working to fulfill the shared goal of furthering sustainability knowledge. Conducting
research like this provides both IFMA and the foundation with great insight into what each can
do as an organization to assist the facility management community at large.
It is my hope that you, as a facility professional, will join us in our mission of furthering sustainable
practices. This resource is a good place to start.

Tony Keane, CAE
President and CEO
International Facility Management Association
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IFMA Environmental Stewardship, Utilities and
Sustainability Strategic Advisory Group
I.

Purpose
The Environmental Stewardship, Utilities and Sustainability Strategic Advisory Group (ESS ESUS) serves as an advisory
resource for the integration of the ESS core competency into the practice of facility management. The ESUS SAG is
responsible for the production of IFMA’s Sustainability How-to Guide series.

II.

Direction and Authority
The IFMA Board of Directors authorizes the ESUS SAG, within the parameters of its role and responsibilities, to act in
an advisory role to the board and the ESUS community in the integration of ESUS into the core competencies of the
association.

III.

Role and Responsibilities
Environmental stewardship and sustainability is a strategic theme and core competency of facility management that
touches every aspect of the association. The primary responsibility of the ESUS SAG is to further the development of
the ESUS competency area by acting in an advisory capacity with respect to the policies and strategies that pertain to
IFMA’s performance as a sustainable organization, development of the ESUS topical area within IFMA’s Online
Community and input on the development of ESUS as a core competency.

IV.

Membership
SAG members include:* Bill Conley, IFMA Fellow, CFM, SFP, FMP, LEED AP; Laurie Gilmer, P.E., CFM, SFP, LEED AP;
Christopher Laughman, CFM, SFP, LEED AP O+M; Sheila Sheridan, IFMA Fellow, RCFM, LEED AP; Eric Teicholz, IFMA
Fellow (ESUS SAG chair); Jenny M. Yeung, CFM, CEnv.
*as of April 2016
The general objectives of the How-to Guides series are:
1. To provide data associated with a wide range of subjects related to sustainability, energy savings and the
built environment;
2. To provide practical information associated with how to implement the steps being recommended;
3. To present a business case and return-on-investment analysis wherever possible, justifying each green
initiative being discussed;
4. To provide information on how to sell management on the implementation of the sustainability technology
under discussion;
5. To provide case studies of successful examples of implementing each green initiative;
6. To provide references and additional resources (e.g., websites, articles, glossary) where readers can go for
additional information; and
7. To work with other associations for the purpose of sharing and promoting sustainability content.
The guides are reviewed by an editorial board, an advisory board and, in most cases, by invited external reviewers.
Once the guides are completed, they are distributed for free online by IFMA and the IFMA Foundation.
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IFMA Foundation
1 E. Greenway Plaza, Suite 1100
Houston, TX 77046-0194
Phone: 713-623-4362
http://foundation.ifma.org
The IFMA Foundation originated the Sustainability How-to Guide series. The ESUS SAG took over production of the
guides in 2014.
The mission of the IFMA Foundation is to promote and support scholarships, educational and research opportunities
for the advancement of facility management worldwide. Established in 1990 as a nonprofit, 501(c)(3) corporation, the
IFMA Foundation is supported by the generosity of a community of individuals- IFMA members, chapters, councils,
corporate sponsors and private contributors- and is proud to be an instrument of information and opportunities for
the profession and its representatives.
A separate entity from IFMA, the IFMA Foundation receives no funding from annual membership dues to carry out
its mission. Supported by the generosity of the FM community, the IFMA Foundation provides education, research
and scholarships for the benefit of FM professionals and students. Foundation contributors share the belief that
education and research improve the FM profession.

2014 IFMA Foundation Sponsors
Major benefactors
 East Bay Chapter of IFMA New York Chapter of IFMA
Platinum sponsor
 A & A Maintenance

Global workplace workforce initiative underwriter
 Manhattan Software, a Trimble Company

Gold sponsors
 ARAMARK
 Atlanta Chapter of IFMA
 AquaTech Water Management
 Corporate Facilities Council of IFMA
 Capital Chapter of IFMA § Milliken
 Steelcase
Silver sponsors
 Denver Chapter of IFMA § San Francisco Chapter of IFMA
Bronze sponsors
 Boston Chapter of IFMA § Charlotte Chapter of IFMA
 Corporate Real Estate Council of IFMA
 CORT
 ICS-Innovative Cleaning Services  Los Angeles Chapter of IFMA
 Philadelphia Chapter of IFMA
 San Fernando Valley Chapter of IFMA
 Suncoast Chapter of IFMA
 Utah Chapter of IFMA
Friends of the foundation
 City and County Clubs Council of IFMA
 Nashville Chapter of IFMA

 Greater Phoenix Chapter of IFMA
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Part 1 - Executive Summary
Facility Management is a profession that evolved over the last three decades, from what started
as a reactive, trial by error enterprise to becoming a well-established contributor to the business
it supports. As experience and maturity has ripened the talents of facility managers and the
integration of new technologies has re-defined management techniques and capabilities, Facility
Management can now be viewed as a pro-active, far-seeing force that will assist in sustaining an
organization for long-term success.
However, in order to project future assumptions and drive strategic initiatives, no professional
can look ahead without understanding the past and knowing their current situation. Measuring
and monitoring facility performance is of utmost importance.
This guide will outline the ways, means, and needs of collecting and analyzing information
regarding the performance of facility systems or components of these systems. It will discuss
investigating and documenting processes within organizations, and studying operation
processes and parameters to ensure that results and conditions are proceeding to the maximum
benefit of the organization.
Facility Management is in a transition from those professionals who have learned through
experimentation and have set the baseline for the industry to those who inherit the policies and
procedures that developed through these processes. Data captured through a Measuring and
Monitoring process will provide the mechanism to facilitate the transfer of facility management
responsibilities and its’ supporting practices to new entries into the profession; it will serve as a
Rosetta Stone to translate concepts into tangible realities.
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Part 2 - Introduction
The terms “measure” and “monitor” probably evoke more negative than positive connotations.
They are associated with work responsibilities dealing with discipline, control and accountability.
However, properly designed and implemented, a measuring and monitoring program can be
encouraging, motivating and rewarding. It can show process improvement if systems aren't
running optimally or it can highlight positive results, efficiency and cost savings if everything is
running smoothly. The key, though, is that a process is created, developed, implemented and
maintained. A facility professional needs to be able to track both operations and stakeholder
satisfaction in the workplace as well as plan for a future that will involve comprehensive
sustainability reporting.
The critical success factors for a facility manager revolve around having satisfied customers, creating positive visibility to upper management, and providing measurable and measured results in
operations. Facility operations and projects should be planned and implemented so that they
coincide with business issues and will always contribute to the bottom line, either directly or
indirectly. Measuring and monitoring will highlight needs and point to solutions for continual
effectiveness. Cost of ownership must be taken into consideration and attention must be paid to
life cycle cost and life cycle assessment criteria. Every tool available to save money must be
considered, reflecting constant efficiency improvements and consistent cost savings.
It's an old adage that you can't manage what you don't measure. Time and experience have
repeatedly proven the veracity of that statement. It also follows that you can't improve what you
aren't monitoring. To measure is to gauge, to monitor is to observe. The actions go hand in hand.
Performance measurement is defined by quantifying the efficiency and effectiveness of past
actions. It is part of the process of evaluating how well operations are managed and the value
they deliver for customers and other stakeholders. A good measurement & monitoring system
starts with basic data with appropriate levels of tracking and documentation in place.
Setting up a Measurement & Monitoring program follows the classic management model. Plans,
policies, procedures and standards must be established, supported by set priorities and
schedules. This entails planning and organizing; staffing and directing that personnel; and then
controlling processes, monitoring and evaluating status and improving where possible.
Success in these activities relies on management guidance that priorities are set and that staff is
able to adhere to them while being able to follow a schedule. Everyone must understand the
criticality of metrics and Key Performance Indicators (KPIs) in reference to past performance
history, current performance status and through continual condition assessment, i.e. monitoring.
This monitoring function consists of checking indicators regularly and watching for purposes of
control. The object is to observe and regulate with detection criteria in place with all activities
being documented.
In true FM fashion, the effect of any action must also be considered as a part of the whole. There
are always ramifications of what is done and how particular services are integrated within a
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holistic view of operations. Operations and maintenance practices should utilize standards, be
proactive and reflect strategic thinking. Facility professionals have a fiduciary responsibility to
supply optimum efforts and solutions that will benefit both the company and its employees.
Good performance is the criterion whereby an organization determines its capability to prevail.
Performance measurement estimates the parameters under which programs, investments, and
acquisitions are reaching the targeted results.
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Part 3 - Detailed Findings
3.1 Background
What started out to be a guide on Energy developed into a much more comprehensive approach
to measuring and monitoring processes, operations, and performance throughout the FM realm.
The Measuring, Monitoring & Reporting (MM&R) Task Group of IFMA's Sustainability Committee
realized that understanding facility performance reached far beyond energy consumption. This
How-To guide has been designed to assist FMs in understand how to set up a Measuring &
Monitoring program, what activities and responsibilities need attention, and how to improve
efficiencies and performance throughout an FM organization.

3.2 Measuring & Monitoring
Performance measurements are carried out in the design, building, operation and maintenance
of systems. In design, performance measurement can be of physical properties, parameters, and
if systems are operating as designed, which can be assessed through Commissioning.
Maintenance, repair, and operations are judged by failures, downtime, uptime, and
maintainability. Customer and stakeholder satisfaction, in conjunction with cost savings and
contributions to the bottom line, are just as integral to the success of a facility department.
The guide is a description of the components of a Measuring and Monitoring (M&M) process
and how they fit together so that an individual or organization can put together a strategy for
measuring and monitoring. Concentration should be placed on consistency and continual
improvement for optimum results and in preparation for the time when outside reporting will be
required. This is a guide for people needing guidance on how to put together a MM&R strategy
and program.
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Part 4 - Measuring
4.1 Aspects
Sustainability initiatives are focused activities that respond to an organization’s specific need to
address their sustainability objectives. All initiatives have a definition, a series of actions taken,
results or outputs, and finally some form of validation. Three of the key elements that underpin
the sustainability program’s overall success are measuring, monitoring and reporting
(MM&R). Although the information specifics are unique to each program, all MM&R activities
must be documented, repeatable, and focused on the sustainability aspects for the
organization. There are international and local standards for creating comparable measures and
results. A structured program management methodology is best suited for managing all the
aspects involved. Measuring and Monitoring programs, once started, must become a consistent
and continuous effort. Half-measures or lack of focus will invalidate the long term goals of such
a program.

4.2 Responsibility
Such detailed and structured approached requires both a formal information management
system and a clearly defined set of organizational responsibilities for gathering, analyzing and
storing the relevant information so the MM&R activities can be properly performed. The
assigned individuals should have some formal training on sustainability and its application to the
organization’s sustainability objectives. Typically, an organization will have representatives from
Finance, Legal, Environmental Health & Safety, Operations and Facility Management working
together on the MM&R program.

4.3 Why Measure & Monitor
4.3.1 Reporting
A logical output of the measuring & monitoring process is the ability to create reports to publicize
efforts and successes. There is no substitute for case studies, trial & error, and reporting; relating
experiences and learning from them is a key to creating best practices.
It is a reiterative process, as reports generated from measuring and monitoring efforts lead to
improved sustainable development outcomes, which then allows organizations or facilities to
verify, track and improve their performance on specific issues. Facilities are much more likely to
effectively manage an issue that they have measured. When a company is forced to look at and
report on the resources it consumes, the wastes it creates, the human capital it uses and develops,
the way it manages risk and the communities it helps or disrupts, reporting has the potential to
be a mechanism for not just articulating actions more clearly, but also for spurring them.
In any facility plan, measurement, verification and documentation should be an ongoing practice
in operations, and sustainability a part of the reporting protocol. It will show value in facility efforts
while helping to identify opportunities for energy and water efficiency. It will guide in identifying
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risks while offering the potential to lower facility costs, and provide standards for material
purchasing, waste minimization and reuse.
Measurements, metrics and projections can be utilized in preparing strategic plans. Whatever
perspective is used, though, reporting supports the tracking, documentation and continuation of
good sustainable practices. Assuming that a facility has implemented studies and measures to
become green, then it is only common sense to both document the steps taken and to monitor
and continually measure how those practices are progressing.
The tracking efforts and the preparation of reports will lead to a better awareness of the state of
the facility. It will provide the ability to enhance operations and to share this information
internally, within the profession and/or globally.
A sustainability reporting structure will allow all vested parties the ability to know and understand
progress the organization has made environmentally. It helps bridge any gap that exists
regarding corporate governance. Sustainability reporting also promotes transparency and
accountability. Performance can be monitored periodically and annually and can be compared
to other similar organizations.
Typically, in countries with an Anglo-Saxon legal tradition, such as in the United States, Canada,
the United Kingdom and Australia, business is based on shareholder value. Simplistically put, this
means it exists to satisfy those entities external to the organization that invested in it. In Germanic
countries and Japan, the focus is more on stakeholder value. Stakeholders are the employees,
customers and suppliers of the organization and their needs are taken into account in top
management decisions. Support of business partners and job security for employees are main
corporate objectives. Measuring, monitoring and documenting sustainable efforts and then
reporting that progress goes a long way in establishing an organization's credibility and viability.
Reporting is destined to play a much larger role in an organization's future; tools should be in
place to enable a comprehensive compilation of data for such development.

4.3.2 Reductions in Consumption
The thought behind measuring and monitoring is to save resources and save money. Using an
old adage in this context, if you don't know what is being used in a facility (nor how), there will
be no way to eliminate waste and save money. Acknowledging and understanding operational
efficiency, or the lack thereof, is key to contributing to an organization's success and creating
more positive visibility for sustainable actions.
There are tools available to help measure and monitor building operations and facility
performance. The Environmental Protection Agency (EPA) maintains the Energy Star program,
whereby building energy usage is assessed in a comparison with like buildings in the region. This
exercise will provide invaluable information regarding the operation of a building. IFMA provides
the Benchmarking Exchange Program (BEX) for comparison data on buildings. Regardless of the
process that is implemented, it is imperative that one is, as the only way to reduce waste is to
recognize it.
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4.3.3 Greenhouse Gas Emissions
Greenhouse gases (GHG) trap heat in the atmosphere. In the last 150 years, human activities
such as burning fossil fuels for electricity, heat, and transportation are the biggest causes of the
increment of these gases. The primary sources of greenhouses gas emissions in industrialized
nations are Electricity, Transportation, Industry, Commercial and Residential, Agriculture, and
Land Use and Forestry. The main greenhouse gases in the atmosphere that are caused by human
activities are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and fluorinated gases.
The increase of these gases in the atmosphere is contributing to the rise of the Earth’s
temperature, which depends on the balance between the energy entering and leaving the
planet’s system. In fact, when the sunlight reaches the Earth’s surface, it is either reflected back
into space or absorbed. In either case the energy returns back into the atmosphere as heat and
is absorbed by the greenhouse gases that release it slowly. The increasing presence of these
gases in the atmosphere slows down the release process and cause the Earth’s surface
temperature to rise, contributing to what we now call climate change.
The most plentiful greenhouse gas emitted through human activities is carbon dioxide. The main
human activities that emit CO2 are the combustion of fossil fuels (coal, natural gas, and oil) for
energy and transportation and some industrial processes.
The measure of the emission of greenhouse gases is known as the carbon footprint and is meant
to be useful in determining an entity’s impact on the environment. The carbon footprint is a
subset of the ecological footprint, which includes all human demands on the biosphere.
Several years ago, the focus in facilities shifted from energy to emissions. This was driven by
conversations at international levels. While the specific actions of any particular nation may vary,
there has been general acceptance of a need to respond. Whether the facility manager is
operating in a mandatory compliance or voluntary system, facility managers have a role to play
on behalf of their organization.
An organization’s ability to impact its carbon footprint is a function of its ability to understand its
activities, measure its contributions, and employ response and/or reduction strategies.
Measuring and monitoring have proven to be successful methods for aiding in decreasing
greenhouse gas emissions while contributing to positive social responsibility. Additionally,
legislation worldwide is either pending or currently in place that dictates the measuring and
reporting of GHG emissions. While disclosure of greenhouse gas emissions is largely voluntary,
there is a growing trend toward mandatory disclosure. Starting now, measuring and monitoring
the impact a facility or company has on the environment will provide a head start if and when
such reporting becomes a requirement.
Like all practices, if it is implemented for the right reasons, it will be worth it. It will be found that
creating programs to track and then reduce greenhouse gases will be a prudent investment. In
fact, taking no action will really create more hardships in the near future. Looking globally, the
Stern Review, issued by the Treasury of the United Kingdom, estimated that, “…if we don’t act,
the overall costs and risks of climate change will be equivalent to losing at least 5% of global
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Gross Domestic Product (GDP) each year now and forever… In contrast, the costs of action, i.e.,
reducing greenhouse gas emissions to avoid the worst impacts of climate change, can be limited
to around 1% of global GDP each year."

4.3.4 Ratings Systems
Facility activities can have a significant environmental impact. In fact, every decision made in
relation to the facility may impact its business value as well as the health and productivity of its
occupants. Facility activities can also substantially influence the quality of life of the surrounding
community and its environment. Below is a list of the direct impacts to the environment from
the operation of facilities:
 Carbon emissions


Other emissions related to energy use



Potable water use



Stormwater runoff



Impacts related to building materials



Solid waste



Indoor air quality

Today larger numbers of organizations and their stakeholders concerned about the environment
and wasteful business practices are choosing to incorporate environmental sustainability in their
business processes. It is the responsibility of the facility manager to be able to manage a facility
while keeping all of the aspects of the triple bottom line (environmental, social and economic)
balanced and to provide the organization’s stakeholders with security in knowing that the
environmental aspect can be satisfied without compromising the others.
Facility managers often use building rating system certification as a way to keep track and
improve the environmental performance of their buildings. Receiving a building certification can
be quite an effort and is an accomplishment once realized. However, if after the certification the
operations and performance of that facility are not being measured and monitored, then that
accomplishment and its impacts will be short-lived. Tracking and documenting resource
consumption and building effectiveness is extremely important if there are plans to re-certify
under the current green building program, in order to at least maintain the efficiency which led
to certification and, better yet, to improve on performance by watching trends and looking for
ways to optimize systems.
To find out more information on green building rating systems, check out the How-To Guide on
that subject.

4.3.5 Finances
A facility should be viewed as a liquid asset: its performance and efficiency can then be utilized
to justify investments. A building valuation is an important piece of a company’s financial solvency
and it is one more way that FMs can prove their value to Senior Management. On the current
worldwide stage, ever-spiraling energy costs make it clear that understanding how a facility works
and knowing where improvements can be made should be of particular interest to property
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owners and facility managers. Investments in energy conservation and efficiency have proven
economic benefits. Estimates indicate that the overall savings from improved efficiency and
developing alternatives to petroleum and fossil based fuels will, on the whole, generate long term
cost savings.
By upgrading existing facilities to improve energy efficiency, facility managers can reduce costs,
saving as much as 40%. Similarly, if facilities adopt measures to save water on the same scale as
current energy efficient building guidelines, buildings could save an additional $0.10 per square
foot annually.
To date, companies still have a limited understanding of the immediate and long term
implications of corporate environmental practices and the positives outcomes derived from them.
The sustainability movement is sometimes viewed strictly as a moral or ethical issue, with little or
no relevance given to the financial aspect. Thus, it is perceived in some arenas that environmental
practices are actually liabilities to business. Efforts at going beyond compliance, such as pollution
prevention and energy efficiency have gained the stigma of being viewed as a cost, rather than
a productive investment in the future. These are dominating the landscape because no other
information is forthcoming. Facilities that measure, monitor, document and report their successes
can effectively blunt these negative perceptions.
Looking at the predominant trends in the industry: legislation demanding the reduction of
greenhouse gas emissions, waste diversion, water usage and commuting; companies realizing
major costs for contaminated landfills, litigation and compliance; or the “high” expense of
operational upgrades and capital improvements, it can be easily seen that there are costs savings
to be realized in each of these areas. The broader consideration of sustainability is being limited
by the lack of appropriate reporting on the positive impacts of sound environmental
performance.
Facility Managers need to focus on the upside of environmental practices and mitigate the
negative factors typically associated with sustainability. The World Business Council for
Sustainable Development has developed criteria which a company should be measuring and
upon which they can report. The list includes:
 Impact on Climate Change


Greenhouse Gas emissions



Waste Stream Management



Energy Intensity



Environmental Liabilities



Environmental Management Qualities

Taking a proactive role to collect, analyze, and report steps taken by the organization in these
areas will reduce potential business risk and allow companies to remain in control of their
processes and performances.

4.4 Taking Action
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Measuring and monitoring is a process, and like any process, it needs a structure. Boundaries
and timelines must be set, specifically identifying what targets there are to be measured and how
often they will be monitored. Steps need to be designed that will make up the monitoring process
for the particular areas that are being audited. Measuring and monitoring can encompass a
multitude of aspects, covering activities such as the procurement, consumption and disposal of
materials, energy and water, as well as maintaining indoor environmental quality and human
comfort. Criteria regarding the scope of the exercise should be decided up front, whether the
activity will cover cradle to cradle, cradle to grave or door to disposal. Timing and scheduling will
rely heavily on how deeply into a life cycle the process will delve.
It should also be pre-determined as to how a company or facility will use the information
obtained as a result of the process; when and how it will be reported will also have an impact on
the collection of data. A regular schedule must be set to sustain a measurement and monitoring
program. Important activities will always make their way into schedules, as long as they are
recognized as important and are prioritized as such. Such a process can start at the Macro Level
- an overall view when the data points first come into play. A step down to the Micro Level can
be made, for instance, to provide a tighter periodic perspective when investigating data
information such as spikes in usage, hourly consumption, peak times and anomalies regarding
energy and water. Periodicity depends on situations. Everything is ruled by circumstances. But
the set boundaries, schedule, limits and timing must always be considered with no lapse in
discipline.
After these parameters have been set, adjustments can always be made, but as far as the
regularity of timing, it is important to set limits and adhere, at the least, to one scheduled check
per any given period. It is all right to start small and expand the approach over time and as needs
dictate. Flexibility and latitude can easily be ascribed to the activities. The important message is
that an FM capture the timing points of when the data needs to be viewed and schedule
accordingly.
Once the process has commenced, then it should become a Standard Operating Procedure. It
must be inculcated into facility operations on a regular, consistent and specified basis so that it
becomes a habitual practice of continuous improvement.
Measurement and monitoring are vital components of the universal principles for the quality
management of facilities. Operations & Maintenance (O&M) represent the greatest expense in
owning and operating a facility over its life cycle. The accuracy, relevancy, and timeliness of welldeveloped, user-friendly O&M manuals cannot be overstated. Hence, it is becoming more
common for detailed, facility-specific O&M manuals to be required and a measuring and
monitoring program should be a featured chapter.
O&M measurement can tend to focus on reliability as the sole metric. This metric alone is not
enough to build a successful O&M program. Facility managers must think beyond reliability.
Successful programs incorporate reliability along with controlling and adjusting consumption and
minimizing costs. Historical trends, current status and future projections captured through an
M&M program are critical to success. Not only are these metrics important in assessing cost
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effectiveness and efficiency, but also in equipment purchase justification, program modifications,
and staff hiring.
Building rating systems have requirements for periodic and continuous monitoring of
performance against described targets. Whether it be LEED, Green Globes or Energy Star,
tracking of data is necessary. Even if a building has not been rated, and there are no plans to do
so, the templates supplied by third party entities are good guidelines by which to go.
A decision can be made as to what schedule and which indicators are possible to track within the
available resources and adjust them for structural, economic, and behavioral changes where
needed. The indicators that are developed can then be used to compare relative changes that
do occur over time.
If measurement and monitoring has not yet been started in the facility, then the time to start is
now. Success, improvements and efficiency will not take place until a definitive status has been
realized in a facility. A baseline needs to be established and progress tracked for an FM to be
truly effective in managing the workplace.
The equation is simple; what isn't used doesn't cost...as long as it isn't a waste. When it comes to
natural resources, and everything inevitably comes from nature, savings save. Measuring and
monitoring, keeping a continuous eye on usage and adjusting when possible, is a winning
proposition.

4.4.1 Procurement
What comes into a facility and then leaves it ultimately falls on the facility manager. In order to
effectively run a sustainable, high performance building, measuring and monitoring the materials
and services and their impacts on which an organization relies is of major import. The ideal time
to track procurement activities is really at the point of purchase.
There is a lifecycle aspect to facilities and their operations. Typically it begins with the sourcing
of materials, delivery, efficiency, material content. When a transaction is consummated,
considerations should have been already devised regarding from whom the purchase is made,
as well as where and how the materials were derived.
Again, the macro/micro level protocol comes into play in this process. Life cycle assessment – the
tracking of a product from harvest, through manufacturing, transportation, consumption and
disposal – is a practice that is gaining momentum in the workplace. If an FM is preparing a
sustainability report, or if a company is working with the Federal Government (anywhere along
the line), then the complete process regarding the creation and use of materials must be
monitored and controlled.
Sustainability programs dictate requirements that affect the procurement process. It is incumbent
upon FMs to work with their procurement departments to implement an Environmentally
Preferred Purchasing Program (EPP). Along with product criteria and purchasing venues, it should
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contain expectation of vendors and their selection, standard Service Level Agreements and the
assurance that products entering the facility meet with sustainability aspects and can be easily
measured and monitored. An excellent guide to this process can be found on the EPA website.

4.4.2 Resource and Waste Management
The end result of procurement is disposal. This is when what hasn't been used can be measured
and what materials have been wasted can be calculated. Measuring and monitoring waste will
help an FM determine where money is ill-advisedly being spent and, thus, where savings can be
found. Minimization is about buying less and using less; prevention is avoiding creating waste at
all. The depletion of natural resources and the fact that money should not be thrown away
emphasizes the need for society to shift focus away from waste management toward materials
management. Through constant checks of what is being disposed as waste, these precepts help
an FM truly evaluate how procurement and consumption of materials and products affect the
bottom line.
In creating a waste management program, it is necessary to continually monitor how the
organization is handling discarded materials. This is usually done using a Waste Assessment. In
order to conduct a waste assessment, it first must be determined as to what kind of waste the
facility is currently generating. Materials that are generated in the highest volumes are called
target materials. A recycling program should be built around these materials. Janitorial and
custodial staff can help with recycling efforts. If a program has been set up, they can collect and
store separately for pick-up and/or remuneration. Recycled materials can be measured through
reports from the waste carrier on a weekly or monthly basis.
Dumpster diving, or checking what the end waste looks like in a facility is an activity that could
take place quarterly. Measuring the amount of recycled material that has not been diverted may
be an alert that the recycling program needs some new life.
M&M is an essential process in the management of a facility. "When" it is implemented, as a
consistent and meaningful activity, is as important as “how" or "why." It can become one of the
more important tools in achieving operational efficiency and cost effectiveness in the built
environment if schedules are maintained and controlled. The relevancy and context of data will
only be truly seen if it is easily comparable on a historic basis.
The old FM credo stated that the job entailed “...taking care of people, places & things.” An FM
needs to know and understand current status and trends if satisfaction and improvement is to
be attained. Measuring and monitoring aspects in the facility leads to cost savings and high
performance while paving the way for the type of comprehensive sustainability reporting that is
sitting on the near horizon. Timing of the process is a critical piece of the whole.

4.5 Metrics
4.5.1 Energy
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When it comes to measuring & monitoring, the first thought that comes to mind is energy.
Though it is true that water, natural resources, workplace quality and GHG emissions are all equal
when it comes to cost and environmental impacts, energy is in the forefront.
Energy comes from a number of different sources to generate electricity: coal, natural gas,
nuclear, propane, fuel oil, geothermal and so on. A couple things are static, though; it goes
through a meter, it costs money and it needs to be monitored.
Common Energy Metrics
EUI (kWh/GSF)
Annual Electricity Use (kWh/GSF)
ENERGY STAR Score
$/kWh
$/kBtu
$/GSF
$/FTE
kWh/FTE
% Reduction

Energy is typically measured in British thermal units (BTUs)
or, in the metric system, joules (J). Power is a measure of
the rate at which energy flows, and in electrical systems it is
measured in watts (W). A watt is energy flowing at a rate of
one joule per second, which is approximately 3.4 BTUs per
hour.
Instead of measuring electric energy in BTUs or joules, it is
measured in kilowatt-hours (kWh). One kWh is the energy
expended when running one thousand watts (or 3,412 BTUs
per hour) for an hour. In Europe, thermal energy is also
measured in kWh.

The energy measure used can either be in terms of primary energy or site energy. Primary energy
is the amount of energy delivered to an end user adjusted to account for the energy that is lost
in the generation, transmission, or distribution of the energy. Site energy is the amount of energy
delivered to an end user without adjusting for the energy lost in the generation, transmission,
and distribution of the energy. When developing energy use, efficiency, and CO2 indicators, it
should be determined which of the two is being measured. Site energy monitoring is more
specific to the enclosed space of a facility. Primary energy would be measured if there is an intent
to publish formal reports or to calculate an organization's carbon footprint.
At the least, energy use should be tracked monthly. The Energy Star Portfolio Manager and other
such benchmarking tools are designed that way. Also, utility bills come in on a monthly basis.
This would be the macro view of measuring and monitoring consumption.
With a good Energy Management System (EMS) and appropriate sub-metering, the investigative
process can go much more deeply. If it is possible to have separate meters for HVAC, lighting,
plug load and data centers, an FM can truly track key indicators of equipment performance, level
of achieved efficiency, possible system degradation and daily spikes in energy usage.
Since electric bills use your highest monthly demand as a component of the electric bill; the lower
your monthly peak is, the better. Peak shaving flattens the load profile and creates a more
efficient operation. Load shifting is a technique that also flattens a load profile. It entails recognizing
excess on-peak usage and shifting it to off-peak valleys. Load factor refers to “how” a business uses
power. If all our machines turned on at the same time, there is a major draw on power. Load profile
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refers to “when” power is used throughout the day and year. Keeping the kWh constant, the
more power that is used during off-peak hours, the lower the electric bill.
Measuring and monitoring and making adjustments to power use on a regular basis is a smart
practice to initiate. Lowering the amount of power used, especially in peak periods, has a
proportional impact on the electric bill. Knowing what is being used and how it is being used is
critical to efficiency and cost savings. The Environmental Protection Agency (epa.gov) and Energy
Star (energystar.gov) websites have plenty of tips on proper measuring, monitoring and costsaving techniques.

4.5.2 Water
Water is a finite resource. Some people lose the fact of how important water is due to its relatively
low cost, but the strictest attention must be paid to usage and waste. A recommendation would
be that water be measured and monitored at least weekly. A pinhole leak in a pipe could waste
a lot of water if usage was only perused monthly.
Water is typically measured by gallons per minute (GPM) or gallons per flush (GPF), depending
on the application being measured. As in monitoring power use, sub-metering is an important
aspect in controlling and saving water. Differentiations should be made between potable vs.
reclaimed water; also distinctions can be made between domestic use, irrigation, process water
and treated water in HVAC systems. The more that is known about water usage, the easier it will
be to minimize waste and leaks.

4.5.3 Indoor Environmental Quality
Indoor environmental quality (IEQ) refers to the measures taken to ensure a healthy, comfortable
and safe atmosphere for building occupants. Non-regulated indoor areas often create
unproductive workspaces, and may propagate occupancy health issues including headaches,
irritation, fatigue, nausea and contraction of disease, among others. Because most of the workday
is spent indoors, facility managers must create sustainable spaces that prioritize IEQ. This ensures
occupant productivity, satisfaction and health, while limiting an organization’s legal liability.
Metrics are used to assess and monitor the conditions of a facility, allowing for comparison with
LEED and BREEAM IEQ standards.
Several IEQ metering methods exist. Direct measuring devices such as sensors, meters,
humidistats and detectors continually monitor IEQ factors. Some of these systems can amass
data from different locations within a facility to identify patterns or problems. Furthermore, air
may be sampled and analyzed to detect contaminants. Additionally, visual inspection of
workplaces reveals obvious issues. To develop effective IEQ management strategies, metrics
information should be supplemented with occupant surveys and statistics related to health and
productivity.

Table 1: Common IEQ Metrics
Carbon Monoxide
Carbon Dioxide

US metric
Parts per million (PPM)
Parts per million (PPM)

SI metric
Parts per million (PPM)
Parts per million (PPM)

How to determine
Carbon monoxide detector
Carbon dioxide sensor
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Mold Spores

Colony forming units per cubic
meter air (cfu/m³)
Particulates
Micrograms per cubic meter air
(µg/m³)
Formaldehyde
Parts per million (PPM)
Occupant Comfort: Degrees Fahrenheit (°F)
Thermal Comfort
Occupant Comfort: Percentage relative humidity (% Ø)
Humidity
Occupant comfort: Foot-candle (fc)
Lighting Quality

Colony forming units per cubic
meter air (cfu/m³)
Micrograms per cubic meter air
(µg/m³)
Parts per million (PPM)
Degrees Celsius (°C)

Visual detection, professional air
sampling
Air sampling pump

Percentage relative humidity (% Ø)

Hygrometer or humidistat

Lux (lx)

Light meter

Professional inspection
Thermostat

One of the keys to success in a facility management operation is customer satisfaction. This, of
course, not only applies to contributions to the bottom line, but also to the health and comfort
of those personnel working in the facility. Productivity is linked irretrievably to health, human
comfort and morale; mechanisms must be in place to gauge these levels in the workplace.
Occupant Surveys, performed either annually or semi-annually, will help create visibility for major
areas of concern and/or discontent. A post-occupancy evaluation (POE) can be conducted six
months after occupancy in a new facility, after a move or relocation or following major
reconfigurations in the building. Occupants need time to adjust to new settings and a time lapse
before a survey will minimize knee-jerk responses.
Another key practice would be to track work orders and complaints on a regular basis. Tracking
generated and completed work orders over time allows a better understanding of workloads and
staff schedules; combined with complaints, this will also identify negative trends that can be
rectified before they become a major problem. A Computerized Maintenance Management
Systems (CMMS) is a tool that can help in these areas. It contains descriptions of procedures and
practices used to track the maintenance of an organization's assets and associated costs and can
be a valuable supplement to an O&M manual.
Indoor air quality (IAQ) also must be measured and monitored to keep workplaces healthy places
in which to work. Following guidelines proposed in ASHRAE Standard 55-2010 -- Thermal
Environmental Conditions for Human Occupancy and ASHRAE Standard 62.1-2013 – Ventilation for
Acceptable Indoor Air Quality, periodic checks and monitoring of air flow & quality will ensure a
workplace is fit for occupancy. The intent in monitoring these aspects of a facility is to prevent
IAQ problems related to moisture and mold in building assemblies, indoor air particulates,
outdoor contaminants, moisture and dirt in air handling systems and material emissions, as well
as outdoor air monitoring and control.
Checking with Human Resources on a regular basis will also assist in monitoring the facility's
effect on occupants. Receiving input on sick time taken, absenteeism and safety concerns will
provide guidance on how healthy the building is operating.
One of the most important ways an FM can judge how the FM unit's effectiveness is to manage
by walking around. At least on a weekly basis, trips should be made throughout the facility to
understand better the challenges and opportunities that may lie under the surface. This affords
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the FM with personal contact among the stakeholders, enabling the manager to directly measure
attitudes in the workplace, discuss minor complaints that have not yet evolved into problems and
to investigate things that could be done better.

4.5.4 Waste
Waste is comprehensively defined as the useless expenditure of resources, and encompasses any
output material that is disposed when no longer needed or wanted. While many different disposal
options exist, carelessly constructed waste management plans may result in unnecessary financial
cost, energy loss and pollution. Facility managers can avoid these pitfalls by increasing the
amount of waste that is reduced, reused, or recycled. Metrics are integral to the implementation
and maintenance of successful waste management strategies.
Organizations must establish a baseline by measuring their current waste production to
determine exactly how much is incinerated, landfilled, recycled, composted, or thermally treated.
This audit can be performed by sampling the trash in different areas within a facility and recording
the weight and volume of each waste type. Using the audit information to guide decisions, facility
managers can develop safer, more efficient waste management programs. Metrics are also used
to track waste disposal once a plan has been established, which helps to ensure occupant
participation and goal attainment. While this is usually an internal measurement, some trash
companies provide data upon request. Metering waste provides the opportunity to save money
and to reduce environmental impact.

Table 2: Common Waste Metrics
Landfill
Recycling
Composting

US metric
Tons or cubic
yards (yd3)
Tons or cubic
yards (yd3)
Tons or cubic
yards (yd3)

SI metric
Tonnes (=1.102 tons) or
cubic meters (m3)
Tonnes (=1.102 tons) or
cubic meters (m3)
Tonnes (=1.102 tons) or
cubic meters (m3)

How to determine
Internal
measurement
Internal
measurement
Internal
measurement

US billing units
Per container, flat
rate or tons
Per container, flat
rate or tons
Per container, flat
rate or cubic yards

SI billing units
Per container, flat rate
or tonnes
Per container, flat rate
or tonnes
Per container, flat rate
or cubic meters

4.5.5 Greenhouse Gas Metrics
Greenhouse gases are governed by the United Nations Framework Convention on Climate
Change (UNFCC) and the subsequent Kyoto Protocol. Greenhouse gas metrics are indicators
based on greenhouse gas and energy efficiency‐related GHG emissions reductions indicators.
The Greenhouse Gas Protocol, developed by World Resources Institute (WRI) and World Business
Council on Sustainable Development (WBCSD), sets the global standard for how to measure,
manage, and report greenhouse gas emissions. The GHG Protocol standards and tools are used
by companies and organization around the world to manage their emissions. It covers the
accounting and reporting of the six greenhouse gases covered by the Kyoto Protocol: carbon
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dioxide, methane, nitrous oxide, hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SF6). The Standard was amended in May 2013 to include a seventh greenhouse gas,
nitrogen trifluoride (NF3).
GHGs are divided in two measurement categories which are: (1) Direct emission from source that
are directly owned or controlled by the facility, and (2) Indirect emission from sources owned by
a third party, and generated by the use of electricity, heat, or steam that is imported and
consumed by the facility.
The Greenhouse Gas Protocol separates greenhouse gas emissions into three different
categories, or “scopes”:
 Scope 1: Emissions that arise directly from sources that are owned or controlled by the
organization, for example from fuels used in boilers or vehicles that departments and
estate management own


Scope 2: Emissions generated by purchased electricity consumed by the organization



Scope 3: Emissions that are a consequence of the activities of an organization, but occur
from sources not owned or controlled by the organization, including emissions associated
with waste, water, business travel, commuting and procurement

The typical measurement for greenhouse gases is metric tons. Often greenhouse gases are
converted to a common measurement of metric tons of carbon equivalent (MtCO2-e).

4.5.6 Computerized Maintenance Management System Key
Performance Indicators
A computerized maintenance management system (CMMS) is a software package that maintains
a computer database of information about an organization’s maintenance operations. CMMS
are used to record work requirements, track work status, analyze recorded data, produce reports,
or plan daily operation and maintenance activities for a single facility or large complex. An
effective maintenance system provides information required to manage the work, work force and
the cost associated with it.
The CMMS can generate and prioritize work orders and schedules for staff to support "trouble"
calls and to perform periodic and planned equipment maintenance. All of the information
pertinent to and associated with the completed work orders, such as the date the work was
performed, supplies/inventory, and man-hours used, is kept in the database for tracking to
support future operations and planning.
Additionally, a CMMS plays a very important role in the preparation of key performance
indicators/metrics for facilities to use in evaluating the effectiveness of the current operations and
for making organizational and personnel decisions (Pride, 2010). The maintenance management
organization must select the metrics to utilize in establishing their goals and measuring progress
in meeting those goals. The KPIs must be based on actual and historical data that can be
obtained and provide meaningful information that will be utilized in managing the organization,
so it is integral that facilities are able to choose the right KPI. Preliminary KPIs for CMMS are
shown in the table below:
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Table 3: Preliminary KPIs for CMMS
Preliminary KPIs
Customer Perspective
Work Order Response Time
Percent Rework (Call Backs)
Customer Satisfaction
SLA Performance (APPA LOS)
Process Perspective
Craft Utilization/Productivity
PM to CM Ratio
PM/PdM Compliance
Work Order Aging (Trend)
Employee Perspective
Staff Turnover
Stewardship Perspective
Cost/GSF Benchmarks
Facility Condition (FCI Trend)
Total Cost of Ownership (TCO)
KPIs are introduced for the development of a Balanced Scorecard that is used extensively in
business and industry, government, and nonprofit organizations worldwide to align business
activities to the vision and strategy of the organization, improve internal and external
communications, and monitor organization performance against strategic goals.
KPIs should be very specific to the facility and its mission; the key is to select the right mix of
metrics to individuate the KPIs that are more feasible for the facility. A good way to develop KPIs
is using the SMART approach which implies that KPIs should be:
 Specific – Clearly communicated so as to be understood by any stakeholder and
represent a single element of the performance outcome


Measurable – A resulting quantitative measurement



Achievable – Attainable under the expected conditions



Realistic – Able to fit within the facility capabilities and costs



Timely – Feasible within a given time and should not conflict with normal O&M operations

4.6 Systems
Once you have decided which aspects of your building you plan to evaluate, the next step is to
determine how and from where to extract the required data. There are a number of different
methods available, depending on the specific need, and some metrics are easier to access than
others. These methods range from manual audits of simple utility bills to computerized data
management systems analyzing many different types of complex data inputs at once. The
following sections explain how the metrics can be acquired from several sources and how they
can be applied to benefit your facility and business.

4.6.1 Building Management Systems
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Building Management Systems (BMS) have various names depending on the vendor supplying
the software system, most often known (and used here) as Building Automation Systems (BAS).
Other names include Building Control Systems (BCS) and Building Automation Control Systems
(BACS). A building automation system controls operating parameters of the building’s
mechanical, electrical, and plumbing (MEP) systems using computer software tailored to the
particular building’s equipment and operational needs.
The core of a typical building automation system is a proprietary software program. Sometimes
the hardware required to connect to the equipment is proprietary as well. A decision to proceed
with a particular software program and hardware usually means a long term relationship will be
required for software updates and to control programming issues. After the initial installation, it
is often not cost feasible to replace the existing system with a competitor’s system.
The building automation system’s software program dictates its program to a computer, which
in turn is connected to individual equipment to be controlled and measured. The computer can
be located within the facility or controlled remotely off-site. Depending on the equipment
interface and the BAS software programming, the control of the equipment can range from
simple start and stop commands, to complex variable set point commands, to complete
equipment history trending reports from monitoring temperature ranges, alarms, operating
hours, or maintenance activities.
The main advantages of measuring BAS data and the results that can be obtained from tracking
each metric are:
 Energy savings as a direct result of being able to more accurately and effectively control
energy consumable systems


Increased property value, accomplished by decreasing building utility costs, which then
increases net property income per square foot



Increased building comfort from managing space temperature and lighting levels



Increased employee productivity and reduction in sick time by more accurately
controlling outside air ventilation requirements brought into the building



Extended equipment working life and scheduled maintenance requirements by
controlling and recording actual operational hours



Visual interpretation of building systems and equipment on a computer display that can
indicate equipment or system issues and their locations, prior to sending out a repair
technician

On the other hand, some of the drawbacks of implementing a BAS system are:
 Higher up-front costs


Fixed type of BAS program and communication protocol



Recurring costs for software updates and programming changes



Necessity of more technologically knowledgeable maintenance personnel



Potential to be hacked, just like any computer system
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4.6.2 Energy Management System
Energy management systems are similar to BAS systems with more focus on energy usage and
monitoring. They can operate independently, but more often than not are combined with a BAS
system. An EMS quantifies where and how much energy is being used in the facility by input
from sensors and controls. An EMS can also control the power source and destination with
alternative energy sources and appropriate switchgear. By accurately monitoring power
consuming areas within a facility, an EMS system can be an effective tool for implementing utility
company demands for power shedding during electrical grid high-demand or brown-out
conditions.

4.6.3 Facility Management Information Systems
A Facility Management Information System (FMIS) integrates a number of component systems
within a single system to support the needs of Facilities Management (FM) (Dennis, 2003). It is
divided into component systems that manage the property records (comprised of information
regarding construction and renovations of the facility) and those that encompass operations and
maintenance activities. Within each of these areas are subsystems that handle different functions
including, but not limited to, IT, maintenance service requests, core business systems, and
management of electronic documents, maintenance, space, capital planning, and other critical
functions.

4.6.4 Computer Aided Facility Management
In particular, space management is controlled by Computer Aided Facility Management (CAFM).
CAFM programming has the ability to track, manage, report, and plan operations of a facility with
an administrative focus. It allows for data to be standardized across an organization, streamlining
processes and eliminating redundancy. In contrast to a BAS that mainly deals with MEP
operations, the CAFM system processes information related to operational activities of the facility,
such as:
 Space attributes


Asset inventories



Personnel



Safety



Access rights and security



Leasing



Energy consumption



Utilities monitoring



Preventative maintenance



Janitorial activities



Ergonomics



Furniture and fixtures

A CAFM system and BAS can be integrated in areas like energy consumption, utilities monitoring,
and preventative maintenance.

Sustainability How - to Guide – Measuring, Monitoring and Reporting
28

IFMA Environmental Stewardship, Utilities and Sustainability Strategic Advisory Group (ESUS SAG)

An example to illustrate this integration concept is the following scenario: in a hospital patient
room, CAFM would be able to provide information about what is in the room (furniture, medical,
electrical, and communicative devices, etc.), who the patient is, the attending staff assigned to
the room, and who is authorized to access the room. A BAS could tell you the maintenance
status and history of any MEP-related equipment in the room, such as an infusion pump, phone,
or room temperature and set points. The table below represents further examples resulting from
utilizing data that a CAFM system can provide.

Table 4: Advantages of CAFM Data
Measuring…
asset inventories
space utilization
personnel and staff levels
communication patterns
safety and environmental conditions

can result in…
potential reduction achieving cost savings, or replacement to reflect work practice changes
determining space requirements and cost for renovation or a future move
adjusting number of employees to maximize effectiveness
improved coordination among departments
reducing risk from accident and regulatory compliance violations

(Watson & Watson, 2015)

4.6.5 Utility Companies
Reviewing utility bills is a simple yet effective approach to gathering supporting data. A utility
bill displays utility usage and cost over a designated time period. Electricity and water are the
most common utilities, but also included in this category are fuel, sewer, and steam, among
others. Through energy deregulation laws in many areas, the separation of supply and delivery
charges of electricity or natural gas creates competition for supply prices (2015). It should be
noted that regardless of the supply company chosen, there is no effect on the reliability or safety
of the energy’s delivery.
Not only is it important to know how much of a utility you are using, but also when it is being
used. The time-of-use (TOU) pricing strategy is frequently employed by electric companies,
which helps in spreading power consumption more evenly over time and reducing peak loads.
The price of electricity (called a “demand charge”) is set higher or lower based on the company’s
pre-established times of day when demand is known to be higher or lower, respectively. Knowing
when you use the most energy can assist you in modifying your electricity usage to optimally
take advantage of the demand charge schedule.
Utilities can also offer a reduction in annual rate charge if there is an agreement in place to shed
power in times of high utility demand on their system. The amount of power reduction required
and the rate reduction gained annually is normally a negotiated agreed amount determined in
advance by the utility company and the ratepayer. The reduced rate is then held for the contract
period whether there is a request to shed power or not.
Most utility suppliers have a wealth of information available for consumer use and may also offer
other services to aid in data collection and measuring, such as consumer information, tips to save
energy, and seminars on topics concerning safety around utility services. Many of these suppliers
have their own self-assessment tools that track your energy use and provide savings
recommendations.
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Utility companies may also offer free energy audits of commercial customer facilities along with
recommendations for means of saving energy. Many of these recommendations can tie directly
into utility company commercial rebate and financing programs for implementation of installing
energy saving improvements. A rebate program provides significant incentives for upgrading to
a more efficient means of energy usage.

4.6.6 Energy Dashboards
Energy dashboards have evolved as the Business Intelligence (BI) requirements have become
more robust and dynamic. For example, with one third of Business Intelligence users accessing
their data through smart phones, dashboards will need to be agile to fit into various platform
and screen sizes.
Another preferred feature is the flexibility in the dashboard setup so the user can format the
dashboard to their local needs and conditions versus one size fits all.
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4.7 Equipment
In addition to computerized management systems of measurement are equipment that measure,
read, and often times record data. They can operate either on their own or in conjunction with
another type of system. Using equipment to measure is an ideal option especially when data is
needed quickly and on demand.

4.7.1 Meters
A meter is any type of instrument used to measure. As applied to utilities, they are devices that
quantify electricity, gas, and water, typically. Meter data, on which bills are based, is read and
recorded by utility companies. If a meter is not present, the facility owner is otherwise charged
a fixed amount per period rather than by usage (more common for water). Metering is not only
used for billing purposes, but also in data acquisition and analysis to help assess a facility’s utility
usage. Energy and water meter data can be easily incorporated into energy performance
benchmarking using the ENERGY STAR® Portfolio Manager program, especially in areas where
non-residential benchmarking is a requirement.
A number of different meter technologies exist: electromechanical induction, digital electronic,
and smart meters. Electromechanical induction meters only provide utility usage and are read
manually by a human. Digital electronic meters may use either manual or automatic data
transmission reading methods, and can record additional parameters like time-specific usage for
time-of-use billing purposes, voltages, or power factor.
Smart meters use two-way
communication usually over a wireless connection. They are able to record energy consumption
in real time and send the information to the utility company. Additional features of a smart meter
include information about power outages, power quality, and integration with data management
systems.

4.7.2 Sub-meters
Organizations can monitor, control, and manage energy usage by collecting detailed information
about specific operations. One of the most cost-effective methods is sub-metering, which can be
used to monitor energy usage and power consumption for individual tenants, departments, and
pieces of equipment or other loads, such as water and gas usage, to account for their actual
energy usage.
A sub-metered property usually consists of one main meter and at least one sub-meter. The
main meter measures overall utility’s usage for the property while the sub-meters measure the
sub-metered spaces’ usage separately. Electric sub-meters are becoming more prevalent in data
centers because of their relatively high energy consumption compared to the rest of the facility.
Sub-metering also allows for separate billing in the case of multi-tenant properties. The
additional data that sub-metering provides is beneficial in the diagnostics of high power
consumption of a facility.

4.7.3 Sensors
Sustainability How - to Guide – Measuring, Monitoring and Reporting
31

IFMA Environmental Stewardship, Utilities and Sustainability Strategic Advisory Group (ESUS SAG)

Sensors are a broad category of devices that detect many kinds of parameters related to facilities,
and they range in complexity. They can be connected by a wire or wireless, and either stand
alone or work as part of a larger system.
Sensors in use now by a BAS are typically of the direct digital control (DDC) type. DDC is utilized
in providing measuring sample data, utilizing inputs like temperature and humidity levels, and
send outputs that control heating valves and regulate outside air. The data is then forwarded to
the BAS to be converted to useful information on which decisions are based, whether
automatically by the computer system’s pre-programmed logic sequence or manually by
individuals. The only limit to the number of devices or sensors is the BAS software program and
computer hardware system capabilities.
One application of sensors is in indoor environmental quality. Some of the most frequently
measured IEQ parameters are:
 Temperature


Humidity



Light



Carbon dioxide



Carbon monoxide



Radon



Ozone

Temperature and humidity sensors in the indoor environment are crucial to creating a
comfortable space. They can also be placed within HVAC and plumbing framework to ensure
the air or water is maintained at the proper level. Carbon dioxide sensors are increasingly used
in measuring human effects on the conditioned air space, and work in tandem with demandcontrolled outside air ventilation systems. In addition to carbon dioxide sensors, facility
management reporting data and occupants’ safety can be improved by sensors that can detect
potentially deadly substances such as carbon monoxide, radon, or ozone.
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Part 5 - Monitoring
Having measurement systems in place is not enough on its own to ensure a successfully-run
facility. Monitoring these measurements allows for their ongoing observation over periods of
time. Measuring can provide a valid baseline for establishing targets, and then monitoring
determines if they are being met and how close. A key factor to consider is how often to monitor,
which depends on the metric (energy typically has an interval of every month). Choosing exactly
which metrics to monitor depends on what goals you are trying to achieve. Most commonly
monitored are energy and cost, but countless others exist. Some examples are monitoring
carbon dioxide levels to determine occupancy for reallocating air conditioning distribution, or if
the current number of full-time employees is sufficient for the needs of your operation.
Monitoring utilizes historical or past data in order to examine trends that can highlight areas of
potential improvement. Although monitoring is strongly recommended for implementation in a
facility, some green building rating systems may require it in order to verify achievement of
specified targets. Once a monitoring routine has been created, the resulting data can be used in
reporting and analysis, such as forecasting and trending.

5.1 Types of Monitoring
5.1.1 Historical Data
Monitoring allows for the collection of historical data that can be used as a comparison to current
and future levels. Historical data includes data from recent years to help analyze current trends,
as well as from long ago, observing past trends like inflation that could further explain current
patterns. Monitoring not only benefits your organization, but can also assist larger efforts, such
as Energy Star benchmarking. Providing your own data will allow yourself and others to access
a large database of comparable data among similar institutions. The more past data that is
collected, the more useful it becomes in creating a most representative sample size. For example,
in the figure below, if only data for 2011 and 2012 were collected, it would be found that there
was no energy savings at all, and in fact would be a loss. However, considering all of the years
since 2007, there is a net gain in savings over that span. It is also important to gather consistent
data, avoiding gaps whenever possible that can easily cause outliers. In this way, the amount
and consistency of historical data drives the accuracy of the trends.
Energy Cost and Savings
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$1,200,000
$1,000,000
$800,000
$600,000
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$200,000
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Cumulative Energy Savings

Figure 1: Historical/trending of data example
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5.1.2 Trending of Data
Trending utilizes the historical data collected to illustrate relevant patterns or trends. The
resulting trends can then help you to draw conclusions that show that targets are being met. In
addition, future trends can be predicted to determine if you are on track to reaching your overall
goals, and if any targets should be adjusted at this time. Returning to the example in Figure 1,
an energy audit was performed and subsequent improvements implemented over 2008 and
2009. An overall negative trend is observed in energy cost, and a positive trend in cumulative
energy savings. The outcome here is that energy cost is decreasing, and overall savings have
been accomplished, achieving this organization’s goal of 10 percent energy reduction in annual
utility costs. The example can be taken a step further by collecting data prior to 2007, showing
the magnitude of energy trends beforehand and if they had been fairly steady or otherwise.

5.1.3 Continuous Monitoring for Exceptions
Once a new building and related systems has been commissioned for occupancy, there will come
a time as the assets age to conduct a subsequent Retro Commissioning (RCx) exercise; studies
have shown that 4 years after the RCx, 25 percent of those savings realized will be lost four years
later. Continuous monitoring provides a viable alternative to RCx business processes.
There are a number of ways continuous monitoring improves the built environment. Sensors
relay pick up predetermined conditions sending those anomalies for information and action. The
result can be improved customer satisfaction, labor productivity enhancements, improved
operating costs, more secure facilities, increased asset life cycle, lower energy use and
greenhouse gas emissions, improved environmental conditions, maximize space allocation, and
higher likelihood of business continuity.
Building Automation Systems have long since sent alarms to the operator’s PC screen which may
receive the required remedial maintenance or not. Fault Detection and Diagnostics (FDD)
technologies are often third-party Software as a Service (SaaS) model and may take into account
meter data, asset data, weather data, and BAS data which enables a continuous form of Measure
and Verification (M&V).
Once the data has been integrated between various source databases, that meaningful data now
becomes Business Intelligence (BI) enabling an improved data integrity for business decisions.

5.1.4 Green Building Rating Systems
There are many certification systems in the world. Four of them are considered the most widelyused based on the number of buildings certified: BREEM, LEED, GREEN GLOBES and GREEN Star.
The table below lists the four rating systems and their categories.

Table 5: Green Building Rating Systems Categories
BREEAM
(United Kingdom)

LEED
(United States)

GREEN GLOBES
(Canada)

GREEN Star
(Australia)
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Energy

Awareness and education

Effluents and other impacts

Design

Health and wellbeing

Energy and atmosphere

Emissions

Economic prosperity

Land use and ecology

Indoor environmental quality

Energy

Emissions

Management

Innovation in design

Indoor environment

Energy

Materials and water

Location and linkages

Project management

Environment

Pollution

Materials and resources

Resources

Governance

Transport

Regional priority

Site

Indoor environmental quality

Water

Sustainable sites

Water

Innovation

Water efficiency

Land use and ecology
Livability
Management
Materials
Transport
Water

For more in-depth information on the different rating systems, see the IFMA Foundation
Sustainability How-to Guide: Green Building Rating Systems.
Note that the four rating systems in the table above, although they are developed in different
countries, have in common the major categories that are monitored in a typical sustainable
facility: Energy, Water, Material and Resources, Workplace Management, Indoor Environmental
Quality, Quality of Service, Waste and Site Impact. No matter what the rating system is, they all
need a large amount of data collection and monitoring in order to maintain the efficiency of the
building that is going under certification or recertification.
The first steps of the certification or recertification process is to create a project team that will be
able to be involved during the whole course of the project. At a minimum the project team
includes the facility management team, vendors, the facility owner or owner’s representative,
occupant’s representative and a sustainability expert. The first task for the project team is to
create goals for the project that will achieve the requirements of whichever rating system the
team decides is most appropriate to the facility and its occupants. The project team has to set
clear goals that are strongly grounded and most importantly achievable; a good practice is to
use the Triple Bottom Line to make sure the goals chosen for the facility are in line with the Social,
Economic, and Environment aspects of the facility.
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Goals should be measurable and
traceable in order for the project
team to know at all times where
the facility stands, and they should
clearly define what metrics need to
be measured and the benchmark
to reach for each of the categories.
Good practices include creating
action plans that become policies
and programs applicable to the
whole facility. This policies and
plans should include detailed
information about what the goal
is, what the benchmark is, how to measure it, and what monitoring process will be used.
One simple way to measure a benchmark is to install meters. For example, energy and water
meters are helpful to measure the electrical and water consumption for the facility; the collection
of several months of data can help the project team to understand the facility status and to
individuate strategies and changes that need to be applied to the facility to reach the desirable
benchmark.
Although metering is very important for the understanding the actual status of the facility, it is
not useful if it is not paired with the ongoing monitoring process. The purpose of establishing a
monitoring system is to compare current performance against established goals, ensure the
building systems are functioning as designed, and support the project team’s project
requirements through control systems, building automation systems, audits and surveys.
Building systems have to be regularly inspected and maintained to make sure they are
performing at the best of their capability. Inspections are also useful to reveal problems or
opportunities for improvement. The list below is an example of inspections that are common
practices during a certification:
 Commissioning, ongoing commissioning and retro-commissioning – The process and
investigation that compare the building performance with the performance goals, design
specifications, and the owner’s requirements. During this process the building operators
make sure the facility stays on track for meeting or exceeding the operational goals.


Energy and water audits – The purpose of an audit is to assess the consumption for the
facility and to evaluate the measure that can be taken to make the facility more efficient.



Solid waste audits – A waste audit is used to quantify the amount and types of waste
being generated by the facility. Information gathered from the audit will help identify
current waste practices and how they can be improved.



Occupant survey – There are several types of occupant surveys that can be conducted
during the certification process. They all have the same goal: to monitor the facility’s air
quality, lighting, thermal condition, ergonomic, and accessibility, and their effects on
occupants and residents.
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Green purchasing and green cleaning assessment – The ultimate goal of these
assessments is to make sure the facility is following their green practices goals and that
they are achieving their benchmarks.

The monitoring process is important during the certification as well as during the recertification.
Usually, a facility that keeps monitoring its systems and keeps achieving and exceeding their
benchmark will have no trouble during the recertification process.

5.2 What to do with data you’ve measured?
5.2.1 Energy Analytic Tools
Energy consumption data once available for a building, metered or sub-metered area within a
facility is now available a granular level, i.e. the asset. IBM reports that in the U.S. alone, buildings
use 70% of all electricity, and of that 70%, 50% is wasted. This type of energy analysis is an idea
which is needed now thereby enabling Facility Management to respond quickly, timely, and as
required to mitigate energy wastage.
Analytics can be grouped into 3 types:
 Descriptive Analytics use data aggregation and data mining techniques to provide insight
into the past and answer: “What has happened?”


Predictive Analytics use statistical models and forecasts techniques to understand the
future and answer: “What could happen?”



Prescriptive Analytics extend beyond predictive analytics by specifying both the actions
necessary to achieve predicted outcomes, and the interrelated effects of each decision.

The leading edge of energy analytics can be seen in Prescriptive Analytics when multiple sources
of data records and the interplay between them. For example, how does the weather trends,
employee attendance, and asset performance impact electrical consumption?

Part 6 - Making Data Driven Decisions: The Internet
of Things and Big Data
The Internet of Things allows us to connect existing equipment to technology solutions which
affect everything from control levels to security concerns. Most evident in the success column is
the overwhelming energy savings reported. For instance, Microsoft’s corporate campus in
Redmond, Washington, with over 100 buildings, achieves millions of dollars in energy savings per
year. IoT technology has also helped Pierce Elementary School in Arlington, Massachusetts, to
save 10 percent on energy costs in one of the harshest winters on record, when all other schools
in the town went over budget.
Facility managers are now able to measure and analyze Big Data, which is made available from
all of the IoT outputs. This ultimately allows for faster and more educated data-driven decisions.
Big Data enables the Facility Manager (FM) to provide substantiated data to help them “tell their
FM Story” and gain the needed resources to build a high performance organization.
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By harnessing the power of Big Data, building/facility managers can keep up in an increasing
tech-driven world, while ensuring a safe, productive and pleasant work environment. This, after
all, is the mission of a facility management organization. With budget and human resource
restrictions being what they are today, technology is a must to operate a high performance
organization.
Remote services has also made great strides with the integration of data through connectivity of
different systems. This has enabled significant cost and time savings for all types of building
systems, e.g. fire protection and HVAC equipment. Giving owners and on-site technicians this
advanced type of monitoring capability allows them to move from reactive to a proactive status.
It allows for greater productivity, minimizing response times to demand requests and ultimately
better assist utilization.
“IoT is enabling a growing connection between demand response and resilience,’ notes Jack
McGowan, author of Energy & Analysis: Big Data & Building Technology Integration . He says
Christian Healthcare kept a hospital operating for seven days with no utility power after hurricane
Sandy by using on-site generation, demand limit control (DLC), metering, and the BAS to provide
power to only the most critical loads. Tools like these enable smart facility managers to optimize
use and be ready when resiliency issues like outage occur.”
-Building Operating Management, Oct. 2015
Bottom line, utilizing the benefits of combined knowledge and data (the entire premise of IoT)
technology allows for a much more communicative and efficient connection between the facility
management staff and the building occupants.

Part 7 - Case Studies
7.1 Dr Pepper Snapple Group Headquarters LEED® Case
Study: LEED® Gold Certification
By Lynn Baez (lynn.baez@mail.com)

7.1.1 Pu r p o s e and Background
The DPS Corporate Headquarters, a three-story, 296,000 square-foot building, located at 5301
Legacy Drive in Plano, Texas, was recently awarded USGBC LEED® Gold Certification in
compliance with the LEED® for Existing Buildings: Operations & Maintenance (LEED® EB-O&M)
Ratings System. Dr Pepper Snapple Group Headquarters (DPS) first opened for operations in 1998
is one of the first "multi-use facility” because it includes not only offices but also a research and
development center and a data center recognized with the LEED® Gold recognition.
The building averages approximately 270,000 square feet of office space, 3,000 square feet of
data center, and 22,000 square feet of laboratories. The total LEED® boundary consisted of
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732,000 square feet of building, covered and surface parking with native plants and grasses. The
building had previously earned an EPA Energy Star rating in 2011, recognizing continued work to
minimize energy use each year since 2008 for a total reduction of 3.2 million kWh by the end of
2011.
Dr Pepper Snapple Group (DPS) is the No.1 flavored carbonated soft drink company in the
Americas, and a leading innovator and marketer of functional/non-carbonated beverages.
Corporate social responsibility (CSR) is more than just “doing the right thing.” By minimizing
environmental impacts, creating a safe and diverse workplace and encouraging fit and active
lifestyles are all part of the integrated and comprehensive approach to CSR that is helping DPS
bring its vision to life. DPS is continuing to explore ways to improve sustainable attributes at other
sites. In April 2011, DPS was awarded LEED® Silver Certification for its 850,000-square-foot, stateof-the-art regional manufacturing and distribution center in Victorville, California.

7.1.2 Green Strategies
DPS Headquarters began the journey to LEED® by benchmarking current practices on premise.
One of the initial steps completed was retro-commissioning the Plano facility. The other main
effort was to benchmark energy and water consumption. Through this effort, DPS reduced its
landscaping water use by 50 percent through the use of water sensors to more accurately
determine water needs. DPS used light meters to identify lighting efficiencies across the property,
resulting in the reduction of more than 2 million KWh of energy. LED lights were added to exterior
areas and several areas found to be excessively lit were de-lamped. In addition, the company
installed light sensors in common areas, such as break rooms. Partnering with its landscape
provider, DPS converted to a native /adaptive plant life model on the property, which will help
plant life expectancy rates, as well as control erosion and improve pest management.
Almost half of Dr Pepper Snapple Group’s LEED® certification points were obtained from
incorporating building energy improvements as determined by the Environmental Protection
Agency ENERGY STAR® Portfolio Manager Assessment score. The building initially benchmarked
at a score of 42, which did not meet Energy Star standards. Several enhancements were made to
the central plant and lighting systems which contributed to the final rating submitted to LEED®
for an exemplary Energy Star rating of 83. These improvements through the course of the LEED®
project provided energy savings as well as reduced CO²e emissions to the property.
The project team implemented best management policies and practices in Indoor Air Quality
Performance, Environmental Tobacco Smoke Control, and Green Cleaning. An occupant and
transportation survey was used to determine user thermal comfort satisfaction and benchmark
transportation methods and vehicle types used by occupants. This survey supported
recommendations for improvements through the performance period and beyond. A custodial
effectiveness audit was performed by an independent third party audited company during the
performance period with a resulting score of 1.14 or “orderly spotlessness”. The facility now uses
100% green cleaning products, and the custodial staff has been trained in green cleaning
processes and proper disposal procedures. Exemplary performance was achieved in Indoor
Environmental Quality for the Green Cleaning Program and Custodial Effectiveness Assessment.
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“Dr Pepper Snapple Group joins an elite group of companies with multi-use facilities that have
attained LEED® Gold certification. The urgency of USGBC’s mission has challenged the industry
to move faster and reach further than ever before, and Dr Pepper Snapple Group serves as a
prime example with just how much we can accomplish.”
-Rick Fedrizzi, president, CEO and founding chair, U.S. Green Building Council
One of the most challenging categories was Materials and Resources, due to the volume of data
collection required through the performance period and participation from multiple departments,
vendors, and occupants as a whole. DPS implemented a Sustainable Purchasing Policy and a Solid
Waste Management Policy to evaluate, track, and dispose of all site materials. By tracking all
ongoing consumables into and out of the property and providing sustainable alternatives to
common purchases, DPS purchased 97% sustainable materials and diverted 61% from landfills.
DPS used a variety of disposal streams to support diversion rates such as recycling, upcycling,
donating and composting. By partnering with the DPS IT organization, DPS switched all laptops
on the property are Energy Star rated, and many qualify as Electronic Product Environmental
Assessment Tool, or EPEAT® rated.
DPS partnered with a third party that retained a LEED® Accredited Professional as part of the
project team. The third party worked with the facilities team to document all current practices
and processes into documentation that supported LEED® submission. Documenting operational
expenses and sustainable initiatives during the performance period enabled the company to
reduce the building operating budget by 25 percent. In addition, it will take less than one year
for the company to pay back the capital investment on green initiatives.

7.1.3 By The Numbers
A brief overview of the achieved LEED® credits utilized with the building certification is listed in
the following table.

Table 6: DPS Case Study LEED® Credits Utilized
Sustainable Sites

5

Water Efficiency

8

Energy and Atmosphere

28

Materials and Resources

8

Indoor Environmental Quality

11

Innovation in Operations

6

Total

66

“Earning LEED® Gold certification for our Plano headquarters is a significant achievement for DPS
and our ongoing sustainability efforts. This project spanned several years, and its success is a
testament to the great work and dedication of a facilities team that has truly embraced our
environmental sustainability commitments.”
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-Tim Gratto, VP of Sustainability, DPS

7.1.4 By The Details
Sustainable Sites
 Building Exterior and Hardscape Management Plan


Integrative Pest Management, Erosion Control, and Landscape Management Plan



Stormwater Quantity Control



Heat Island Reduction – Non-Roof

Water Efficiency
 Water Performance Measurement – Whole Building Metering


Water Performance Management – Sub-metering



Additional Indoor Plumbing Fixture and Fitting Efficiency



Water Efficient Landscaping



Cooling Tower Water Management – Chemical Management

Energy and Atmosphere
 Optimize Energy Performance


Existing Building Commissioning – Investigation and Analysis



Existing Building Commissioning – Implementation



Existing Building Commissioning – Ongoing Commissioning



Performance Measurement – Building Automation System



On-Site and Off-Site Renewable Energy



Enhanced Refrigerant Management



Emissions Reduction Reporting

Materials and Resources
 Sustainable Purchasing – Ongoing Consumables


Sustainable Purchasing – Durable Goods – Electric



Sustainable Purchasing – Durable Goods – Furniture



Sustainable Purchasing – Reduced Mercury in Lamps



Solid Waste Management – Waste Stream Audit



Solid Waste Management – Ongoing Consumables



Solid Waste Management – Durable Goods

Indoor Environmental Quality
 Indoor Air Quality Best Management Practices – Indoor Air Quality Management Program


Indoor Air Quality Best Management Practices – Reduced Particulates in Air Distribution



Indoor Air Quality Management Plan – Indoor Air Quality Management for Facility
Alterations and Additions



Occupant Comfort – Occupant Survey



Controllability of Systems – Lighting



Green Cleaning – High Performance Cleaning Program
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Green Cleaning – Custodial Effectiveness Assessment



Green Cleaning – Sustainable Cleaning Products and Materials Purchases



Green Cleaning – Sustainable Cleaning Equipment



Green Cleaning – Indoor Chemical and Pollutant Source Control



Green Cleaning – Indoor Integrated Pest Management Innovation in Operations



Innovation in Operations – Green Education Program



Exemplary Performance – IEQc3.3 Green Cleaning



Exemplary Performance – WEc1 Water Performance



Exemplary Performance – IEQc3.2 Green Cleaning Custodial Effectiveness Assessment



Innovation in Operations – LEED® Accredited Professional



Innovation in Operations – Documenting Sustainable Building Cost Impact

7.2 Water, Water, Everywhere
By Daniel H. Davies, CFM (ddavies@si.edu)
The big Zoo picture: where all the water goes
The National Zoological Park, part of the Smithsonian Institution located along Rock Creek in
Northwest Washington, DC, is a very thirsty place. A collection of over 2,000 animals of over 200
species resides on 163 acres on a steep bank between Rock Creek and Connecticut Ave. Rock
Creek is not a source of water for the Zoo, but ground water flows freely out of the bedrock into
Beaver Valley, and could become part of a new exhibit there. The DC Water and Sewer Authority
(DCWASA) provides all the potable water for the Zoo through three main feeds. Of the 110
structures on the site, over half are fed with water. The system also feeds fire hydrants, fountains,
irrigation, and many water elements in the landscape. From all these points of use, water is
consumed, leached or leaked into the ground and the nearby creek, drained to the city sewer,
evaporated, or recovered and reused. Of all the species at the Zoo, the biggest user of water is
the human being. People drink their fair share, just as the other species do, but that volume is a
drop in the bucket compared to the amount used for irrigation, cleaning animals, cleaning
habitats and enclosures, and filling animal pools, again and again. Some water, we know not yet
how much, escapes the intended use.
Eye-opening Crisis: what alerted us to the dire nature of our problem
In 2006, our water consumption was climbing steadily. Not due to growth. Not due to new
programs or new animals, though we had some. No new major pools had been added to the
inventory. One of our existing pools, however, was consuming water at an alarming rate. This
change had developed so gradually that, even though consumption was being tracked, it did not
raise anyone’s attention above the typical primary concerns of a major Zoo. The Grey Seal pool
held over 200,000 gallons. Customary loss from this pool included up to several hundred gallons
per day evaporation, roughly 8,500 gallons per day back-flush for the filtration system, and minor
seepage from the drain. This loss was compensated for by automated make-up which kept the
pool at the proper level. Under normal circumstances, this make-up water ran heavily following
a back-wash, but then slowed to a trickle once the need was met. Our problem became readily
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apparent when this make-up, a 3” pipe at 120 psi, ran continuously for hours at a time at full flow,
and still couldn’t satisfy the need. Somewhere in this pool system, we were losing 150,000 gallons
per day. We had a massive leak.
Gross Data: a picture of the consumption rate at our worst moment
There was a period during which the annual cost of water consumed by the Zoo exceeded the
cost of consumed electrical power, natural gas, and diesel fuel - put together. In 2006, we paid
for $2.8M of city water. Our meters were spinning so fast they were approaching maximum
capacity, and pressure was insufficient to feed fire hydrants in an emergency, so a plan was
devised to shut down certain systems in the event of a fire.
Interim measures: initial response to the crisis; low hanging fruit
The Grey Seal pool seemed to be the most drastic piece of this wide-ranging crisis. We could no
longer fill the pool fast enough to keep up with the loss. We searched for the cause. We ruled
out major cracks in the pool. We ruled out the drain valve. We sent video cameras down the
supply and return pipes for the pool circulation system to find cracks, fractures or ruptures, and
found nothing definitive. Dye tests ultimately focused our attention on the supply side of these
circulation pipes, buried in rock grooves beneath the concrete pool. There was no way to replace
the pipes without cutting out much of the bottom and sidewalls of the pool, and epoxy lining was
ruled out. An alternative approach was devised. The leaking system was plugged and abandoned
in place. A new $225K supply pipe system was installed exposed on the interior of the pool.
Aesthetically, this was not an ideal solution, because it detracted from the visitor experience;
however, it cut the water loss from 150,000 gpd to about 50,000 gpd. This single effort was so
significant that the Director of DCWASA called to find out why our meters were no longer
spinning out of control. The reduced consumption from this one project returned the investment
in less than eight months.
Major culprits: Seal/Sea Lion; Hippo; Birds; Otters; Elephants
At the height of this crisis, the Grey Seal pool was not the only culprit. The Sea Lion pool was also
leaking and the holding pools behind the scenes were allowed to overfill continuously to keep
them fresh. The Bird House and adjacent enclosures were also running water down the drain
continuously to ensure the birds always had fresh water. The Hippo pool was dumped and filled
every time the Hippo defecated in his inimitable blast diarrhea style, often three or four times a
day. The Elephants, which defecate in solid bollus form, did not pollute their pools quite so
readily, but there was no filtration system for those pools so they, too, were dropped and filled
at least daily. Big fish tanks at Amazonia leaked 1000 gallons an hour. Reptiles, Invertebrates,
Lions and Tigers, all in aging crumbling facilities, consumed more than they should. Even newer
facilities like Giant Pandas and Asia Trail spun the water meter at an excessive rate. Hoses wielded
by dozens of Keepers to wash their charges and the space they occupy sent thousands of gallons
to the sanitary sewer.
Lesser culprits: Woodlands; Small Mammals, Restrooms, Misters
There were many other points of water use and loss around the Zoo. Filler pipes for four ponds
at the Woodlands near the Bird House ran continuously, just to keep the ponds looking natural
and fresh. The Small Mammal House had several rivulets that just trickle to the drain, and then
the Keepers washed down the enclosures with hoses to clean and sanitize them using enough
water that it seeped through the double-thick exterior brick wall. We furnished water to the
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public throughout the park. Water fountains were fairly efficient, but gang restrooms – in
continuous use during visiting hours – still had older commercial fixtures that flushed
aggressively. One of our most popular amenities during the hot months from April to October
was our Mister System. At ten locations along primary paths throughout the park, visitors could
step under a water atomizer that ran continuously during any day expected to reach 80°F.
Strategy: Measurement; analysis; planning; marketing; intervention
The crisis shook us. It wrestled our attention away from the exciting flavor-of-the-day crises that
typically kept us busy. The apparent success of the action we took at the Grey Seal pool led us
to build a strategy for next steps park-wide. In order to know where to focus our efforts, we
needed to know where water was being used heavily, and where it was being “lost”. We needed
to measure our consumption in a more granular way than with the meters on our three water
mains. We needed to measure consumption at all the major points of use. Then, with data in
hand, we needed to determine what was reasonable for each area. Naturally, it takes more water
to sustain a family of elephants than it does to sustain a family of Asian Otters. What level of
consumption is excessive, and who decides? This question led us to conclude that consumption
data must be shared with the consumer, to make them aware, and to involve them in the process
of determining their respective target consumption levels. Sharing the data could also enable
competition to reach those goals and recognition for accomplishments, and if the data was
shared in a public venue then it could help tell the story of the challenge we faced, and what we
did about it, such that others might learn from our success. With increased awareness and
analysis of our consumption trends and patterns, we can then devise and deploy interventions
that reduce our consumption or mitigate loss.
Sub-metering: You are what you measure; get the real data
Sub-metering was not a new concept for the Zoo. We had already deployed them for all locations
where revenue generators (restaurants, concessions, etc.) needed water, so they could reimburse
us for their consumption. But, until recently, there were only a few sub-meters elsewhere in the
park, and those were not monitored closely. To gather dependable data broadly, we installed
sub-meters in the 26 major water consumption locations. These new sub-meters were all tied in
to the Building Automation System, so data gathering was continuous and trending could be
done ad nauseam.
Interactive data interpretation exhibit; share the story to build support
Now we had good data. The next step was to present the data in a form that was easily accessed
and intriguing enough to get the users’ attention. Would they go to a website to see this data?
Perhaps, but they would be more likely to pause for a moment if the data was presented in a
tasteful and easily accessed exhibit, right in their primary path to their work site. It was decided,
therefore, to install three large interactive touch-screens in interpretive kiosks with inviting
graphics that would enable users to ponder the data in real time – so, they could see how much
water they are using right now – or they could easily trend what they did yesterday, or last week,
or last year, and compare and contrast. The system would be so friendly to use and quick to get
results from, that people would be attracted to it for that routine check, like touching base on
Facebook or Twitter. This window on the real-time data of Zoo water consumption would also
enable the public to see our commitment to continuous sustainability improvement. Speaking
of websites, the data and trending capability would also be available to all staff on the National
Zoo intranet. As access to the data increased, staff would begin to see the need and the
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opportunities to conserve water. [We wrote a grant proposal to fund this portion of the project
in January, 2011.]
Competition, peer pressure and buy-in: enable users to understand their role in the problem and the solution
In the vacuum of information, it was possible to turn one’s head and ignore the dire state of
excessive water loss, abuse and consumption, but with readily available data and interpretation,
enough people will take notice and seek solutions that even the most die-hard opponents would
have little choice but to get into the act. Competition among similar-rate users across the park
would encourage buy-in to universal conservation. Philosophically, we already have good buyin. Once we can justify through careful prioritization where targeted conservation should be
emphasized, we will make easy strides of progress.
Targeted conservation: focus on the efforts that yield greatest benefit
We will target those areas, like Grey Seal pool, where we can modify or mitigate existing
configurations, processes, and procedures with greatest impact and benefit. Resources will be
identified and dedicated to effective measures for water conservation. As new systems come on
line, we are already making big improvements. Each sub-meter tells a story. Building-specific
trends enable scrutiny of water consumption and we will aim first for those targets that can easily
produce substantial reductions, then move on to tougher targets and more modest gains.
Success stories: Reroutes; closures; operational adjustments; alterations; education.
Examples of recent successes in water conservation – even as we await the interpretive data kiosks
–include the filtration systems for pools at the new Elephant exhibit, which will preclude the need
to dump and fill Elephant pools daily. New water mains serving two thirds of the Zoo have
eliminated leaks in the previous mains which dated back to the 1930’s and beyond. Several of the
pools previously allowed to run continuously have been throttled way back or placed on float-fill
systems to prevent rampant loss. Staff is regularly updated on progress of the sub-meter and
touch-screen project, and is anticipating the availability of consumption data. They are actively
promoting concepts for alterations and procedural changes that will conserve water, and
promoting conservation among their peer groups here at the National Zoo, elsewhere in the
Smithsonian, and at other accredited Zoo’s across the country.
Data: Five years of The National Zoo Water Story in Graphic and Tabular Form
On the following pages are numbers that show progress we have made in conserving water at
the National Zoo since 2006. We have made commendable progress. We still have work to do.
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Figure 2: Place Energy Profile

Table 7: Use in MGal
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Totals

2006

41,347

24,718

32,135

26,190

38,222

29,641

32,329

67,874

32,165

27,442

24,483

26,018

402,565

2007

22,382

24,834

21,390

25,625

33,219

28,218

30,266

30,815

23,745

20,187

30,439

20,414

311,534

2008

19,534

20,498

20,466

18,682

23,555

18,466

26,672

28,628

22,976

22,996

18,757

20,475

261,704

2009

17,998

19,431

19,494

23,312

22,193

24,624

28,903

25,204

24,244

19,795

14,596

16,561

256,356

2010

14,093

14,873

12,717

15,018

15,290

17,694

21,447

15,980

15,941

0

0

0

143,054

Totals

115,355

104,354

106,201

108,828

132,478

118,644

139,617

168,502

119,071

90,420

88,275

83,469

1,375,214

Figure 3: Place Cost Profile
Table 8: Cost in US Dollars
Jan

Feb

Mar

Apr

Sep

Oct

Nov

Dec

2006

$296,209

$177,284

$230,323

$187,813

$273,857

May

$212,493

Jun

$231,715

Jul

$485,915

Aug

$230,529

$206,649

$184,422

$195,954

$2,913,163

2007

$168,641

$187,058

$161,183

$193,004

$250,047

$212,483

$227,847

$231,972

$178,857

$181,816

$241,758

$162,296

$2,396,961

2008

$155,316

$162,960

$162,705

$148,568

$187,190

$146,854

$211,900

$227,407

$182,600

$197,103

$167,314

$182,591

$2,132,511

2009

$160,560

$173,309

$173,892

$206,365

$182,354

$202,277

$237,334

$207,028

$199,163

$177,519

$131,030

$148,605

$2,199,435
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2010

$126,535

$133,506

$124,836

$134,803

$137,232

$158,734

$192,297

$143,407

$145,584

$0

$0

$0

$1,296,934

Totals

$907,262

$834,117

$852,940

$870,552

$1,030,680

$932,840

$1,101,093

$1,295,728

$936,733

$763,088

$724,524

$689,447

$10,939,004

Sustainability How - to Guide – Measuring, Monitoring and Reporting
47

IFMA Environmental Stewardship, Utilities and Sustainability Strategic Advisory Group (ESUS SAG)

Part 8 - Appendices
8.1 Appendix A: References
Dennis, D. (2003, January). Facility Management Information Systems. Retrieved from
AutomatedBuildings.com:
http://www.automatedbuildings.com/news/jan03/articles/dennis/dennis.htm
Pride, A. (2010, June 17). Reliability-Centered Maintenance (RCM). Retrieved from Whole Building
Design Guide: https://www.wbdg.org/resources/rcm.php?r=cmms
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Watson, J. R., & Watson, R. (2015, September 4). Computer-Aided Facilities Management (CAFM).
Retrieved from Whole Building Design Guide: https://www.wbdg.org/om/cafm.php

8.2 Appendix B: Additional Resources
ASHRAE.org www.ashrae.org/
Energy Star: www.energystar.gov/
Environmental Protection Agency: http://www.epa.gov/
Global Reporting Initiative: https://www.globalreporting.org/

International Facility Management Association: www.IFMA.org
United Nations Environmental Programme: http://www.unep.org/
U.S. Green Building Council (USGBC) http://www.usgbc.org/
World Business Council for Sustainable Development: WBCSD: http://www.wbcsd.org
EPA Simplified GHG Emissions Calculator (SGEC) Version
https://www.epa.gov/file/simplified-ghg-emissions-calculator
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8.3 Appendix C: Glossary
Audits (energy, water, waste): An audit is an inspection, survey and analysis of consumption,
utilization and disposal of resources to enable conservation efforts in a building.
Benchmarking Exchange Program (BEX): IFMA’s online benchmarking portal allows facility
professionals to compare building data. It provides the ability to filter information by industry,
facility type and geographic region. Reports can be accessed that target metrics unique to
individual facilities or campuses.
Building automation systems (BAS): The automatic centralized control of a building's heating,
ventilation and air conditioning, lighting and other systems. The objectives of building
automation are improved occupant comfort, efficient operation of building systems, and
reduction in energy consumption and operating costs while improving the life cycle of utilities.
Commissioning: The process of planning, documenting, scheduling, testing, adjusting, verifying,
and training that will ensure that a facility operates as a fully functional system per Project
Requirements. The goal of the Commissioning Process is to enhance the quality of a delivered
project by focusing on the goal of a functional and energy efficient building.
Computer Aided Facility Management (CAFM): An inter-relational database that involves the
creation and utilization of Information Technology (IT)-based systems in the built environment.
A typical CAFM system is defined as a combination of Computer-Aided Design (CAD) and a
relational database with specific abilities designed for Facility Management.
Computerized Maintenance Management Systems (CMMS): Computer software that helps
maintenance teams keep a record of all assets for which they are responsible, schedule and track
maintenance tasks, and keep a historical record of work performed.
Demand charge: Fees based on the highest level of electricity supplied at one time during any
billing period and at the time of day it’s needed by a facility.
Direct digital control (DDC) The automated control of a condition or process by a digital device
(computer). Used in HVAC systems, DDCs evaluate inputs like temperature and humidity levels,
and send outputs that control heating valves and regulate outside air.
Direct emission Emissions from sources that are owned or controlled by the reporting entity.
Energy Management System (EMS) Energy management systems are used by facility managers
to monitor, measure, and control electrical building loads. Energy management systems can be
used to centrally control devices like HVAC units and lighting systems across multiple locations.
Energy Star: The U.S. EPA's Energy Star program has developed energy performance rating
systems for several commercial and institutional building types and manufacturing facilities.
These ratings, on a scale of 1 to 100, provide a means for benchmarking the energy efficiency of
specific buildings and industrial plants against the energy performance of similar facilities.
Environmental Protection Agency (EPA) The EPA is an agency of the U.S. federal government
which was created for the purpose of protecting human health and the environment by writing
and enforcing regulations based on laws passed by Congress.
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Environmentally Preferred Purchasing Program (EPP): The procurement of goods and services
that have a reduced impact on human health and the environment compared to competing
products serving the same purpose. It is an essential part of the search for high quality products
and services at competitive prices.
Facility Management Information System (FMIS): Used for recording the identification of all
improvement and repair, health and safety issues, abatement plans for the health and safety
issues, and execution of new and renovation of construction projects from conception through
project completion.
FMIS serves as an on‐going communication link with all of its users. It provides management
planning, engineering, operations and maintenance and fiscal control for facility managers.
Global Reporting Initiative: An international independent organization that helps businesses,
governments and other organizations understand and communicate the impact of business on
critical sustainability issues such as climate change, human rights, corruption and many others.
Green purchasing- See Environmentally Preferred Purchasing (EPP): Refers to the procurement
of products and services that have a reduced effect on human health and the environment when
compared with competing products or services that serve the same purpose. This comparison
can consider raw materials acquisition, production, manufacturing, packaging, distribution, reuse,
operation, maintenance, and disposal of the product or service.
Green cleaning assessment- An audit usually performed in accordance with APPA Leadership in
Educational Facilities’ (APPA) “Custodial Staffing Guidelines” to determine the appearance level
of the facility.
Greenhouse Gas Protocol: Developed by World Resources Institute (WRI) and World Business
Council on Sustainable Development (WBCSD), it sets the global standard for how to measure,
manage, and report greenhouse gas emissions. GHG Protocol standards and tools help to
manage emissions and enable organizations to become more efficient, resilient, and prosperous.
Greenhouse gases (GHG): Any gaseous compound in the atmosphere that is capable of
absorbing infrared radiation, thereby trapping and holding heat in the atmosphere. The primary
greenhouse gases in Earth's atmosphere are water vapor, carbon dioxide, methane, nitrous oxide,
and ozone.
Indirect emission: Emissions that are a consequence of the activities of the reporting entity, but
occur at sources owned or controlled by another entity
Indoor air quality (IAQ): A term which refers to the air quality within and around buildings and
structures, especially as it relates to the health and comfort of building occupants. IAQ can be
affected by gases (including carbon monoxide, radon, volatile organic compounds), particulates,
microbial contaminants (mold, bacteria), or any mass or energy stressor that can induce adverse
health conditions
Indoor environmental quality (IEQ): The conditions inside a building. It includes air quality, access
to daylight and views, pleasant acoustic conditions, ergonomics and occupant control over
lighting and thermal comfort.
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Key performance indicator (KPI): a type of performance measurement. KPIs evaluate the success
of an organization or of a particular activity in which it engages.
Kyoto Protocol: An international agreement linked to the United Nations Framework Convention
on Climate Change, which commits its signatories by setting internationally binding emission
reduction targets
Macro level: At or on a level that is large in scale or scope. It focuses more upon structure, social
and problems, and their interrelationships. The macro-level perspective considers the full
panorama of the business. Macro-level issues typically incorporate several smaller micro-level
issues
Measuring: Estimating by evaluation or comparison. Bringing into comparison the act or process
of assigning numbers to phenomena according to a rule.
Meter: a device that measures the amount of electricity, water or gas consumed by a business,
or any device powered by the entity.
Micro level: This perspective focuses on small details and daily interactions. It's the perspective
gained when an individual problem is closely honed in on. This level is used to establish the
elements of those practices that contribute to a particular challenge.
Monitoring. An activity that entails observation, detection, or oversight of the operation of a
machine or system, especially an automatic control system
Occupant surveys- Serves the purpose to objectively gauge which building services and design
features are or are not working. Based on participant input, survey results help to prioritize steps
needed to improve occupant satisfaction and workplace productivity
Operations and maintenance (O&M): Activity that has the objective of retaining or restoring an
item in or to a state in which it can perform its required function. The actions include the
combination of all technical and corresponding administrative, managerial, and supervision
actions.
Post-occupancy evaluation (POE): Through surveys, provides a systematic evaluation of opinion
about buildings in use, from the perspective of the people who use them. Through the
unmediated experiences of building users it serves as an assessment of how well buildings match
users’ needs.
Reporting: Giving a spoken or written account of something that has been observed, heard,
done, or investigated
Sensor: an object whose purpose is to detect events or changes in its environment, and then
provide a corresponding output
SMART Approach: Goals should be Specific, Measurable, Attainable, Realistic and Timely.
Sub-meter: A device that enables the monitoring of the consumption of electricity, water or gas
by individual equipment within a building, such as HVAC, indoor and outdoor lighting,
refrigeration, kitchen equipment and more.

Sustainability How - to Guide – Measuring, Monitoring and Reporting
51

IFMA Environmental Stewardship, Utilities and Sustainability Strategic Advisory Group (ESUS SAG)

Time-of-use (TOU) pricing: Time-of-use rate plans are higher when electric demand is higher,
Instead of a single flat rate for energy use. When energy is used is just as important as how much
is used
Trending: A general tendency or course of events. The general direction of something
United Nations Environmental Programme (UNEP)- The United Nations Environment Programme
(UNEP) is the leading global environmental authority that sets the global environmental agenda.
It promotes the coherent implementation of the environmental dimension of sustainable
development within the United Nations system and serves as an authoritative advocate for the
global environment.
United Nations Framework Convention on Climate Change (UNFCC): An international
environmental treaty negotiated at the Earth Summit in Rio de Janeiro in 1992, and implemented
in 1994. The UNFCCC objective is to "stabilize greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate system"
World Business Council on Sustainable Development (WBCSD): A CEO-led organization of
forward-thinking companies that encourages the global business community to create a
sustainable future for business, society and the environment.
World Resources Institute (WRI): A global research organization that spans more than 50
countries, with offices in Brazil, China, Europe, India, Indonesia, and the United States. The WRI
works closely with leaders to turn ideas into action to sustain natural resources, creating a
foundation for economic opportunity and human well-being.
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