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ABOUT THIS GUIDE

A Retrocommissioning Guide for Building Owners (the Guide) illustrates how building
owners and managers can successfully use retrocommissioning as a cost-etfective
method to reduce expenses and increase revenue through improved building operations.
The more an owner is involved in the retrocommissioning process, the lower the

costs, the larger the benefits, and the longer the impact. This guide was created to
address the opportunities that owners have to significantly increase the benefits of
retrocommissioning in their buildings.

Building owners can use this document as a guide to better understand the impact of
the retrocommissioning process and communicate internally to others about issues,
benefits, and need for staff involvement. As the retrocommissioning team moves
through each phase of the process, the individual charged with leading the effort

on the owner’s side (referred to as the owner’s representative or, simply, “owner”
throughout the remainder of this document) can use this guide as a reference to gain
a better understanding of each phase and to lead the team in taking the appropriate
steps to ensure success.

A Retrocommissioning Guide for Building Owners is designed to guide
the owner in achieving the following components of" a successtul and
cost-effective retrocommissioning project:

v Facility staff are able to complete a portion of the work — reducing the
budget required to pay the commissioning provider or subcontractor.

v" Building staff learn about enhancing the operation of their building
as they work alongside the commissioning professional— improving
their ability to maintain the performance of systems after the project
is complete.

v" Budgeting for retrocommissioning flows smoothly because the owner
understands the associated benefits.

v" Short and long-term plans for implementing improvements are
created; retrocommissioning opportunities are assessed for risk
management and the potential to generate revenue; and the costs are
integrated with budget planning.

V' Benefits are long lasting through the implementation of persistence
strategies.

The first two sections of this guide, “Building Performance as a Business Strategy”
and “Investing in Retrocommissioning,” are written with the financial decision
maker in mind. In some cases, that may be a corporate CFO or a regional energy
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manager. In other situations, it may be a private building owner or owner’s representative.
It is critical that the person in control of allocating operational budgets understands the
financial rationale and economic opportunity of retrocommissioning.

The section entitled “Project Basics” includes a quick summary of the retrocommissioning
process, an explanation of the roles and responsibilities of the team, and a final checklist
of “Key Strategies for Success.” The “Key Strategies for Success” checklist acts as a portal
into the rest of the document and provides quick links to critical information as the reader
embarks on and moves through a retrocommissioning project.

The remainder of the Guide expands on the process steps summarized in the “Project
Basics” section and is divided into six parts:

Project Planning — Part 1

Project Planning — Part 2

Investigation

Implementation

Project Hand-Off

Making Retrocommissioning Benefits Last

At the end of the Guide, the Resources section (see p. 87) provides links to additional
tools and information that owners may find helpful in understanding and managing the
retrocommissioning process.

Development of this Retrocommissioning Guide for Building Owners supports the U.S.

EPA ENERGY STAR® program goal to offer businesses and consumers energy efficient
solutions that save money and protect the environment. The Guide is intended to
increase clarity and consistency of market standards for both commissioning providers
and building owners. It also presents a clear strategy for ENERGY STAR® partners to
improve their performance rating and adopt a long-term energy management strategy by
retrocommissioning appropriate buildings in their portfolio.

A Retrocommissioning Guide for Building Owners builds on existing resources used around
the country and addresses new concepts and practices in the industry. It provides

links to a comprehensive range of sample documents for commissioning customers and
practitioners. The Guide helps the U.S. EPA provide building owners and commissioning
providers with the necessary tools to improve whole building performance through
persistent, cost-effective building operations that are in line with building owners’
budgets and practical needs.
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1. BULDING PERFORMANCE AS A
BUSINESS STRATEGY

How well a building performs not only affects utility bills — it also
can influence property value, the productivity of occupants, and the
business bottom line. Although high energy use is sometimes accepted
as an unavoidable cost of doing business, it may be an indicator of
opportunities for reducing inefficiency and waste linked to building
performance issues and gaps in how operation and maintenance (O&M)
activities are carried out. By actively pursuing building operating
improvements, building owners and managers can significantly reduce
operating costs to increase the profitability of their business and gain
a competitive edge in the marketplace.

This section describes the potential for broad gains from activities
aimed at improving building performance and introduces the concept
of retrocommissioning (RCx) and its benefits.

Highlights:

¢ How retrocommissioning improves building profitability and
reduces risk

e The differences between commissioning, retrocommissioning,
recommissioning, and ongoing commissioning

¢ Goals of retrocommissioning
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A CASE FOR IMPROVING BUILDING
PERFORMANCE

No matter how well building operators and service contractors maintain equipment, if it
operates inefticiently or more often than needed, energy waste and reliability problems can
occur. Also, over time, building uses change — occupants move, spaces are reconfigured,
new equipment is added — rendering previous systems and settings ineffective.

Today’s buildings are complex, employing highly inter-dependent systems with sophisticated
controls; therefore, even small operational problems can have big impacts on performance.
Even if building staff have been able to work out most of the operational “bugs,” they are
often forced to solve daily problems under severe time constraints and without the benefit of
appropriate or complete documentation or training on system-integration issues.

Commissioning and Retrocommissioning Defined

Commissioning is an intensive quality assurance process that begins
during the design of a new building and continues through construction,
occupancy, and operation. Commissioning ensures that the new building
operates as the owner initially intended and that building staff are prepared
to operate and maintain its systems and equipment.

Retrocommissioning applies the commissioning process to existing
buildings and seeks to improve how building equipment and systems function
together. Retrocommissioning can often resolve problems that occurred
during building design or construction, or address problems that have
developed during the building’s life.

RETROCOMMISSIONING CAN HELP

Achieving optimum building performance requires an approach that helps to ensure that
equipment and systems perform together effectively and efficiently to meet the building
owner’s operating requirements and expectations. When this process occurs during the
construction of the building, it is referred to as “commissioning.” Applying a similar
process to existing buildings and their operations is referred to as “retrocommissioning.”

Retrocommissioning is a collaborative process that looks at how and why a building’s
systems are operated and maintained as they are, and then identifies ways to improve
overall building performance. As a process, rather than a set of’ prescriptive measures,
retrocommissioning adapts to meet the specific needs of each owner. Since occupant
comfort complaints and high energy use can often go hand-in-hand, retrocommissioning
can help to correct both. Specifically, retrocommissioning:
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e Improves the building’s overall performance by optimizing energy efficient
design features and directly addressing equipment performance and system
integration issues.

e Ensures that building staft’ have the knowledge and documentation needed to
operate and maintain the building.

e Evaluates the building’s environmental quality to reduce occupant complaints by
optimizing existing systems.

Optimum building performance can be maintained over time following retrocommissioning
through persistence strategies such as recommassioning or ongoing commassioning.

e Recommissioning involves applying the commissioning process to a building
that has been previously commissioned (during new construction) or
retrocommissioned. It is normally done every three to five years, or whenever
the building experiences a change in use.

e In ongoing commissioning, monitoring equipment and trending software is left in
place to allow for continuous tracking, and the scheduled maintenance activities
are enhanced to include operational procedures. For ongoing commissioning to
be highly effective, the building owner must retain high quality staff or service
contractors that are trained and have the time and budget to not only gather and
analyze data, but also to implement the solutions that come out of the analysis.

Case Study: Target Retrocommissioning Program

Thanks to retrocommissioning at several SuperTarget® stores, Target
identified adjustments to its refrigeration systems which resulted in a
$5,000 - $10,000 annual energy savings per store. Due to the potential
risks associated with food quality if refrigeration systems do not perform,
Target funded this effort not only as an energy savings measure, but also
as a risk minimization strategy.

Source: Williams, Scott D. PE, “Owner’s Strategies for In-house Commissioning,” Proceedings of the National
Conference on Building Commissioning (New York, NY, May 4 - 6, 2005).

A RETROCOMMISSIONING GUIDE
FOR BUILDING OWNERS



Jojdoyn)

RETROCOMMISSIONING AS PART OF
YOUR BUSINESS STRATEGY

Retrocommissioning can benefit a building owner in a number of ways:

e Reduce utility costs. Through retrocommissioning, whole-building energy
use may be reduced by an average of five to 15 percent. In some cases, annual
savings of as much as 30 percent are possible.!

e Protect or enhance property value. Reducing operating costs helps to
maintain high occupancy rates, reduces tenant turnover, and enables an owner
to gain a competitive edge in the marketplace.

e Protect against future liability. A building’s indoor environmental quality
affects the health, comfort, and productivity of its occupants and ranges from
mildly inconvenient to very serious. Retrocommissioning can help identify and
address problems that can lead to future liability.

¢ Reduce repair and replacement cost. Retrocommissioning improves system
performance, increases equipment life, and reduces the need for repairs, which
can save money and result in fewer comfort complaints.

e Increase a building’s EPA energy performance rating. More and more
tenants are becoming concerned about environmental issues and how their work
place measures up. The EPA acknowledges the commitment and achievement
of organizations that have adopted energy performance goals into their core
business strategies (see next page).

Putting the *O” in O&M

Preventive and predictive maintenance programs, out of necessity, focus on component
by component care and seldom include comprehensive investigation of how systems
operate together. Retrocommissioning goes beyond the scheduled maintenance of
a building to address the “O” in O&M by providing a thorough assessment of the
operation of mechanical equipment, lighting, and related controls to improve how the
building operates as an integrated system. Retrocommissioning enhances a preventive
maintenance program by including methods for ensuring that operating improvements
remain functioning as intended. For buildings that do not have an active preventive
maintenance program, retrocommissioning can be a key element in re-establishing
control over the building’s maintenance processes and procedures.

1 Haasl, Tudi, Robert Bahl, E.J. Hilts, and David Sellers. 2004. Appropriate Use of Third Parties in the Existing Building Commissioning
Process — An In-house Approach to Retrocommissioning. World Energy Engineering Congress.
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Differentiate Your Building with an ENERGY STAR® Label

More and more building owners are strategically pursuing the business
opportunities of energy efficiency. In response to this interest, initiatives
such as the U.S. Environmental Protection Agency (EPA) ENERGY
STAR program have emerged. For businesses and organizations,
ENERGY STAR is built around the principle that etfective energy
management is good for business as well as the environment. Over 7,000
organizations are ENERGY STAR partners, working with EPA to
improve whole building energy performance.

Retrocommissioning plays an important role in addressing whole building
performance by looking at buildings as integrated systems, rather than a
set of individual components. Buildings earn the ENERGY STAR label

by demonstrating that the energy use of their whole building performs in
the top 25th percentile compared to similar buildings. The EPA energy
performance rating system is used to assess energy using a standard metric,
which can be used to identify the lowest performing buildings in a portfolio
and to demonstrate success after a retrocommissioning project. As an easily
applied benchmark, it also can be used to determine when performance is
slipping and recommissioning may need to occur. More information on

ENERGY STAR for buildings can be found on the EPA website at www.
energystar.gov/labeledbuildings.

At the end of 2006, more than 3,200 buildings had earned an ENERGY
STAR label. These buildings represent more than 575 million square feet,
save an estimated $600 million annually in lower energy bills, and prevent
almost 11 billion pounds of greenhouse gas emissions, equal to emissions
from almost 900,000 vehicles.

Recognition Opportunities

EPA acknowledges the commitment and achievement of organizations that
have adopted energy performance goals into their core business strategies.
Partner companies are recognized as “ENERGY STAR Leaders” when
they achieve significant improvements across their building portfolio
compared to their organization’s baseline. Organizations can leverage

this national recognition in the market as a symbol of environmental
stewardship and superior energy management. For details on eligibility,
visit the ENERGY STAR website at http://www.energystar.gov/
leaders.
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Retrocommissioning and Green Building Certification
Retrocommissioning and the EPA energy performance rating are both
a part of the Leadership in Energy and Environmental Design (LEED®)
for Existing Buildings Rating System™, which goes beyond energy
performance to include additional sustainability measures.

What is LEED?

LEED is a series of green building rating systems developed by the

U.S. Green Building Council (USGBC). These systems are designed to
help an owner achieve an accepted “green building” standard for new
construction and retrofit projects. There are distinct rating systems for
new construction (LEED-NC™), existing buildings (LEED-EB™), and
several other situations. LEED-EB is applicable to building operations,
processes, system upgrades, and minor space changes, and can be used
by buildings new to LEED certification, or as a recertification vehicle for
buildings that have previously achieved a LEED rating.

Using Retrocommissioning to Meet LEED-EB Requirements
Existing buildings seeking LEED-EB certification can receive points
based on the building’s EPA energy performance rating. Implementing a
retrocommissioning process will help achieve the minimum performance
rating required by LEED. Retrocommissioning measures can help
buildings earn points toward certification under LEED-EB. More
information about the LEED Rating Systems can be found on the U.S.
Green Building Council’s website at www.usgbc.org.
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2. NVESTING IN REIROCOMMISSIONNG

ow does a business make the decision to invest in retrocommissioning?

Simple payback for a retrocommissioning project is typically less than
two years and often less than one year. In addition, the process secures better
and longer performance out of existing equipment, and the benefits reach
far beyond energy savings. If this is true, why aren’t all building owners
adopting this strategy?

The answer may be in the perception of this type of investment. Each
type of business has its own pressures that affect investment choices:
healthcare is subject to constant regulation, real estate investment trusts
(REITs) need to improve the value of their holdings and eftectively
manage leasable space, and service businesses are focused on sales

and customer service. In these environments, putting money into a
building to increase operating efficiencies may not be a high priority.
This chapter describes the benefits and costs of a retrocommissioning
project and concludes with guidelines for developing a business case for
retrocommissioning that wins senior management support and approval.

Highlights:
* Reducing a building’s energy use through retrocommissioning
¢ How building performance affects the bottom line and overall
asset value
¢ Understanding the costs of retrocommissioning
e Strategies for reducing retrocommissioning costs
* Keys to building the business case for your retrocommissioning project

A RETROCOMMISSIONING GUIDE
FOR BUILDING OWNERS



Jojdoyn)

DIRECT SAVINGS POTENTIAL

A prevailing myth is that the many expenses associated with operating and maintaining
a building are an unavoidable cost of doing business. The reality, however, is that the
majority of buildings can operate at equivalent or improved levels of comfort and
tunction for less money. Retrocommissioning addresses this inefficiency by reducing
operating costs through low-cost investments with high rates of return.

Sovings from Refrocommissioning

Cost savings from retrocommissioning can be significant; however, they can also

vary significantly depending on building type and location, and the scope of the
retrocommissioning process. A comprehensive study found average cost savings in the
following ranges:

Value of Energy Savings $0.11 - $0.72/1t°
Value of Non-Energy Savings $0.10 - $0.45/1t?

Significant cost savings from a retrocommissioning process are often a result of” reduced
energy use. A 2004 study conducted by Lawrence Berkeley National Laboratory (LBNL)
aggregated retrocommissioning results from 100 buildings? and found whole-building
electricity savings ranging from five to 15 percent and gas savings ranging from one to 23
percent. Corresponding payback times ranged from 0.2 to 2.1 years. The median project
energy savings found through this study were approximately $4:5,000 per building (in 2003
dollars), and ranged as high as $1.8 million. Payback times typically decline with increasing
building size, especially for buildings with floor area above 100,000 square feet (see Figure 1
below).

Figure 1. Commissioning Payback Time vs.
Building Size (Existing Buildings)

Source: Lawrence Berkeley National Laboratory, “The Cost Effectiveness of
Commercial-Buildings Commissioning,” December 2004.

2 The data in this section is based on information provided in the following publication: Mills, E., H. Friedman, T. Powell, N.
Bourassa, D. Claridge, T. Haasl, and M.A. Piette. 2004. “The Cost-Effectiveness of Commercial-Buildings Commissioning,”
Lawrence Berkeley National Laboratory. http: //eetd.lbl.gov/EMills/PUBS/Cx-Costs-Benefits.html
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There are certain economies of scale associated with retrocommissioning. For example, base
costs are linked to the number of systems in a building. Consequently, for a large and small
building with the same number of systems, per square foot costs of retrocommissioning

will be lower for the larger building. Although it can be more challenging, smaller building
owners can still achieve cost-effective commissioning with payback times under two years.
Also, payback periods typically decline with increases in facility energy costs. For example, the
LBNL study found that laboratories, which have the highest energy cost per square foot, had
the shortest payback periods. In contrast, schools, with relatively low energy costs per square
toot, had longer payback periods. The article, Meticulous Study Makes the Case for Cost-
Effective Commercial-Building Commissioning summarizes the LBNL study (to access this

article, visit www.betterbricks.com).

Case Study: Marriott Marauis

Marriott’s flagship property, the Marriott Marquis, a 50-story structure
located in Times Square in New York City includes nine floors of retail and
meeting rooms, 35 floors of occupant rooms, five restaurants, and a 1,500
person theater. In order to achieve the goal of reducing operational energy
consumption, Marriott used a retrocommissioning process to determine if
improved operation could result in energy savings. In contrast to the efficiency
measures the hotel had implemented in the past to maximize lighting and
guest room controls, significant opportunities were found in areas separate
from the guest facilities, allowing the hotel to improve its bottom line

without altering its functionality to its guests. Among other improvements,
by optimizing the facility’s chilled water plant and installing variable speed
drives on the air handling system, the facility was estimated to save $775,000
per year. Through this project, Marriott was able to improve on the building’s
mechanical systems, maximize efficiency, and shield against ever-rising energy
costs all with simple payback of less than two years.

Source: NYSERDA case study drafted by Portland Energy Conservation, Inc.

Recovering Investments in Income-Producing Properties

In many buildings the return on investment is easy to see. Owners who pay all of their energy
costs will directly benefit from reduced energy use. In income-producing properties, however,
the payback to the owner may be harder to see and is complicated by the variety of leasing
arrangements used in commercial real estate. Even within one owner’s portfolio of buildings it
is not unusual to have a different lease agreement with each tenant. In reality, however, owners
can realize a return on energy efficiency investments under most lease arrangements.’

3 Information in this section is summarized in part from the following publication: Jewell, Mark. RealWinWin, Inc.
“Understanding the Value of Commissioning in Income-Producing Office Buildings,” Proceedings of the National Conference
on Building Commissioning (Palm Springs, CA, May 20 — 22, 2003).
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The value of proposed energy efficiency improvements to an owner can be determined
by evaluating how different leasing arrangements divide energy costs and savings
between the owner and tenant. While leases typically prohibit the building owner
from passing the cost of most capital expenditures to tenants, some leases allow the
owner to assess tenants for capital projects that reduce operating expenses. It is
important to understand how a building’s leasing structure affects owner savings in
order to adequately evaluate the potential benefits of retrocommissioning.

Three types of basic tenant lease agreements are typically used in income properties:
gross leases, net leases, and fixed-base (modified gross) leases.

e Gross Lease. Owner pays all utilities and, therefore, directly benefits from any
reductions in utility costs. All improvements in building performance, therefore,
increase the owner’s net operating income (NOI).

e Net Lease. Tenant pays all utility costs, which can represent 30% ot the
average building’s operating expenses, and receives a direct benefit from reduced
operating expenses. Expenses associated with the building’s common areas
(shared hallways and lobby) are still the responsibility of the building owner; the
owner will therefore directly benefit from reduced operating expenses for these
common areas. Owners can include language in new leases (or in negotiated
lease amendments) that transfers energy saving benefits to the owner, provided
the owner invested the capital to produce those savings. Under net leases, how
electricity use is metered, along with the specifics of lease terms, will determine
the extent to which costs can be passed on to the tenant. Where electricity use
is monitored by the owner using a submeter (rather than a direct utility meter),
electricity expenses may be considered part of the tenant’s business operating
expenses, but not part of “Operating Expenses,” as legally defined in the lease.
While this distinction may seem trivial, in such cases an owner may not be able
to exercise a common lease clause allowing recovery of capital project costs that
reduce “Operating Expenses.”

Figure 2. Allocating Savings in a Fixed-Base Lease

$2.00/SF $1.60/SF
Energy Cost Energy Cost
BEFORE AFTER

Upgrade Upgrade

$2.00/SF in YR1

$1.90/SE T.aves $0.10/SF
HEXpEnse Stop! = e — e -
for Energy

Requires the

Tenant to Pay

Energy Costs

Above $1.90
Per Square Foot

SAVE
$0.40/SF

L saves $0.30/SF

L =$1.90/SF L=g1.60/sF | $1.60/SF in YR2

Source: Mark Jewell, Real WinWin, Inc.
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e Fixed-Base Lease. Owner pays utilities up to a specified amount, called the “expense
stop.” Because the tenants are responsible for any expenses above the expense stop, it
is the tenant who will experience the cost savings that result from energy efliciency
measures. In such cases, tenants may be willing to contribute some capital to the project
to gain long-term savings and other benefits of retrocommissioning. If utility expenses
dip below the expense stop, the owner will benefit by a decrease in energy costs. If
current year operating expenses are not significantly higher than the “base year” or
“expense stop,” the owner could capture virtually all of the energy cost savings.

Figure 2 illustrates how energy savings might be allocated between a tenant (T) and
the owner/landlord (L) in a fixed-base lease. In this lease structure, the owner pays
operating expenses up to the “expense stop” at $1.90 per square foot; any expenses over
that amount are paid by the tenant. Here, retrocommissioning reduces annual energy
cost from $2.00/ft* to $1.60/1t°, with an associated reduction in annual operating
expenses of $0.40/1t”. Because of the “expense stop,” the tenant receives $0.10/ft* in
energy savings, while the owner realizes $0.30/1t* in energy savings.

Lease Structure and Operating Expenses

In situations where the owner is responsible for some or all of" a property’s
operating expenses, successful retrocommissioning could generate real savings
for that owner. This is most obvious in the case of a gross lease, where the
owner pays all operating expenses. However, even in situations where the
owner agrees to absorb the cost of operating expenses only up to a certain
“expense stop” or “base year” level, the owner would benefit if operating
expenses fell below that level. And in situations where the tenant’s share of
operating expenses escalates according to a formula that is not tied to actual
operating expenses (e.g., an agreed-upon annual percentage increase), the
landlord would directly benefit from any operating expense savings because he
would not be required to pass those savings along to his tenant.

[t is important to remember that operating expenses include more than
Just energy costs. Housekeeping, security, roads and grounds, repairs
and maintenance, and administrative expenses are often included as
well. Cost increases in other operating expense categories could offset
reductions in energy expense. In the case of a gross lease, the landlord
would still benefit because operating expenses would have been even
higher without these energy-saving measures. With a fixed-base lease,
however, reducing operating expenses to a level that is below the base
year (which would generate real savings for the landlord) could be
outweighed by an increase in another expense category. Moreover, once
the tenant has begun to pay escalations (i.e., that portion of expense
that is above the “expense stop” or “base year” level), it is the tenant that
captures any savings that occur above the base level, while the landlord
would capture any savings that occur below.
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Increasing Asset Value of Income-Producing Properties

Improvements that reduce energy costs also can increase a property’s asset value, even
in cases where property turnover is fairly quick. While the value of energy efficiency
investments may not be obvious for a company that regularly buys and sells properties,
savvy real estate investors understand that increasing their net operating income (NOI)
through retrocommissioning is a cost-effective way to raise asset value. Operating
expense savings captured by the owner will drive their NOI higher, which in turn
supports a higher appraised value of the building. Keep in mind that appraisal value

is not only important when a building is sold; a high appraisal value is also critical for
owners wishing to leverage the property’s accumulated equity. Owners who choose to
refinance their properties during the holding period can benefit from the larger amount
of capital that can be withdrawn with a higher asset value.*

While there are several ways to appraise property value, the Income Approach is the most
common method used to value income-producing buildings. This approach calculates
building value by dividing the property’s NOI by the current market capitalization rate
(the market capitalization rate is determined by evaluating financial data for similar
properties that have recently sold in a specific market):

Asset Value = Net Operating Income
Capitalization Rate

Retrocommissioning can improve NOI through stabilized or increased revenues that
result from improved tenant comfort. Specifically, NOI for a given property will increase if:

e Improved tenant comfort allows the building owner to raise rents (or stabilizes
rents during a down cycle in the leasing market) by making the building a more
desirable place to live or work.

e As aconsequence of improved tenant comfort, occupancy improves (or is
maintained in a very competitive leasing environment). Also, owners will likely
experience lower tenant turnover when tenants are comfortable and less apt to
move.

Both higher rental rates and higher occupancy levels increase rental revenues. Add to
this the operating cost savings realized from optimizing the building’s energy-using
systems and the result is a higher NOI that easily translates into higher asset value
(assuming a stable capitalization rate).

4 Information in this section is summarized in part from the following publication: Jewell, Mark. Real WinWin, Inc.
“Understanding the Value of Commissioning in Income-Producing Office Buildings,” Proceedings of the National Conference
on Building Commissioning (Palm Springs, CA, May 20 — 22, 2003).
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INDIRECT BENEFITS

The benefits of retrocommissioning go beyond reduced energy costs. While more
difficult to quantity, these benefits should not be overlooked. Retrocommissioning can
reduce maintenance costs, extend the life of building equipment, improve employee
productivity, and improve indoor air quality. Even though these benefits may not yield
direct monetary paybacks, they can generate associated cost savings. The dollar value of
non-energy benefits alone can offset the cost of a project by 50 percent.®

In an analysis of commissioning project results, more than half of building owners
reported benefits that went beyond energy savings. Extended equipment life and improved
indoor thermal comfort were the most prevalent. Other retrocommissioning benefits (in
order of decreasing incidence) included improved indoor air quality, first-cost reductions,
labor savings, improved productivity/safety, fewer change orders and warranty claims, and
liability reduction. Figure 8 below displays the percentage breakdown of" these impacts.
Where the economic value of these non-energy impacts was quantified, the value of the
savings ranged from $0.10 to $0.45/ft* with a median value of $0.18/ft* ($17,000 of savings
per project).

Figure 3. Reported Non-Energy Impacts
(Existing Buildings)

Change Orders and

Warranty Claims
59, Other First Cost

10%

Liability
1%
3 Equipment Life

0,
Productivity/Safety S
5%
Ongoing Labor Cost
7%
Indoor Air Quality Thermal Comfort

17% 21%

36 Projects (81 benefits) Source: Lawrence Berkeley National Laboratory, “The Cost Effectiveness of
Commercial-Buildings Commissioning,” December 2004

5 The data in this section is based on information provided in the following publication: Mills, E., H. Friedman, T. Powell, N.
Bourassa, D. Claridge, T. Haasl, and M.A. Piette. 2004. “The Cost-Effectiveness of Commercial-Buildings Commissioning,”
Lawrence Berkeley National Laboratory. http: //eetd.lbl.gov/EMills/PUBS/Cx-Costs-Benefits.html
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Case Study: Symphony Towers

The Chiet Portfolio Engineer of the Irvine Company, Inc., a 140-year
old commercial real estate firm, decided to launch a retrocommissioning
project, recognizing the importance of' optimizing building performance
as well as the value of the whole building engineering analysis offered by
retrocommissioning. Ot the more than 400 commercial office spaces in
its porttfolio, the company identified a building in downtown San Diego
that qualified for a local utility incentive as its first candidate. Built in
1980, Symphony Towers is 714,000 square feet and has 34 stories.

The retrocommissioning project identified potential annual cost sav-
ings of $65,000. The high savings opportunities identified, coupled with
relatively low implementation costs and program incentives, resulted in
a payback of only four months for the project. Even without the utility
incentives the payback would be a reasonable 14 months.

Investigation and Implementation

Through an in-depth operational analysis and close collaboration with
building staff, the retrocommissioning provider identified several signifi-
cant savings opportunities, including:

e Correcting uneven flow through the cooling tower
Improving chiller sequencing

Adjusting chilled water temperatures and setpoints
Reducing cooling system night operation during the summer
Optimizing the control of air-handling units (AHUs)

In all, seven energy-saving measures were selected and implemented in
less than four months.

Project Costs and Savings

e Estimated annual kWh savings: 497,000 kWh

e [Estimated annual cost savings: $65,000

e Total project cost: $76,600, including investigation and
implementation

Total program incentive: $52,800

Net owner cost: $23,800

Simple payback: 4 months

Simple payback without incentive: 14 months

Non Energy Benefits

e Improved cooling tower operation and reduced maintenance costs

e Increased chiller efficiency and reduce chance of premature failure

e Quality documentation and training for building engineers

e Performance tracking of implemented measures and feedback to
building engineers

e Improved tenant comfort

Source: The Irvine Company and the San Diego Gas & Electric (SDG&E®) Retrocommissioning Program
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Crown Plaza is a 311,000 square foot office building built in 1979 and located
in Portland, Oregon. In 2005, the building’s owner applied to participate

in the local retrocommissioning incentive program, which included a full
retrocommissioning investigation of the property, as well as incentives to
support implementation of measures. The retrocommissioning investigation
identified many hidden problems and opportunities for improvement. The
implemented measures included optimizing the supply fan duct static
pressure set points, reducing reheat and increasing the number of hours

the building is in economizer mode, trimming impellers on oversized chilled
water pumps, and shutting terminal units in unoccupied floors during
weekend occupancy. In addition, lighting in the parking garage, which had
been used 24 hours a day, seven days a week, is now scheduled. The building
owner implemented a total of 19 identified measures, reducing annual energy
expenses by an estimated $53,967.

Project Cost (including incentives): $47,100

Estimated Annual Cost Savings: $53,967

Estimate Annual kWh Savings: 775,339 kWh

Simple Payback: 0.87 years

Non-Energy Benefits: Increased equipment life, including chillers and pumps;
reduced replacement costs for lighting in the parking garage; improved control
of equipment such as air handlers, air terminal units, and chillers.

Source: Byron Courts, Director of Engineering Services, Melvin Mark Company, August 2007.

The Ronald V. Dellums Federal Building is a 1.2 million sq. ft. office
building built in 1994. In 2001, the building’s owner (U.S. General
Services Administration) hired a commissioning provider to install new
software for the building’s control system as a way to improve energy
performance. In the initial assessment, the provider discovered that air
handlers were operating inefticiently and poor programming required
building operators to run the central chiller plant manually. The provider
recommended that the owner retrocommission the building to eftectively
reduce the building’s energy use. Retrocommissioning identified several
low-cost and relatively simple operations improvement opportunities
with dramatic savings potential. The implemented measures, which
included relocating sensors, optimizing the static pressure setpoint, and
repairing the economizer dampers, saved the owner $66,981 in annual
utility expenses — providing a payback period of less than one year.

Project Cost: $35,000

Size: 1.2 million sq. ft.

Energy Benefits: $66,981 in annual utility expense savings

Non-energy Benefits: Reduced staft” time to manually operate systems, more
efficient operations, increased controls stability, extended equipment life, bet—ter
facility staft understanding of” systems operation and diagnostics set-up.

Source: California Commissioning Collaborative, http://www.cacx.org/resources/commissioning.php
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COSIS OF RETROCOMMISSIONING AND
STRATEGIES TO REDUCE THEM

While retrocommissioning is cost effective for most buildings, it is important to
understand its costs, as well as the strategies for reducing them, to ensure the greatest
return. This section summarizes typical expected costs for a project and highlights cost-
saving strategies.

Costs

[t is important to bear in mind that retrocommissioning costs, like the process itself, are
unique to each project. Variables affecting both include:

e Scope of the project

e Number and complexity of systems

e Size of the facility

e Equipment age and condition

e Commissioning service provider rates

e Level of on-site staft’ knowledge interfacing with the project
e Presence of an extensive O&M program

The retrocommissioning provider’s fee is the most obvious cost, but sometimes the cost
of other team members (internal staft and/or outside contractors) participating in

the process and that of correcting the identified problems are also included. Lawrence
Berkeley National Laboratory’s study of 100 existing buildings® (varying in type and

Figure 4. Commissioning Cost Allocation
(Existing Buildings, N=55)

Verification &
Persistence Tracking
29, Reporting
2%

Implementation
2%

Planning &
Investigation

69%

Source: Lawrence Berkeley National Laboratory, “The Cost Effectiveness of Commercial-Buildings
Commissioning,” December 2004. Represents $5.2 million for whole sample (2003 dollar).

6 Mills, E., H. Friedman, T. Powell, N. Bourassa, D. Claridge, T. Haasl, and M.A. Piette. 2004. “The Cost-Effectiveness of
Commercial-Buildings Commissioning,” Lawrence Berkeley National Laboratory.
http: //eetd.lbl.gov/EMills/PUBS/Cx-Costs-Benefits.html
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size) found that retrocommissioning provider fees ranged from 35 to 71 percent of total
retrocommissioning costs, with a median value of 67 percent. The largest percentage

of costs for a project was for investigation and planning phase activities (69 percent),
tollowed by the actual implementation of measures (27 percent). See Figure 4 opposite.
For the buildings in this study, the median investment in commercial retrocommissioning
projects was $33,696, or about $0.27 per square foot in 2003 dollars (see Figure 5 below). On
a square foot basis, total costs ranged from a low of $0.03 to a high of $3.86 per square foot.

Figure 5. Existing Buildings Commissioning:
Cost, Savings, and Payback Times

Source: Lawrence Berkeley National Laboratory, “The Cost Effectiveness of
Commercial-Buildings Commissioning,” December 2004

Budgeting for Retrocommissioning

Often, retrocommissioning will identify quick fixes that can be implemented without
significant additional investment. For example, energy savings are commonly found by
identifying equipment that is running when it is not needed. A simple change in the control
system is all that it takes to capture these savings. The provider, however, may also identify
measures that cannot be paid for in the current operations and maintenance budget. In these
cases, the commissioning provider can assist in prioritizing improvements, and owners can
actively plan in their upcoming budget cycles to accommodate the opportunity.

While it is possible to stage implementation of measures, it may not be cost effective to
conduct a retrocommissioning investigation that does not continue on to implementation.
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[t is therefore advisable, where possible, to plan for the costs of larger measures from the start
of the project, so that commissioning services can be most effectively utilized and the greatest
savings realized. There may be financial incentives available from utilities and state programs,
which will buy-down the cost of retrocommissioning. These incentives should be a factor in
any analysis of the overall cost of the project and recoverable and non-recoverable expenses.

Case Study: Retrocommissioning at Marriott

The competitiveness of the luxury hotel industry requires hotel business
owners to continuously work to increase revenue — which means aggressively
pursuing lower operating costs. A retrocommissioning project at the hotel
determined that reactivating the parking garage’s demand controlled
ventilation system could save hotel $60,000 in electricity costs per year.
The full retrocommissioning project identified improvements with energy
reduction potential of 8.4 % in Phase 1 of the project, and another 10.6%
in potential savings for future implementation. Some additional benefits
of the project included improvements to chilled water capacity, reduced
chiller runtime (which will increase chiller life), documented operation and
maintenance procedures, and training for the hotel’s O&M statt.

“At Marriott, we’'ve found that retrocommissioning saves us time and
money. At one property, we expect to save nearly $500,000 annually in
energy costs from implementing retrocommissioning measures - and the
project will pay for itself in less than one year. We're using the [local
utility ] RCx program to continue our efforts in this area.”

-E.J. Hilts, Regional Energy Manager for Marriott (Western Region)

Source: Portland Energy Conservation, Inc.

Strategies to Reduce Costs of Retrocommissioning

There are strategies that owners can use to reduce the costs of’ retrocommissioning and
increase the effectiveness of* the project. These include sharing costs with tenants and
reducing retrocommissioning costs by involving building staff in the projects.

Cost Share with Building Tenants in Income-Producing Properties
Whether the costs associated with retrocommissioning are considered capital expenses or
operating expenses determines if and how those costs can be shared with tenants (see p. 8).

Retrocommissioning as a Capital Expense

When retrocommissioning is undertaken in the context of an energy-saving capital
improvement project, the cost of retrocommissioning may be rolled up into the cost of
the project itself, and therefore be treated as a capital expense. In an income-producing
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property, it may be possible to pass capital expenses through to tenants, depending on
the type of lease in place (see p. 10).

Owners should be aware, however, of the implications involved in passing on the capital
expenses of retrocommissioning. Doing so may limit recovery of the investment to a
certain amortization schedule (e.g., the useful life of the equipment) or to the amount of
savings actually realized by the tenant(s). If a lease limits pass-throughs to the amount
of savings realized by the tenants, the owner may need to document the allocation of
the project’s savings between the building owner and each tenant. If the lease does

not specifically address the topic of operating-expense reduction pass-throughs, the
building owner could draft a lease amendment or simple side letter agreement that would
allow the owner to recover energy savings investment costs from the tenants. Such
amendments should contain quantitative evidence that the proposed capital project will
produce savings for the tenants.

Retrocommissioning as an Operating Expense

The cost of retrocommissioning can also be considered an operating expense, since

it focuses on improving the operation of energy-using systems. Again, lease terms

will determine whether operating expenses can be passed along to the tenants. The
circumstances driving an owner’s decision to retrocommission will influence this
decision. Where the purpose of retrocommissioning is to address tenant complaints
about comfort or respond to abnormally high energy costs, the owner may choose to
pay the full cost of retrocommissioning. In cases where the building’s leases are “fixed-
base” leases, and the owner anticipates a large amount of new leasing activity in the
near future, the owner may opt to absorb the commissioning expense so that it will

not raise the “base year” expenses that are factored into new leases. In other cases,

the owner may include commissioning costs in tenant-reimbursed operating expenses,
allocating the costs across two (or even three) years to minimize any distortion on
base years for future leases. If investing in retrocommissioning and any related capital
improvements would likely produce significant savings for all tenants, an owner might
choose to claim a portion of the commissioning expense, and then pass the rest through
to the tenants (along with the cost of any recommended capital improvements) to the
tullest extent permitted by the lease.”

Involving Facility Staff to Save Time and Money

Leveraging facility staft’s first-hand knowledge of the building can reduce the time

needed by the provider to uncover building inefficiencies. There are many tasks that
skilled staft can undertake to help streamline the process and increase the effective-
ness of the commissioning provider’s time.

7 Information summarized in part from the following publication: Jewell, Mark. RealWinWin, Inc. “Understanding the Value of
Commissioning in Income-Producing Oftice Buildings,” Proceedings of  the National Conference on Building Commissioning
(Palm Springs, CA, May 20 — 22, 2003).
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Provide a List of Opportunities

Building operators know their buildings best and are often aware of the opportunities
that exist for improving performance. During the initial phase of the project the facility
staff’ should develop a list of existing potential improvements and known problems to
share with the commissioning provider. This can help focus the investigation activities.

Gather Documentation

One of the first steps in retrocommissioning is to compile an up-to-date building
documentation package including any written sequences of operation. Facility staff can
assist with gathering available documentation. The more complete the documentation,
the less time the commissioning provider needs to fill in the gaps. Often, documentation
may not be available or the documentation that is available may not accurately reflect the
current operating condition of the building or its equipment. If documentation is not up-
to-date, building staft should, if possible, revise it prior to the initiation of the project or
be prepared to discuss the undocumented changes with the commissioning provider. The
provider should be given available documentation prior to the site visit, to allow them to
learn as much as possible about the building ahead of time. At minimum, all building
documentation should be made available on-site for the commissioning provider during
the site visit.

Perform Scheduled Preventative Maintenance

Facility staff or an outside maintenance service contractor should complete scheduled
preventive maintenance before the retrocommissioning Investigation Phase begins so the
process isn't delayed by simple maintenance issues. Delays in the retrocommissioning
process because of dirty filters, loose belts, broken dampers, or loose electrical connections
can increase costs.

Assist with Diagnostic Monitoring, Trend Logging, and Functional Testing
It may be useful to have facility staft members assist with the short-term diagnostic
monitoring, trend logging, and functional testing that occurs during the investigation
phase of the project. This can reduce project costs, as well as provide the building
staft with experience that they can apply later. If building statf are trained to initiate
trend logs using the building’s energy management control system (EMCS), a
commissioning provider can reduce time spent on the task, and the owner will not need
to hire a controls contractor for this task when the project is finished. Depending on
availability, knowledge, and capabilities, facility staff also may be trained to assist with
the installation and removal of portable data loggers used for short-term diagnostics
and carrying out functional test plans. In addition to reducing costs, this exposes statf
to different approaches for troubleshooting problems and investigating and veritying
equipment performance. Observing diagnostic trending and testing will improve

staft understanding of equipment and control strategies and enable them to retest or
recommission systems periodically as part of the facility’s ongoing O&M program.
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Perform Repairs and Improvements

Retrocommissioning costs also can be reduced by using facility staft’ to perform repairs
and improvements that would otherwise require outside contractors. The success of this
approach hinges on staff training, knowledge, and time to carry out the work. Facility
staff workloads should be assessed to determine how schedules and workloads might
accommodate any additional work brought on by retrocommissioning.

Case Study: The Hatfield Courthouse

In 2008, the U.S. General Services Administration (GSA) initiated a full
retrocommissioning (RCx) study of a federal Courthouse located in Portland,
Oregon. The Hatfield Courthouse, built in 1997, has a total of 21 floors and a
gross square footage of 591,689 sq. ft. The GSA’s RCx goals included:

Improve occupant comfort

Identify O&M and energy efficiency improvements

Train the building operators on how to help improvements persist
Review and enhance building documentation

Investigation involved reviewing the building’s documentation and utility
bills, inspecting building equipment, interviewing building operators, testing
selected equipment and systems, and extensive trending of the heating,
ventilating and air conditioning (HVAC) control system. The investigation
process identified 29 findings which addressed GSA’'s RCx goals.

The implementation process involved coordinating efforts among the
commissioning provider, facility staft, and building services contractors.
Twenty-three of the 29 recommendations to address these findings were
implemented. This process resulted in a 10% reduction in energy use and
significant improvements in building comfort and system operations.

Retrocommissioning increased the building’s EPA energy performance rating
from 65 to 75, allowing the building to receive an ENERGY STAR"label.

To ensure lasting benefits from retrocommissioning and achieve savings
persistence, GSA is employing a “ongoing commissioning” approach.

The Numbers:

e Annual Utility Cost Savings: $56,000 (a 10% reduction of the facility’s
current utility expenditures) implemented, with $30,099 in energy
saving improvements planned for future implementation.

e RCx Cost (investigation and implementation, including implementation
project oversight costs): $172,459 - incentives and tax credits = $149,450

e Total RCx Cost: $0.25 per sq. ft.

e RCx simple payback: 2.7 years

Source: GSA and Portland Energy Conservation, Inc.
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Selling Retrocommissioning from Within

Facility managers or directors may need to sell retrocommissioning to the building owner,
property managers, or other senior level decision makers to get approval or “buy in” for
the project. Managers faced with this challenge have a much better chance of generating
support and obtaining the desired approvals if they present decision makers with a proposal
that provides a solid business case for retrocommissioning,

An effective case for a retrocommissioning project clearly demonstrates how the benefits
of retrocommissioning outweigh the costs. Thus, it is important that proposals for
retrocommissioning present information that clearly lays out the project’s estimated costs
and benefits. A strong proposal also identifies cost reduction strategies when outlining
the associated costs, and highlights how the energy savings and other benetits offer the
owner a short payback period on the investment.

Keep the following points in mind when making the case for a retrocommissioning project:

Typical Benefits of Retrocommissioning:

o Identifies and addresses system inefticiencies that can cause the building owner
and/or tenants to incur high operating and maintenance costs, as well as
premature replacement costs.

e Improves the building’s overall performance by optimizing energy-efticient
design features and directly addressing issues like equipment performance and
system integration.

e Helps drive down building operating expenses — generating a higher NOI and an
increased asset value for the property.

¢ Reduces comfort complaints that lead to tenant turnover.

o Identifies potential indoor environmental quality issues and helps assuage
occupant complaints.

e Ensures that building operations meet owner expectations.

e Provides benefits beyond energy savings which can generate associated revenue.
These benetits include extended equipment life, improved thermal comfort and
indoor air quality, labor savings, increased productivity/safety, and liability
reduction.

e Verifies that building staft are well-trained and have the documentation they need to
effectively and efficiently operate and maintain the building;

e Provides indirect cost savings and improvements — owners and building managers
benetit from improved equipment performance and system operations, and building staff
receive training and improved documentation.

Associated Costs of Retrocommissioning:

e Retrocommissioning provider’s fee.

o TFacility staff time and cost of including other professionals in the
retrocommissioning process.

e Cost of correcting the problems identified by retrocommissioning.
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While costs vary depending on the complexity of the systems and project goals,
recent studies show typical retrocommissioning project costs to be about $0.27
per square foot.?

Cost Reduction Strategies:

Using facility staft to undertake tasks to help streamline the process and increase
the effectiveness of the commissioning provider’s time.
Sharing costs with building tenants where possible under lease terms.

Demonstrating Cost-Effectiveness:

Retrocommissioning costs are most often offset by energy savings. Energy-
saving improvements can yield simple paybacks ranging from a few months to
two years.

It has been estimated that the dollar value of retrocommissioning non-energy
benetits can offset the cost of a project by 50 percent.’

8

Mills, E., H. Friedman, T. Powell, N. Bourassa, D. Claridge, T. Haasl, and M.A. Piette. 2004. “The Cost-Effectiveness of
Commercial-Buildings Commissioning,” Lawrence Berkeley National Laboratory.

http: //eetd.lbl.gov/EMills/PUBS/Cx-Costs-Benefits.html. Retrocommissioning costs include investigation and
implementation.

Mills, E., H. Friedman, T. Powell, N. Bourassa, D. Claridge, T. Haasl, and M.A. Piette. 2004. “The Cost-Effectiveness of
Commercial-Buildings Commissioning,” Lawrence Berkeley National Laboratory.

http: //eetd.lbl.gov/EMills/PUBS/Cx-Costs-Benefits.html. Data on non-energy benefits is from 10 buildings.
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3. PROJECT BASICS

his section summarizes the steps in a retrocommissioning project,

explains the various roles and responsibilities of the team members
and culminates with a check list of “Key Strategies for Success.” The
purpose of this section is to distill the more detailed information that
tollows in order to give owners a quick understanding of the process and
what key elements lead to a successful project with lasting benefits.

Highlights:

Overview of the retrocommissioning process
* Roles and responsibilities of retrocommissioning team members
* Key areas for owner involvement
e Use of other outside contractors
* Key Strategies for Success
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Figure 6: Retrocommissioning Process Overview

4 )

Planning Phase

Investigation Phase

Implementation Phase

Hand-Off Phase

Ongoing

Operations

A RETROCOMMISSIONING GUIDE
FOR BUILDING OWNERS

Select a building
Detine RCx objectives
Assemble a team

Develop a Retrocommaissioning Plan

Review facility documentation

Perform diagnostic monitoring & testing

Develop Master List of Findings

Prioritize and select RCx
improvements

Develop Implementation Plan

Implement selected operational
improvements

Verify results

Develop an Implementation Report

Develop Final Report

Develop Recommissioning Plan &
recommend persistence strategies

Conduct staff training

Hold close-out meeting

Implement persistence strategies



Jojdoy

RETROCOMMISSIONING PROCESS OVERVIEW

A well-planned and executed retrocommissioning project generally occurs in four
Phases: Planning, Investigation, Implementation, and Hand-off (as shown in
Figure 6). These are followed by ongoing activities to ensure that benefits continue,
often referred to as “persistence strategies.” The more detailed flow chart (p. 41) at

the end of this section outlines a typical retrocommissioning process and highlights
the major work products (deliverables) coming out of the process. There is, however,

no one-size-fits-all approach to retrocommissioning. Several factors affect how
retrocommissioning may be executed — the condition of the facility, scope and budget of
the project, size and complexity of the facility and availability of in-house resources and
expertise. These differences do not commonly cause a project to divert significantly
from the basic process.

Who is the *Owner™?

During the retrocommissioning process, the “owner” can be represented
by any upper level manager with a vested interest in the project, a director
or chief of engineering, or the property or facilities manager. In all cases,
the owner’s representative should be an active “champion,” who is involved
throughout the project and can secure the necessary senior management
support to ensure that the project moves forward successfully. The owner
should be a strong advocate for the retrocommissioning project; this
support allows the project to progress smoothly, correct more building
problems, and produce greater benefits.

BREAKING DOWN THE PROCESS
Phase 1: Planning

The primary tasks for the Planning Phase are to:

1. Screen potential candidate buildings for suitability, including analyzing the
energy use per square foot and generating an initial benchmark score using the
EPA energy performance rating system.

2. Select a candidate building.

Define goals and objectives for the project.

4. Select and hire a retrocommissioning service provider and assemble the team
that will see the project through to completion.

5. Develop a retrocommissioning plan, including projected costs and savings
associated with the project.

While the majority of buildings can benefit from retrocommissioning, this guide
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provides tips on identifying those projects that will be the most cost effective. Owners
and property management firms with building portfolios can look across their holdings
to identify promising candidates for retrocommissioning. Determining factors include:

e The age and condition of a building and its equipment
e Existing known comfort problems

o Utility costs

e Lease agreements

e Potential for return on investment to owner

e Availability of utility and state incentive programs

Projects are usually led by a third-party commissioning provider with varying degrees of
involvement by the building owner and statf. Some building owners and managers manage
their own commissioning projects, bringing in a commissioning expert only for certain
tasks. Chapter 4 discusses how to determine the most appropriate approach.

To develop a scope of work, the commissioning provider conducts an on-site visit, talks
with O&M staft, and reviews current operating conditions at the facility. After gaining a
clear understanding of project goals, the commissioning provider identifies opportunities
tor operational improvements in the building. The scope of work is a proposal negotiated
between the commissioning provider and the owner that provides an outline of
the processes and procedures to be undertaken; a schedule of activities; roles of team
members; and sample forms and templates that the commissioning provider will use to
document the retrocommissioning activities.

Phase 2: Investigation

The primary tasks of the Investigation Phase are to:

e Understand how and why building systems are currently operated and maintained,
e Identify issues and potential improvements, and
e Select the most cost-effective improvements for implementation.

The focus of Investigation activities depends on the scope and objectives of the project.
Often, the commissioning provider looks at all aspects of the current operations and
maintenance (O&M) program in the building, as well as the management structure,
policies, and user requirements that influence them. Investigation tasks typically include:

e Interviewing management and building personnel

¢ Reviewing building documentation and service contracts

e Inspecting the building and its sub-systems and equipment components
e Spot testing equipment and controls

¢ Gathering and analyzing HVAC and lighting data

e Inspecting the building and its subsystems and equipment components
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e Developing a list of recommended system improvements and estimated costs and
savings associated with those improvements

The commissioning provider will produce a report for the owner at the end of the
Investigation Phase, describing the specific findings uncovered and identifying potential
costs and savings. The owner should discuss these findings with the provider and
understand not only the payback period, but also associated non-energy benefits such as
increased comfort. At this time, the owner selects which “retrocommissioning measures”
to implement in the next phase.

Phase 3: Implementation

The primary tasks of the Implementation Phase are:

1. Implement selected measures
2. Update energy savings calculations as necessary
3. Verify that measures have been implemented correctly

In this Phase, the selected retrocommissioning measures and recommendations from the
investigation report are implemented. Implementation can be carried out by the commissioning
provider, building staff; or individual subcontractors. Most commonly, however, there is a
mix of individuals involved, depending on staft availability and expertise, existing equipment
warranties, existing maintenance contracts, the scope of work, and the budget.

Once the selected measures are implemented, the team needs to verify that they
are performing as expected. The verification process should set a baseline for each
improvement so that performance can be tracked to ensure the benefits persist.

Phase 4: Hand-Off and Implementation of Persistence
Strategies

The primary tasks of the Hand-Oft Phase are:

Complete a final report summarizing each improvement

Conduct facility staft training

Hold a project close-out meeting

Generate a post-retrocommissioning EPA energy performance rating
Develop persistence strategies including a recommissioning or ongoing
commissioning plan

T T

S

The Hand-Off Phase completes the retrocommissioning process. During Hand-Off,
the commissioning provider produces a final report documenting the process and its
tindings, conducts facility staff training, and holds a project close-out meeting with
the owner and facility statf. Persistence strategies should be put in place at this time to
ensure the improvements last.
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THE STRUCTURE OF THE RETROCOMMISSIONING

TEAM

"The first responsibility of the owner’s representative is to put together the retrocommissioning team. A
team approach fosters the collaboration necessary to get the greatest impact from retrocommissioning;

Table 1. Typical Retrocommissioning Team Member Roles and Responsibilities

Participant

Roles and Responsibilities

Building Owner or
Owner’s Representative

Create and support team, provide information and
resources needed for the project, clearly communicate
goals and expectations.

Facility Staff

Ensure system maintenance is performed (e.g. belts are tight,
equipment has been serviced, and sensors are calibrated)
before systems are tested. Work with commissioning
provider to perform tests and verify system operation.

Commissioning Provider

Assist in developing a scope of work. Identify measures
and develop report detailing opportunities. Work

with facility staft’ to perform tests and verity system
operation. Assist the owner’s team in developing scopes
of work for the contractors implementing the measures.

Contractor or Manufacturer
Representatives as needed

Pertorm work as outlined in existing service contracts
that cover O&M of the building’s HVAC, controls, and
electrical systems. Test equipment and/or implement
measures that pertain to the equipment they installed

Controls Contractor

Assist in setting trends and modifying the sequence of
operations to meet test conditions if commissioning
provider (or facility staff) is not familiar with the control
system. Assist with implementation of controls-related
tixes and improvements.

Design Professionals Provide additional expertise regarding design issues
uncovered during investigation. Assist in coordinating
retrocommissioning with a retrofit project.

Testing Spectalists Assist the commissioning provider with complicated

testing or with equipment that requires special expertise.

A team also facilitates open communication. This is essential to a successful project for

the following reasons:

¢ Building staff often know which upgrades and O&M activities can improve building
performance, but do not have the time to evaluate what it would take to make
improvements or pitch a proposal to financial decision makers. Building staff can provide
valuable information to the commissioning provider if retrocommissioning is approached
as a collaborative process in which everyone brings skills and knowledge to the table.
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e Involvement of the owner is critical to keep the project moving, achieve the greatest
benefit, and ensure benefits last over time. Engaging with the team, clearly expressing
project goals, and encouraging collaboration between the commissioning provider and
building staft’ will all contribute to the successtul implementation of the process.

In structuring the team, key decision makers should be clearly identified. This process is essential
to implementing the improvements recommended as part of the retrocommissioning process.

Determining Roles

While the table above recommends general roles and responsibilities for team members,
specific roles may shift as a result of budget limitations, unique building requirements,
and facility staff expertise and availability. Finding the right balance between
responsibilities for facility staft and the outside commissioning provider can be tricky and
requires a good understanding of the capabilities of the individuals involved.

A third-party commissioning consultant is usually hired to lead the retrocommissioning
effort. A building or facility manager, however, can manage the project and bring in

a commissioning expert to assist with certain tasks. While it may be advantageous

for the building staft” to play a central role in a retrocommissioning project, having a
commissioning expert provide consultation is recommended, especially for large or
complex projects and buildings with highly-integrated, sophisticated systems.

Four approaches for using a third-party commissioning provider include:

1. Commissioning provider oversees and implements the retrocommissioning
process through all phases. This “turn-key” approach works well for owners
who have one or more buildings with no on-site staff, or minimal staft with
little time or training. The provider leads the project, manages any necessary
subcontracts, and is solely responsible for ensuring that the owner’s goals and
expectations are being met through each phase of the process.

2. Commissioning provider leads the process, but divides assessment work with
facility staff. This arrangement works particularly well when facility staft” has previous
experience in commissioning; or has expert-level knowledge of" building systems.
Arrangements such as these should be considered an active partnership between the
tacility staft and the commissioning provider, leveraging in-house expertise as much as
possible through all phases of the process to reduce consulting costs.

3. Commissioning provider works closely with facility staff on initial projects,
and in-house staff proceed independently with future projects. Owners
with multiple buildings and well-trained and available staff may want to hire a
commissioning provider to work with the building staft’ for the first one or two
buildings that undergo retrocommissioning. After the building staft is trained in
the process, they can proceed with retrocommissioning the rest of the buildings.
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4. Commissioning provider works closely with facility staff on initial project
and is retained as a consultant to perform advanced tasks on future projects.
This is similar to the third approach in that the in-house staff works to take on
the role of the commissioning provider. In this approach, however, the third-party
commissioning consultant is retained for future projects to oversee critical parts
of the assessment or advanced tasks such as functional testing, data analysis, and
savings estimates and calculations.

CAUTION: While it may be tempting to have existing facility staft
shoulder the majority of the retrocommissioning work, the key is to

strike the right balance. If owners expect too much from staft, the

process may stall or stop altogether. It may be helpful to think of the first
retrocommissioning project as a skill-building opportunity for everyone,
and to increasingly rely on in-house expertise with each successive project.

Good reasons to have a third-party commissioning provider lead the
retrocommissioning process include:

e The owner or manager may not have the time or staft resources to participate
in the process or the in-house skills to perform the in-depth assessment that is
required during the retrocommissioning process.

e Consultants specializing in commissioning and O&M services have significant
experience to draw upon, enabling them to offer a fresh perspective on a building.
A third-party provider has no preconceived notions about how the building should
perform, and has no vested interest in maintaining the status quo.

e Commissioning providers are “tooled” for performing the work since they
generally use data loggers, functional test forms, power monitors, and other
specialized tools on a regular basis. Most have proven assessment and testing
procedures that can be customized to fit a specific building.

e Engineering analysis is the specialty of the commissioning provider, who has the
analytic skills and resources needed to diagnose hidden problems and determine
the cost-eftectiveness of selected improvements.

Table 2 shows the way roles were split for a large corporation with a highly
experienced facility staft’ dedicated to the project. In this case, the energy manager
developed an in-house retrocommissioning program to be used across all their facilities.
The commissioning provider served as a consultant for testing systems, analyzing data,
and training building staff throughout the process.

10 Haasl, Tudi, Robert Bahl, E.J. Hilts, and David Sellers. Appropriate Use of Third Parties in the Existing Building
Commissioning Process — An In-house Approach to Retrocommissioning. World Energy Engineering Congress. (2004).
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Table 2. Sample Breakdown of Roles and Responsibilities

between In-House Facility Staff and Third Parties

In-House Team Third Parties
(Commissioning Provider and Subcontractors)

Design program Act as resource
Conduct EPA . .

ondue cnersy Review — assist as needed
performance rating
Utility bill analysis Review — assist as needed
Gather building documentation Review

Create maintenance checklists

. . Focus and train staft on operational improvements
(scheduled preventive maintenance)

Conduct functional tests and data analysis

Assist provider in data gathering (look at the root cause)

Implement easy to fix Assist with resolving design and complex
Improvements implementation issues

Provide ongoing tracking and

. . Provide ongoing support as needed
preventive maintenance

Obtain approval to implement Assist staft’ in developing the implementation pro-
improvements posal to upper management

Involving Facility Staff

While some building owners or managers may be tempted to undertake retrocommissioning
in-house, others may find it just as enticing to bring in an outside provider to carry the entire
burden of the project. If the facility staff'is excluded from the process, however, owners may
miss an opportunity that can lower the project budget, increase in-house expertise, and
extend the impact of the improvements.

Facility staft can complete many supporting tasks without specialized training in this
process. Gathering and analyzing utility bills, benchmarking the building’s performance,
and performing a maintenance tune-up are generally straightforward and can be
addressed with guidance from a commissioning provider. Implementing improvements
may also be accomplished by in-house staff, depending on their expertise. See p. 19 for
specific detail on how owners can use in-house staft as a cost-saving strategy.

Participating in the retrocommissioning process can provide facility staff with a better
understanding of the building’s systems and their interactions. To capture this benefit,
building owners need to allocate adequate staft time and budget for retrocommissioning
work in addition to regular job duties.
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Outsourced O&M Services

Some owners do not have full- or part-time building operators, while
others may employ building operators with minimal skills or time. These
owners often use service contracts to cover the O&M of HVAC, controls,
and electrical systems. In these cases, the service contractor may take on
retrocommissioning tasks that building operators would usually perform.
The contractor may be asked to perform certain scheduled preventive
maintenance tasks to prepare a building for retrocommissioning, as well
as to assist in data gathering, performing hands-on testing, and adjusting
and calibrating equipment.

Additional Team Members/ Contractors

In some retrocommissioning projects it is important to involve additional outside
contractors (installing contractors, maintenance service contractors, controls contractors,
and manufacturers’ representatives). This usually occurs if equipment is still under
warranty or under contract for service, as is often the case for control systems and large
plant equipment such as chillers and boilers. Where equipment is under warranty, the
contractor should be involved early in the retrocommissioning process to prevent the
voiding of warranties that could occur if an outside party manipulates the equipment.
Installing contractors and manufacturer representatives may need to be brought in for
equipment testing and/or implementation of measures on the equipment they installed.

Controls Contractor

Frequently, the person most familiar with the building’s control sequences and programming
is an outside controls contractor. A significant percentage of retrocommissioning findings are
likely to address opportunities to reduce costs by improving the building’s control strategies.
Although it can be expensive, the expertise in trend logging and programming a control
technician offers is essential and, in most cases, well worth the expense.

Design Engineers

If retrocommissioning is undertaken in conjunction with new equipment installation, then the
engineers responsible for designing the equipment and systems should be involved. Design engineers
also should be involved when the commissioning provider needs additional expertise regarding
design issues that are uncovered during investigation. Ideally, the engineer who designed the original
installation should be brought in as a consultant to help resolve issues. The original design engineer
also may have system documentation that is missing from the building’s files.

Testing Specialists

Some commissioning providers are also test engineers fully-equipped to perform almost any
test required. This, however, is not always the case. Many providers are skilled at performing
HVAC tunctional tests and calibration exercises, but rely on other professionals or test experts
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for equipment that requires special expertise, such as variable-volume fume hoods. It may be
particularly necessary to bring in specialized HVAC and testing and balancing experts in order
to document air and water flow rates. The provider should be able to help identify qualified
specialists. The commissioning provider also typically writes the test procedures or goals for
the testing exercise and then the testing is completed by the appropriate specialist.

LEED Coordinator

If a retrocommissioning project is part of a LEED-EB project, then the provider and project
team will need to work closely with the LEED project coordinator. The LEED coordinator is
responsible for compiling documentation needed to support achievement of credits required for
the LEED certification. The retrocommissioning team needs to provide information related to
the retrocommissioning process, and confirm that the retrocommissioning project is complete,
or that the facility has a plan in place to complete it.

KEY STRATEGIES FOR SUCCESS

The following section summarizes strategies described in detail later in the Guide. These
are areas that a building owner or owner’s representative should pay particular attention
to while designing and carrying out a retrocommissioning project. Each Key Strategy
contains a link/reference to the corresponding detailed sections on each strategy. In
addition, the Key Strategies section summarizes the deliverables that owners will want to
obtain from their commissioning provider, along with links to examples that are located
either in the appendices to this guide or on the web sites of organizations such as the
California Commissioning Collaborative (www.cacx.org).

Note: If readers are using the electronic version of this document, you may easily

return to “Key Strategies for Success” by clicking on the € Back to KEY STRATEGIES
button, located at the bottom of the linked page(s).

|dentify the Best Building Candidates

Owners of multiple buildings can consider a portfolio approach to selecting the best
candidate(s) for retrocommissioning. Evaluating potential for energy improvements
across a portfolio of buildings and selecting those with the most potential for success
in the retrocommissioning process can assist with long-term planning and enable the
owner to strategically capitalize on short-term paybacks. When budgets are tight, it
may be wise to start with buildings in areas where utility incentives are available. Read

more about Good Candidates for Retrocommissioning (p. 44). See an example in
Appendix A — List of Preferred Building Characteristics for Retrocommissioning.
Checklist Items for the To Do List
O Analyze the building portfolio to identify the best retrocommissioning candidates.
Bear in mind that the worst performing buildings in a portfolio may not be the most
cost effective choices.
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Develop Well-Defined Objectives

The owner’s project objectives determine the overall vision, scope, and direction of the
project. They should be written and clearly articulated to the commissioning provider to
guide the project from start to finish. Understanding the objectives helps to ensure that
adequate time and funds are allocated to complete the project. Read more about Defining
Objectives and Project Scope (p. 48).

Checklist ltem for the To Do List
O For each building selected, write a set of objectives that can be incorporated into the
Retrocommassioning Plan and the retrocommissioning provider’s scope of work.

Select a Commissioning Provider Well-Suited
to the Project

When hiring a provider, check general qualifications such as years in the field, but, most
importantly, understand what experience each candidate has with your specitic building
type. Ask to see sample reports to understand the type of information you can expect

during the project. Read more about Selecting a Commissioning Provider (p. 52).
Checklist Item for the To Do List
O Develop a Request for Proposal (REP) or a Request for Qualifications (RFQ) for
retrocommissioning the selected building or buildings. The RF'P should clearly define
the project and its objectrves.

Designate an In-House Champion

Owner commitment is critical to project success. From the beginning, engaging with the
team to clearly express project goals and support collaboration between the commissioning
provider and building staft helps ensure a successful retrocommissioning project. If the owner
cannot be directly involved, the next best strategy is to assignh an owner’s representative to be
an active “champion” for the project. This person will need to rally the facility staft to action
and secure the necessary senior management support to keep the project moving forward.

Read Owner Support and the In-House Champion (p. A-3) and Determining Roles (p. 31).
Checklist ltem for the To Do List
O Assign the appropriate in-house staff person to shepherd the project. Ensure that
assigned staff have adequate time to oversee the provider and carry out some
retrocommissioning tasks where necessary.

Assign Key Facility Staff

Assign key facility staft to work with the commissioning provider throughout the
retrocommissioning project. When facility staff are brought in and consulted from the
beginning, potential conflicts are avoided. A retrocommissioning process involving
experienced, knowledgeable, interested, and available building statf is more likely to be
cost-eftective and have lasting results. There a several points in the retrocommissioning

A RETROCOMMISSIONING GUIDE
FOR BUILDING OWNERS



Jojdoy

process where facility staff involvement can reduce costs and increase benefits. Read
more about Involving Facility Staff to Save Time and Money (p. 19) and Involving

Facility Staff (p. 33).
Checklist Item for the To Do List
O Assign one or two experienced building operators (especially those who have the
most controls experience) to work with the commissioning provider. Request that

the commissioning provider provide estimates for the timeframe and necessary level
of staff involvement for each task.

Define Project Deliverables

As part of the commissioning provider’s contractual scope of work, include a well-
defined list of deliverables or outcomes for each phase of the project. The detailed
Retrocommissioning Flow Chart (Figure 6) on page 26 shows where each deliverable
typically occurs during the process. These documents may include:

Planning Phase
e Retrocommissioning Plan

e Read The Retrocommissioning Plan (p. 56)
e See an on-line example at the CCC website (www.cacx.org)

Investigation Phase
e Owner’s Operating Requirements
e Read Owner’s Operating Requirements (p. 60)
e See an example in Appendix B — Owner’s Operating Requirements (p. B-1)
e Diagnostic Monitoring and Functional Test Protocols
¢ Read Diagnostic Monitoring and Functional Testing (p. 61)
e Findings Log
e Read Develop a Findings Log (p 65)
e See an on-line example on the CCC website (www.cacx.org)
o List of improvements selected for immediate implementation

¢ Read Prioritize and Select Operational Improvements (p. 65)

e Investigation Report
¢ Read Develop the Investigation Report (p. 65)

Implementation Phase
e Implementation Plan
e Read the Implementation Plan (p. 70)
¢ See an example in Appendix C — Retrocommissioning Implementation
Plan (p. C-1)
e Implementation Report
¢ Read Implementation and Verification Reporting (p. 70)

e See an example in Appendix D — Retrocommissioning Implementation
Report (p. D-1)
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Hand-Off Phase
e Final Report
¢ Read The Final Report (p. 74)
e See an example on-line
e Systems Manual
¢ Read Enbanced Documentation (p. 80)
e See an on-line example on the CCC website (www.cacx.org)

Strategies for Ensuring Persistence
e Recommissioning or Ongoing Commissioning Plan

¢ Read Recommissioning (p. 84) or Ongoing Commissioning Plan (p. 85)

The Resources section (see p. 87) provides links to sources for templates of many of the
above listed documents, as well as other documents that may be useful to the owner in
the retrocommissioning process.

Checklist ltem for the To Do List

O Include a list of detailed deliverables in the commissioning provider’s scope of work.
Consult the “Resources” section of this guide to help develop the list of deliverables.

Hold a Project Kick-off Meeting

The retrocommissioning kick-oft meeting is typically scheduled prior to the Investigation
Phase. In this meeting, it is critical to clearly outline the benefits of participating in the
retrocommissioning project to get buy-in from each team member. A formal project
kick-oft meeting creates an opportunity to bring the project team together to review the
Retrocommissioning Plan and discuss the objectives, process, and team roles. Read Project
Kick-Off Meeting (p. 60).

Checklist ltem for the To Do List
O Schedule time to attend the Project Kick-off Meeting. Review the agenda with the
commassioning provider prior to the meeting.

Define the Owner's Operating Requirements

Providing detailed operating requirements for the facility enables the commissioning provider

to be sensitive when performing diagnostic activities to ensure that the critical operating
requirements of the building are not disturbed. These requirements are also useful to the
provider in assessing the feasibility of retrocommissioning measures. The owner’s operating
requirements inform the commissioning provider of building schedules, functions, and processes,
and differentiate between areas of the building that have different uses. Read more (p. 60).

Checklist Item for the To Do List
O Develop a written list of operating requirements for the building as early in the
project as possible. Review lease agreements for tenant operating needs to ensure that
they are taken into consideration during the investigation process.
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Accomplish Strategic O&M Tasks Prior to

the Investigation Phase

Prior to the Investigation Phase, direct the building staft to gather the most up-to-date
building documentation such as mechanical and electrical drawings, equipment lists,
O&M manuals, and sequences of operation. This will expedite the project by saving the
commissioning provider time. Also, direct the building staft to complete all scheduled
maintenance prior to the Investigation Phase. Normal equipment maintenance should be
completed before assessing equipment and system performance. Because this does not
require a commissioning provider’s expertise, it is more cost effective to have in-house
staft or an outside service contractor address these tasks early to prevent delays in the

project. Read Performing Scheduled Preventative Maintenance (p. 20).
Checklist Item for the To Do List
O Make a list and assign strategic OEM tasks to the building operations staff and
service contractors to help expedite the retrocommissioning work.

Review the Findings Log with the Commissioning Provider

The Findings Log and Investigation Report are the most significant deliverables coming
out of the Investigation Phase of the project. The Findings Log can be thought of as
a decision-making tool for the owner. The owner and commissioning provider use the
Findings Log to select and prioritize the operational improvements for the most cost-
effective results. Read Develop a Finding Log (p. 65).

Checklist Item for the To Do List

O Schedule a meeting with the commissioning provider to review and select the
tmprovements for implementation based on information in the Findings Log. This
meeting should include any building staff members who were intimately involved in
the investigation process.

Select an Implementation Approach

Depending on the building and circumstances of the project, there are different approaches
to consider for implementing the retrocommissioning measures. The approaches range
trom “turn-key,” where the commissioning provider is hired to manage the entire process
from start to finish, to using in-house staff to manage the entire implementation phase.
Choosing an implementation approach will largely hinge on the in-house staft’s availability

and skills. Read Selecting an Implementation Approach (p. 68).
Checklist Item for the To Do List
O Assess the in-house building staff’s abilities and time constraints, prior to determining
the implementation approach. If appropriate, implementation can be staged to take
advantage of  utility incentives, lease changes, and budget cycles.
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Require or Develop an Implementation Plan

This document is critical for helping the implementation proceed smoothly and should
reflect the management approach selected for the Implementation Phase. It should include
scopes of work for addressing all the selected measures, as well as the methods required
tor evaluating the results after implementation. Read The Implementation Plan (p. 70).

Checklist Item for the To Do List

O Review the Implementation Plan for each of the selected retrocommissioning im-~
provements. Confirm that verification requirements are included to prove that each
of the improvements is functioning as expected.

Require an Implementation Report

The Implementation Report, and the data it contains that verify the impact of measures, is a
key document. This is used for staff training, maintaining continuous building performance,

and project evaluation. Read the Implementation Verification and Reporting (p. 70).
Checklist Item for the To Do List
O Review the Implementation Report to make sure it is clear as to what was implemented and
that it was verified to be implemented correctly. The approved report should be made avail-
able to those building staff” members who are responsible for maintaining the improvements.

Require a Final Report and Hold a Project Close-Out
Meeting

Developing the Final Report is a key responsibility of the provider. It is the comprehen-
sive record of the retrocommissioning project and should be kept as part of the on-site
resources for facility staft. The owner should request that the provider present the Final
Report at a Project Close-Out Meeting, in order to address questions from staff and
management about the project process, findings, and deliverables. Read more (p. 74).

Checklist ltem for the To Do List
O Schedule the Project Close-out Meeting to reiterate the project accomplishments and
go over next steps for ensuring the benefits last.

Develop Persistence Strategies

During the retrocommissioning Hand-oft Phase the owner and commissioning provider
determine effective persistence strategies for ensuring the retrocommissioning benetits are
long lasting. Without these strategies the new, more efticient measures and improvements
may degrade quickly. The commissioning provider can recommend which strategies are most
appropriate for the building and help develop a plan to carry them out. Read more (p. 75).

Checklist Item for the To Do List

O Determine methods for incorporating persistence strategies into the building’s O&M
plan. These methods should include, at a minimum, periodic OEM reviews for those
tmprovements most at risk for degradation.

A RETROCOMMISSIONING GUIDE
FOR BUILDING OWNERS



Figure 7. Retrocommissioning Process Flowchart
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4. PROJECT PLANNING — PART |

Initial planning activities are critical to the success of any retrocommissioning
project as they set the objectives and lay the foundation for the project

team’s efforts. This section helps the owner’s representative determine which
buildings are good candidates for retrocommissioning and provides guidance
for detining an appropriate scope for a project. A commissioning provider can
be hired to assist with building selection and formation of project objectives, or
can be selected after the project is defined internally. The next chapter, Project
Planning-Part 2, provides guidance on selecting a commissioning provider and
initiating the retrocommissioning project.

Highlights:

¢ Selecting a building for retrocommissioning
* Coordinating with retrofits
* Setting project objectives and obtaining support

Figure 8. Retrocommissioning Process Flowchart: Planning - Part 1
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GOOD CANDIDATES FOR RETROCOMMISSIONING

There is usually room to improve a building’s performance regardless of its age, purpose,
or size. Not every building, however, is appropriate for retrocommissioning. The first task
is to determine which building or buildings are the best candidates. Newer buildings that
were never commissioned often provide the most energy savings and non-energy benefits
at the lowest cost. A good retrocommissioning provider can help determine which buildings
in an owner’s portfolio have the greatest potential to yield benefits.

What makes a good candidate for retrocommissioning?

Obvious indicators of a good retrocommissioning candidate include:

e Unjustified high energy use index (Btus/square foot) or unexplained increases in
energy consumption.

e Persistent or premature failure of building equipment, control systems, or both.

o Excessive occupant complaints about temperature, air flow, and comfort.

Note: Because buildings are complex and energy waste is often hidden, many buildings
that exhibit none of" the above characteristics may still prove to be good candidates for
retrocommissioning. Experienced commissioning providers understand how to uncover
hidden energy waste that can lead to significant cost savings.

When is retrocommissioning not the first step?

Retrocommissioning may not be appropriate for buildings where:

e Most of the equipment and systems are either outdated or at the end of their
useful life and need to be replaced. In this case, “end of their useful life” means
that equipment will need replacing in three years or less and retrocommissioning
will not improve these odds.

e Major system design problems exist. Note: Care should be taken in determining
this as controls malfunctions may initially be diagnosed as design flaws.

CAUTION: Owners often want to retrocommission their worst performing
buildings first, but these facilities are not necessarily cost-eftective choices.
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Other Characteristics to Consider

There are several other building characteristics that may predict a project’s chance of
success and increase its cost-effectiveness. These characteristics include:

e Size. Though larger buildings are often thought to be better retrocommissioning
candidates, a building of any size with complex mechanical systems and controls
would be a good choice for a retrocommissioning project.

¢ Building controls. Although buildings with fully pneumatic controls have good
retrocommissioning opportunities, buildings with computerized energy management
control systems (EMCS) or hybrid systems (part pneumatic and part computerized)
are typically more cost effective. Pneumatic controls easily drift and need constant
attention and calibration for benefits to last. Also, because of its trending capabilities,
an EMCS can be used as a diagnostic tool during the retrocommissioning process to
capture data, reducing the number of data loggers needed.

e In-house staff. Retrocommissioning performed in buildings with experienced,
knowledgeable, interested, and available building staft'is more likely to be cost-
effective and have lasting results.

e Building documentation. While having missing or out-of-date building
documentation should not eliminate a building from consideration, in the
interest of cost effectiveness, owners may wish to conduct retrocommissioning
tirst in those buildings with better documentation. Complete, well-organized
documentation can expedite the investigation process.

Appendix A provides a detailed sample list of preferred building characteristics.

Portfolio Approach to Building Selection

Owners of multiple buildings (private building owners, investment trusts, and property
management firms) can consider a portfolio approach to selecting the best candidate(s) for
retrocommissioning. Evaluating energy improvement potential across a portfolio of buildings
and selecting those with the greatest likelihood for success can assist owners with long-term
planning and enable them to capitalize on short-term paybacks. To begin with, an owner can
look at energy records to determine how energy costs per square foot have increased over
the years and compare it with other properties of similar age and use. Owners may choose to
have a commissioning provider conduct a study of all their facilities to support development
of a multi-year retrocommissioning plan. At a minimum, owners should develop a system to
understand, compare, and prioritize their building stock to determine which sites present the
best opportunity for retrocommissioning. The EPA Portfolio Manager on-line tool is also an
effective resource that owners can use to help prioritize their buildings.
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EPA Energy Performance Rating

The EPA energy performance rating system allows building owners and
managers to compare a building’s performance to other similar buildings,
and look at energy across a portfolio of buildings. EPA’s Portfolio Manager
on-line tool is a publicly available, web-based resource that facilitates this
process. For further information, visit www.energystar.gov/benchmark.

Portfolio Manger is a widely used building tracking and energy rating
tool. Building information needed for the tool is minimal and easily
entered on-line in an account that owners can create and manage for
their buildings. Select energy service providers and utilities also offer

to establish and update accounts for customers. All information entered
by owners is confidential. Portfolio Manager uses the EPA energy
performance rating system to score buildings on a scale of 1 to 100
using energy bill data and building characteristics. The tool accounts for
tactors that affect energy use, including climate, occupancy level, hours
of operation, and space use. The rating received by a building reflects
how its performance compares to similar buildings. A score of 75, for
example, means that a particular building outperforms approximately 75
percent of its peers. Buildings with a score of 75 or higher are eligible
to receive the ENERGY STAR® label — signifying their outstanding level
of performance. Retrocommissioning can help increase a building’s energy
performance rating.

Working with a Commissioning Provider to Select a
Building

A commissioning provider can be brought in early in the decision-making process to assist
in identifying a building well-suited for retrocommissioning. A provider can evaluate
buildings in more detail than is possible using only a benchmarking score and can estimate
the opportunity for reducing costs. The information a commissioning provider uses to
analyze sites includes:

General information:

e Building type

e Number of occupants

e Size (gross square feet)

e Annual hours of operation

e Year of construction

e Year of last renovation

e Mechanical, lighting and control systems (types and sizes)
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Energy data (ideally, three years worth):

e Annual electricity use (kWh/year)

e Peak demand

e Annual natural gas use

e Annual district heating or cooling

e Average annual energy use index (EUI) for region/city for similar type building
(Btus/square foot)

Operations overview:

e HVAC schedules relative to operating hours

e Set points

e  Minimum outside air ventilation rates

e Extent of variable flow systems

e Preliminary discussions with facility staff members

Simulation of building optimal energy consumption:
e Optimal monthly electrical demand and energy consumption
o Ditferences between optimal and real data

A commissioning provider also can review energy contracts and offer recommendations
about how the owner might be able to negotiate these costs with an energy provider.

Once documentation is gathered, the commissioning provider generally conducts a
preliminary “walk through evaluation” of the top building candidates to make the final
recommendation on which buildings are the best candidates for retrocommissioning.

Coordinating Retrocommissioning and Retrofits

As mentioned above, a building is not a good retrocommissioning candidate if’ most

or all of its equipment has aged to a point where retrocommissioning can not produce
improvements that would avoid equipment replacement. If only some equipment needs
to be replaced, however, this can be coordinated with retrocommissioning to maximize
benefits. Incorporating retrocommissioning with the replacement process improves
system performance by ensuring that new equipment is properly integrated with other
building systems. This assumes that the new installation is commissioned as part

of the retrocommissioning project. In the interest of cost and continuity, the same
commissioning provider can be hired to do both the new-installation commissioning and
the retrocommissioning processes.

Information on retrocommissioning and energy saving performance contracts can be

tound in Appendix F.
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DEFINING OBJECTIVES AND PROJECT SCOPE

Once a building is identified as a candidate for retrocommissioning, the building owner
needs to define objectives for the project. A good provider can help an owner define these
objectives. Owners may therefore want to take advantage of provider expertise early in the
Planning Phase.

The following list provides some example objectives:

e Work with building operators to identify and recommend improvements to
operational strategies and maintenance procedures, focusing on those measures
that sustain optimal energy performance and reduce operating costs.

e Identity problems that could compromise the building’s indoor environmental
quality such as air quality and comfort.

e Train building staff during the process on how to best gather and analyze data to help
troubleshoot and identify problems and improvements to operating procedures.

e Develop recommendations for improving building documentation.

o Identity possible capital projects for further investigation that can lead to energy
cost savings.

e Assist management with developing language for lease agreements that prevents
tenants from overriding sustainability and energy-efficiency measures.

Once the objectives are defined, it is important for the owner to actively garner

the support of upper management and facility staft in accomplishing these tasks.
Internal commitment to project objectives is a critical component of a successful
retrocommissioning project. This support helps to ensure that the process is completed
on time and that savings and improvement opportunities are pursued.

The project scope can be developed with the assistance of a commissioning provider, as
explained above, or can be developed in preparation for hiring a commissioning provider.
Once developed, the project scope helps define the provider’s Scope of Work as described
in the Proposal for Services. The project scope should include the following:

e Project objectives

e Buildings, building systems, and equipment that will be part of the assessment

o Anticipated level of involvement from in-house staft in the process

e Timeframe for investigation completion

e Number and type of expected deliverables or work products resulting from the
process
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Once the scope of the project is defined, the owner can decide more precisely how to
involve facility staft'in the project. It is important that the owner consider in-house

staft expertise and availability, given the project’s scope and complexity. If facility
operators are new to retrocommissioning, the first project can be used as a skill-building
opportunity for everyone. Successive projects can potentially rely more and more on in-
house expertise.
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S. PROJECT PLANNING — PART 2

his section describes how to select the appropriate commissioning

provider and explains the primary activities that occur during the
beginning phase of” a project. Once on board, the commissioning provider
conducts a preliminary walk-through evaluation. Based on initial findings in
the building and a clear understanding of project goals, the commissioning
provider develops the Retrocommissioning Plan. The Retrocommissioning
Plan serves as a guideline for team members to follow.

Highlights:

¢ Selecting a retrocommissioning provider

* Provider certification programs

e Qualities to look for in a retrocommissioning provider
e Preparing for a building walk-through

*  What to expect in a Retrocommissioning Plan

Figure 9. Retrocommissioning Process Flowchart: Planning - Part 2

Confirm project Provider conducts Owner & Provider
Select.RCx - It)) : Jt' interviews and _ review findings to
Provider EoEls t(;nP © J'edc 1ves performs facility " | confirm building is a good
N IEROICIEF walk-through candidate for RCx
Prgvider Owner reviews Owner and Provider
submits Drafi » Provider’s Drafi Provider finalize »  formallly submits
RCx Plan RCzx Plan RCx Plan RCx Plan
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SELECTING A COMMISSIONING PROVIDER

In most cases, the commissioning provider leads the process, works closely with the building
stafl, and ensures that the owner’s expectations are being met at each stage of the project.
The commissioning provider has many responsibilities and must be skilled in fostering
communication and promoting a positive, team-based approach to problem solving. A well-
qualified commissioning provider has a depth of" troubleshooting experience, as well as the
diagnostic monitoring, testing, and analysis expertise needed to uncover potential problems
and select the most cost-effective solutions.

Retrocommissioning Tasks
While roles and responsibilities vary, the retrocommissioning provider’s

tasks typically include the following:

v" Perform an initial site walk-through and gather general information
about the building.

V' Assist owner in developing a scope of work based on information
from the site visit.

<

Develop the Retrocommissioning Plan based on owner’s goals for the
project and findings from the initial site visit and information gathering,

Facilitate the project kick-off meeting,.
Review existing building documentation.
Perform a detailed on-site assessment of the current O&M practices.

Develop monitoring and testing plans.

D N N NN

Perform short-term diagnostic monitoring, using EMCS trend
logging where appropriate.

<\

Develop, perform, document, and oversee functional test procedures,
as needed.

V' Calculate energy savings and assist the owner with prioritizing the
most cost-eftective improvements for implementation.

v" Develop Retrocommissioning Investigation Report that summarizes
findings and provides recommendations for implementation of selected
measures.

<

Prepare the Implementation Plan.
V" Assist with or oversee implementation of the selected improvements.

v" Compile verification data by performing post-implementation
monitoring and testing activities to verify proper operation.

v" Recalculate energy savings based on before and after short-term
energy measurements.
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Retrocommissioning Tasks (continued|

v" Submit the Retrocommissioning Final Report (a summary of the
entire project and O&M guidelines for each measure)

v" Provide building operator training on the implemented measures and
how to ensure improvements persist over time.

v" Develop a Recommissioning or Ongoing Commissioning Plan for the
owner.

Provider Qualifications

When reviewing a commissioning provider’s qualifications, it is important to consider his
or her technical knowledge, relevant experience, availability, and communication skills.

Certification

Certification is one metric that owners can use to select a qualified commissioning provider.
The rigor of certification varies by certifying agency. There are five organizations that
currently certify commissioning providers — each with its own set of’ requirements and

a different title for the providers it certifies. Consult the organizations” websites for more
information on certification programs and to obtain lists of certified commissioning providers:

¢ Certified Commissioning Professional (CCP) — Building Commissioning
Association (BCA), http://www.bcxa.org
e Certified Commissioning Provider — Associated Air Balancing Council

Commissioning Group (ACG), http://www.commissioning.org

e Accredited Commissioning Process Provider — University of Wisconsin,
Madison (UWM), http://epdweb.engr.wisc.edu

e Systems Commissioning Administrator — National Environmental
Balancing Bureau (NEBB), http://www.nebb.org

o Certified Building Commissioning Professional (CBCP®) — Association of

Energy Engineers (AEE), http://www.aeecenter.org

Appropriate Experience and Technical Knowledge

Whether a potential commissioning provider is certified or not, it is critical that the provider
have the right experience and technical knowledge for the owner’s project (certification doesn’t
guarantee that). Owners should consider how many years of experience a commissioning
provider has in designing, operating, troubleshooting, and testing building systems,
including HVAC, direct digital controls (DDC), electrical power, lighting, and life safety.
Owners should also look for providers with the ability to provide operation and maintenance
training. The signiticant role that HVAC systems play in retrocommissioning means that a
provider must have adequate HVAC and controls experience in order to ensure a successtul
outcome. Provision of documented references is essential as a proof of experience.
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Because every project is unique, it is important to select a provider whose expertise

and experience closely aligns with the project’s objectives, scope, and complexity. FFor
example, if improving indoor environmental quality (IEQ) is the primary objective for
retrocommissioning, then the individual or firm hired for the job must be skilled at
investigating and solving IEQ problems. If retrocommissioning is being implemented

to reduce risk, owners should determine where their buildings are most at risk and if
they do not perform as expected. An owner should then select a commissioning provider
who brings technical knowledge specitic to that particular building function to the
project. For example, an owner of a laboratory may need a commissioning provider with
experience verifying biological containment systems.

Availability and Communication Skills

Look for a commissioning provider that will be available when needed. Consider physical
distance from or convenient travel to the facility site; although, for critical facility types
it is more important to have the right technical skills than to select a provider that is
physically nearby. Also, since the provider must interact with a wide range of people
(owners, building operators, contractors, and manufacturer representatives), it is essential
that the provider has strong communication skills.

The Selection Process

Two primary methods used for selecting a commissioning provider are the Request for
Proposals (RFP) and Request for Qualifications (RF'Q) processes. Most government entities
and many corporate owners may be required to use one of these processes.

Selection by Proposal

In a competitive selection process, the owner issues a Request for
Proposals (RFP). This process solicits qualifications and a detailed scope
of work from potential commissioning providers and requires the owner
to carefully evaluate each submission. Using an RFP process may be the
most appropriate method to select the provider if the project is large or
tairly complex. Many public agencies are required to go with the lowest
qualified price proposal and should, if using an RFP process, carefully
define the minimum qualifications and requirements.

Selection by Quadlification

A provider can also be selected by evaluating qualifications and rate
schedules, without first developing a detailed scope of the work and price
proposal. Using a Request for Qualifications (RFQ) is often simpler than
the RFP process, but it does require the owner to carefully evaluate the
providers’” qualifications and interview past clients and references.

Appendix E presents a checklist of items to consider when developing a

request for retrocommissioning services.
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Most projects require providers to prepare their proposals in two phases. It will be difficult
for the commissioning provider to assess the time required for tasks in the Implementation

and Hand-off Phases without first completing the Planning and Investigation Phases.
Similarly, owners may not know how they want to handle the implementation without
tirst receiving the investigation findings. Retrocommissioning providers may request

to initially offer a specific proposal only on the planning and investigation phases of the
project. Negotiations for the implementation and hand off phases would then occur when
more is known about the specific needs of the project. This approach helps the commissioning
provider offer a more comprehensive and accurate cost estimate and a realistic scope of work.

THE BUILDING WALK-THROUGH

A commissioning provider will conduct a walk-through of the facility, with the opportunity
to talk to building staft, before developing a scope of work and Retrocommissioning Plan.
A building walk-through allows the provider to become familiar with the building, its
equipment, and main energy-consuming systems, as well as identify opportunities for
turther investigation. The building walk through may be conducted as part of the proposal
process, since the information gained will assist the provider in developing a Proposal for
Services. A provider can learn a lot about the building by observing the overall condition
and operation of the equipment, and the positions of valves and dampers. As part of

the walk-through, building operators should be available to answer questions about the
operating conditions, current preventive maintenance actions, and any known performance
problems. Since the building operating staft knows the most about their building, prior to
the walk through the building staff should put together a prioritized list of known problems
and needed improvements to share with the commissioning provider.

The owner should provide basic building information, including utility data from the
previous three years, as well as preventative maintenance records and current service
contracts for the provider’s review. This information allows the provider to analyze
energy use and further understand current O&M practices at the facility. The goal of the
walk-through is to confirm that the building is a good candidate for retrocommissioning
and to look for indications of problem areas and opportunities that energy bill analysis
and phone conversations with building staft cannot provide.

The following items are indicators of retrocommissioning opportunities found during
the building walk through — their presence represents potential problems that can be
identified and fixed through a retrocommissioning project:

e Systems that simultaneously and excessively heat and cool

o Indication of ineffective use of outside air for free cooling

e Pumps with throttled discharge v