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oreword

How to Use This Guide

The Advanced Energy Retrofit Guide for Office Buildings is one of the five retrofit guides DOE commissioned at
the beginning of Fiscal Year 2011. By presenting general project planning guidance as well as financial payback
metrics for the most common energy efficiency measures, we believe these guides provide a practical roadmap
for effectively planning and implementing performance improvements for existing buildings.

The Advanced Energy Retrofit Guides (AERGs) are designed to address key segments of the U.S. commercial
building stock: office, retail, K-12 schools, grocery, and healthcare buildings. The guides’ general project
planning considerations are applicable nationwide, while the energy and cost savings estimates for recommended
energy efficiency measures have been developed based on energy simulations and cost estimates tailored to five
distinct climate zones, detailed in the figure below. The results of these analyses are presented for each individual
measure, as well as a package of recommended measures for three project types: operations and maintenance
(O&M) measures implemented through the existing building commissioning (EBCx) process, standard retrofits,
and deep retrofits. In this guide, standard retrofit measures provide cost-effective and low-risk efficiency upgrade
options including equipment, system and assembly retrofits. Deep retrofit measures require a larger upfront
investment and may have longer payback periods than O&M or standard retrofit measures.
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Energy Energy Energy
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Figure F.1. Scope of AERGs

This guide primarily applies to facility managers and energy managers of large existing office buildings
(>100,000 sf), but also includes considerations for small and medium office buildings. Additional parties,
outlined in the table below, will also find this guide beneficial.
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FOREWORD

Building Owners!
Building Operators?
Financial Institutions
Government Agencies
Energy Auditors
Commissioning Providers
Architects and Engineers

Utilities
Tenants

Introduction
Improving Energy Performance
EBCx

Deep Retrofits
M&V

O&M
Conclusions

1« Includes facility managers and energy managers
2+ Includes service contractors

Figure F.2. Target Audiences

The significant number of energy efficiency project planning considerations is matched only by the scale of
opportunity for energy efficiency improvements in existing office buildings. A typical office building can cut
energy use by up to 25% by implementing no and low cost measures and over 45% (including 25% EBCx
savings) by pursuing deeper retrofit measures presented in this guide. The impact of such projects will be felt in
the form of reduced operating costs, improved occupant comfort, and other related benefits.
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AEDG
AERG
AlA
AIRR
ASHRAE

BAS
BEEP
BEPC
BOC
BOMA

CAV
Ccop

DB
DCV
DDC
DOAS
DOE
DSIRE
DX

EBCx
EC
EERE
EIA
EIS
EPA
ESCO
EUI
EUL

cronyms

Advanced Energy Design Guide
Advanced Energy Retrofit Guide
American Institute of Architects
Adjusted internal rate of return

American Society of Heating, Refrigerating and Air Conditioning Engineers

Building automation system

BOMA Energy Efficiency Program
BOMA Energy Performance Contract
Building Operator Certification

Building Owners and Managers Association

Constant air volume

Coefficient of performance

Dry bulb

Demand-controlled ventilation

Direct digital controls

Dedicated outdoor air system

Department of Energy

Database of State Incentives for Renewables and Efficiency

Direct expansion

Existing Building Commissioning

Evaporative cooling

Office of Energy Efficiency and Renewable Energy (Department of Energy)
Energy Information Administration

Energy information system

Environmental Protection Agency

Energy service company

Energy use intensity (typically described as kBtu/sf)

Effective useful life
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ACRONYMS

HID High-intensity discharge

HP Horsepower

HVAC Heating, ventilation, and air conditioning

IEA International Energy Agency

IGV Inlet guide vanes

IPMVP International Performance Measurement & Verification Protocol
IRR Internal rate of return

IT Information technology

kw Kilowatt

kWh Kilowatt-hour

LBNL Lawrence Berkeley National Laboratory

LCC Life cycle cost

LEED Leadership in Energy and Environmental Design
LPD Lighting power density

MACRS Modified Accelerated Cost Recovery System
MCWB Mean coincident wet bulb

MIRR Modified internal rate of return

M&V Measurement and verification

NAESCO National Association of Energy Service Companies

NBI New Buildings Institute

NC New construction

NEEA Northwest Energy Efficiency Alliance

NIST National Institute of Standards and Technology

NOI Net operating income

NPV Net present value

NREL National Renewable Energy Laboratory

o&M Operations and maintenance

OA Outdoor air

OMETA Operations, maintenance, engineering, training, and administration
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PACE
PIER
PNNL

RA
RCx
RFQ
RH
ROI
RP
RTU

SF
SHGC
SHW
SWH

TAB

VAV
VFD

WSDGA

Property Assessed Clean Energy (financing)
Public Interest Energy Research
Pacific Northwest National Laboratory

Return air
Retrocommissioning
Request for qualifications
Relative humidity

Return on investment
Recommended package
Rooftop unit

Square feet
Solar heat gain coefficient
Service hot water

Service water heating
Testing, adjusting and balancing

Variable air volume

Variable frequency drive

Washington State Department of General Administration

ACRONYMS
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Introduction

The Advanced Energy Retrofit Guides (AERGS) for Existing Buildings
have been developed by the U.S. Department of Energy (DOE) to help
building owners, facility managers and energy managers select the
energy efficiency improvements that best suit their building type and
location, and successfully execute those improvements. The full series
of guides will address key segments of the commercial building stock.
Emphasis is put on actionable information, practical methodologies,
diverse case studies, and objective evaluations of the most promising
retrofit measures for each building type.

This guide addresses office buildings, which represent approximately
17% of energy use in commercial buildings nationwide (Figure 1.1).

ABOUT THIS SECTION

This guide to building energy
retrofits offers practical
methodologies, diverse case
studies, and objective evaluations
of the most promising retrofit
measures for office buildings.

By combining modeled energy
savings and estimated costs, this
guide presents cost-effectiveness
metrics for both individual
measures and recommended
packages of measures. This
information can be used to
support a business case for
energy retrofit projects and
improve the energy performance
of buildings nationwide.

Office buildings in the U.S. consume more energy than any other building type (U.S. Energy Information
Administration, 2006). And with almost 60% of existing office buildings built before 1980, many are past due for
upgrades to aging building equipment, systems, and assemblies. Office buildings offer significant opportunities
for deep, cost-effective energy efficiency improvements, and this guide provides practical and specific guidance

for realizing these opportunities.

Figure 1.1. Distribution of Commercial Building Energy Use (U.S. Energy Information Administration, 2006)
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1 INTRODUCTION

1.1 Purpose of the Guide

This guide has been created to help building owners, facility managers and energy managers plan, design, and
implement energy improvement projects in their facilities. A 2011 survey identified record high interest in energy
efficiency projects among building owners and managers, but also noted significant barriers relating to project
finance and planning (Institute for Building Efficiency, 2011). This guide provides building owners and managers
with insightful information to address those barriers, including robust approaches to project planning, plus data
and methods for financial analysis.

The primary audience for this guide is facility managers and energy managers who wish to improve the energy
performance of their buildings, generate strong financial returns, and simultaneously achieve non-energy benefits,
such as improved occupant comfort. An owner who is new to energy efficiency projects will find a primer on the
key concepts in Chapter 2, and guidance on implementing operations and maintenance measures to reap up to
25% savings in Chapter 3. A facility manager who has optimized existing operations can find recommendations
on energy efficient retrofits in Chapter 4. Chapter 5 is for those who are looking to distinguish their facilities
through deep, integrated retrofits, perhaps as part of a major renovation.

The following additional audiences are expected to benefit from much or all of the content in this guide:

P Financial institutions seeking objective analysis of the cost savings
and performance risks associated with specific building improvements BARRIERS ADDRESSED

P Government agencies considering the feasibility and cost- = Difficulty getting started
effectiveness of regulations or financial incentives for energy

efficiency improvements in existing office buildings » Bl GE{alie e

competition for resources

P Utilities operating energy efficiency programs = Shortage of actionable cost

and energy savings

P Architects, design engineers, and consultants responsible for a major . , ,
g g P J = Failure to consider all benefits

renovation . ;
over project life
» Commissioning agents evaluating the cost-effectiveness of energy = Lack of specific methods to
efficiency improvements achieve deep retrofits

P Building operators interested in cost-effective operational strategies

This guide targets one of the key barriers to implementing energy saving projects: the lack of actionable cost and
energy savings data and analysis for energy efficiency improvements (Institute for Building Efficiency, 2011).
This guide addresses that gap by providing practical analytical methods for evaluating the cost-effectiveness of
potential building upgrades, tailored to office buildings in multiple locations. These methods are then applied to
produce a series of recommended measures and packages of measures that are tailored to five U.S. climates.

Detailed tables are included to illustrate the energy impact of implementing the recommended packages of
measures on a typical building. Case studies are also included, to demonstrate how office building owners have
successfully implemented similar energy efficiency projects.

1.2 Approach of the Guide

Office buildings have widely varying designs and uses, and building owners and facility managers face a
variety of financial constraints. To address the diversity, this guide presents three levels of upgrade options:

(1) Implementing operations and maintenance (O&M) improvements through Existing Building Commissioning
(EBCx), (2) standard retrofits, and (3) deep retrofits. In this guide, standard retrofit measures provide cost-
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effective and low-risk efficiency upgrade options including equipment, system and assembly retrofits. Deep
retrofit measures require a larger upfront investment and may have longer payback periods than O&M or
standard retrofit measures. Another layer of diversity is created by the dependence of retrofit options on climate,
so the upgrade options for standard and deep retrofits are customized for five different climates. This multi-level
and multi-climate approach broadens the applicability of the guides to a wide range of situations.

The flow chart in Figure 1.2 provides one example of how the main sections of the guide correspond to key
project planning and implementation phases.

Energy Performance

Roadmap Design 3 -
(Sections 2.1 - 2.2) o&M
[ (Chapter 7)

Benchmarking Revisitin 1 -
(Section 2.3) year ' ME&V
Lj (Chapter 6)

,:::,[.r:f:.; d Deep Retrofit
(Chapter 5)
High N

Energy Auditing Existing Bldg Comm Standard Retrofit Existing Bldg Comm
(Section 2.4) (Chapter 3) (Chapter 4) (Chapter 3)

Existing Bldg Comm Retrofit
(Chapter 3) (Chapter 4, 5)

& Integrated

* Retrofit Financial Assistance Staged or

Opportunities? \ Capital ) + e Integrated
; Available ; (Section 2.7) Airaaenye

Project Planning and
Making the Business
Case (Sections 2.5 & 2.6)

Financial Assistance
(Section 2.7)

Figure 1.2. Example of AERG Project Planning Flow Chart
* Integrated Approach: Simultaneous retrofit of multiple building systems, EBCx after the system/equipment upgrade
Staged Approach: Retrofit of building systems sequentially

The guide begins in Chapter 2 with an introduction to key concepts underpinning energy efficiency projects;
discussions of goal setting, project planning, and performance tracking illustrate the process for initiating energy
efficiency projects. Chapter 2 also explains energy audits, financial analysis, and financing options, to provide
the remaining elements needed for a strong business case. This chapter lays the foundation upon which energy
efficiency project options are built in the subsequent sections.

Chapters 3 through 5 provide sample upgrade packages for three levels of project: EBCx, standard retrofits, and
deep retrofits. Each package has been modeled based on a typical large office building (200,000 square feet), to
give robust and consistent estimates of implementation costs and energy savings. Considerations for small and
medium office buildings are presented in each discussion of retrofit measures packages as well.

In reality, all buildings are unique, so the recommended packages presented in this guide are intended as an
intelligent starting point. The costs and savings values included in this guide for the recommended packages
and the individual measures are estimated values. A brief description of the sample recommended package of
measures presented in Chapters 3 through 5 is provided in Table 1.1. The savings ranges for all three project
types presented in the table assume a common baseline building condition.
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Table 1.1. Energy Upgrade Project Type Descriptions for Office Buildings

Existing Building Commissioning (EBCx) Up to 25% Energy Savings

Significant savings can often be achieved with minimal risk and capital outlay by improving building operations and
restructuring maintenance procedures. This process, commonly known as existing building commissioning, or EBCX, is
generally recommended even when deeper retrofits are being considered. A nationwide study of commissioning projects by
Lawrence Berkeley National Laboratory found that office buildings typically realized 22% energy savings through EBCx, with
an average simple payback period of 1.1 years (Mills, 2009).

Standard retrofit ‘ 25-45% Energy Savings

This type of project includes the system retrofits that are most cost-effective and lowest risk. These standard retrofit measures
are typically component-level replacements of existing equipment for improved energy efficiency. Typically, no one standard
retrofit measure will achieve 25-45% site energy savings, but as a package of measures, this range is easily achievable.

Deep retrofit ‘ 45% Energy Savings

Deep retrofits go beyond component level replacements and take an integrated whole-building approach to energy savings
projects. Savings beyond 45% are achievable when upgrades to the building envelope are combined with retrofits of lighting
and mechanical systems.

The recommended retrofit packages presented in this guide are built on an analysis of almost 60 promising
energy efficiency measures. Chapters 3 and 4 describe each of these measures in brief, and additional detail is
provided in the appendices. The process for developing the recommended packages of measures was done by
first brainstorming all potential measure options, then prioritizing measures based on technical feasibility and
appropriateness, and finally finalizing measure packages based on cost-effectiveness. This process, simplified in
the Figure 1.3, can be mirrored by building owners to determine the energy efficiency measures best suited to
their building’s needs and energy performance improvement strategy.

Criteria Screening - Could this measure be
technically applied to the building in question?

Criteria Screening: What bundle of
measures meets the
performance/financial goals?

Finalize

a package of measures for

€has a workable list of all Audience understandsthe process they should use to analyze
the measures they should consider and select their final package of measures to implement

Office Buildings

Figure 1.3. Measure Prioritization Process
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Many of the measures presented in this guide are climate-dependent; for example, improvements in cooling
efficiency will have a greater impact in hotter climate regions. For this reason, each package of measures is
analyzed for five different climate zones shown in Table 1.2. The cost/savings data are based on the regional
utility rates and labor rates.

Table 1.2. AERG Climate Zones and Reference Cities

Zone Represented By

Hot & Humid Miami, FL

Hot & Dry Las Vegas, NV
Cold Chicago, IL
Very Cold Duluth, MN
Marine Seattle, WA

Throughout the guide, a diverse set of case studies provides examples of how the approaches described in this
guide have been successfully implemented by building owners and managers. The case studies are accessible and
objective, offering insights into the opportunities, trade-offs, and potential pitfalls that may be encountered in a
retrofit project.

The guide concludes with a discussion of strategies to ensure that the energy savings expected from the upgrades
are achieved and persist over time. The first of these strategies, described in Chapter 6, is to implement a
measurement and verification (M&V) program, together with the upgrades, to ensure that improvements are
operating as intended. The second key strategy, covered by Chapter 7, is to optimize O&M activities to maintain
and continually improve building performance.
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Improving Energy
Performance in Existing
Office Buildings

Industry leaders have long recognized the role that energy efficiency can play in reducing operating costs

and increasing asset value, while also improving occupant comfort. Opportunities for improved energy
performance exist in nearly every office building. These opportunities come in many forms, including improved
operational and maintenance practices, equipment retrofits, occupant behavioral changes, and building envelope
modifications, to name just a few. Over the life of a building, different opportunities will be available at different
times, depending on the changing usage of a building, remaining life of the equipment and assemblies, and
availability of improved technologies in the market.

While the opportunities for energy efficiency improvements in existing office buildings are significant, the
process of identifying, analyzing, and implementing those improvements is not always straightforward. This
chapter of the guide provides an overview of the steps necessary to identify energy efficiency improvement
opportunities and plan their implementation. It addresses plotting an energy efficiency roadmap, available
financing mechanisms, performance assessment through benchmarking, and identifying cost-effective measures
through energy auditing. Each section includes references to the extensive body of literature that exists on these
topics to provide more details.

2.1 The Office Energy Picture

Before addressing how to implement energy efficiency improvements, it is valuable to first investigate how
energy usage is spread across building systems in a typical office building. Figure 2.1 demonstrates the percent
breakdown of energy consumption by end-use for office buildings in the U.S.

As indicated in the figure, end-uses related to the HVAC system (heating, cooling, and ventilation) make up 51%
of total energy use, and lighting represents 25% of total use (U.S. Energy Information Administration, 2006).

As these two end-uses combined typically make up three quarters of an office building’s energy use, it’s usually
best to focus on energy retrofits related to these end-uses first. The quantity of measures presented in this guide
for each building system is reflective of the relative energy use of that system and the scale of opportunity for
energy savings.
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10% Other

6% Computers

35% Heati
3% Office eating
Equipment
3% Refrigeration
2% Water Heating =
25% Lighting
10% Cooling

6% Ventilation

Figure 2.1. Percent Energy Use by Building System (U.S. Energy Information Administration, 2006)

2.2 A Roadmap for Building

Performance - Making the commitment

All office buildings present some opportunity for energy efficiency = Setting goals for energy
improvements. As more efficient technologies and practices emerge, performance

even relatively new buildings can reap savings. Successful continuous = Creating an action plan
improvement of building performance requires more than opportunities, = Evaluating financing options
however; industry leaders often talk about energy efficiency becoming and incentives

part of the company culture. This section discusses how an organization
can find and deliver on energy-saving opportunities. It begins with a
commitment and goal setting, and then moves to implementing upgrades " Project completion
and measuring progress.

Implementation approach

Making the Commitment

This guide provides numerous examples where implementing an energy efficiency upgrade makes good business
sense. But the fact remains that many building owners and operators are missing out on these opportunities to
cut expenses and strengthen revenues. In many organizations, this gap exists because internal infrastructure
operations are not linked to business strategy discussions. One way to create this linkage is through a high-level
commitment to reducing energy use. Today’s business environment provides numerous financial, policy, and
market drivers that can support such a commitment, including:
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P Tenant recognition of energy efficiency value, leading to higher occupancy rates and pricing

P Industry initiatives, such as LEED and Architecture 2030®, providing a competitive edge in the marketplace
P Energy and environmental regulations and codes

P Aging infrastructure leading to declining economic value

P Utility, state, and federal energy efficiency and financing programs

Combining these motivations with the promise of attractive investment opportunities can put energy efficiency
on the agenda of any organization. The commitment to find and implement energy efficiency upgrades can be
effectively communicated with the establishment of an internal goal for building energy performance.

Setting Goals for Energy Performance

An energy performance goal expresses an aspiration for achieving an improvement on a building’s baseline
energy performance through efficiency upgrades. Such a goal can serve as a strong motivator to drive projects
from inception through completion. To be effective, an energy performance goal should:

P Express the building owner’s motivations for the project
P Be achievable, based on industry best practice
P Function as a basis for tracking progress

Energy performance can be assessed at the building portfolio, building, and system level. Procedures for
assessing energy performance include benchmarking and energy audits, which are discussed in detail in sections
2.3 “Benchmarking Current Energy Performance” and 2.4 “Energy Audits.” Both of the procedures provide

an understanding of baseline performance and some idea of the potential for improving performance. This
information can be used to set the performance goal.

An energy performance goal is often expressed as a percentage reduction relative to the existing energy use
intensity of the building. As such, it can be aligned with one of the three levels of energy efficiency upgrades
defined within this guide. An alternative approach is to call for implementation of all projects that feature

a return on investment better than a defined threshold. This latter approach has the benefit of aligning with

many organizations’ standard financial evaluation process, but it may be less effective at encouraging creative,
integrated approaches inspired by an energy performance goal. When a percentage reduction is targeted, specific
project proposals can still be subjected to an organization’s standard financial evaluation.

Creating an Action Plan

An organizational goal for building performance improvement must be supported by an action plan that shows
how the goal will be achieved through implementation of specific projects. If the goal-setting process utilized a
detailed energy audit, then this audit will have identified specific projects that can form the basis of the plan. If
another approach was used to set the goal, then an energy audit can be conducted next with the explicit purpose
of developing a plan to achieve the goal. When the goal targets energy savings of greater than 45% (deep retrofit
territory), the plan will most likely call for an integrated design process to precede a major renovation.

A deep retrofit project requires simultaneous evaluation of opportunities across multiple building systems. It

thus lends itself to an integrated design process and concurrent implementation of upgrades to many systems. In
contrast, a plan calling for a standard energy efficiency retrofit may elect to implement measures in stages. Often,
a staged approach is chosen because of budget constraints. When using the staged approach, it is important to
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consider the ordering of projects to ensure that maximum performance is ultimately achieved. The integrated and
staged approaches to energy efficiency upgrades are discussed in Section 2.5 “Planning for Energy Performance
Improvements.”

Evaluating Financing Options and Incentives

Energy savings are valuable. They offer building owners and renters a low risk investment that will reduce
operating and maintenance expenditures. They allow electric and gas utilities to avoid costly infrastructure
investments. And they contribute to healthier environments and more competitive industries, which benefit the
entire economy. Because of this wide valuation by various stakeholders, many options exist for financing energy
efficiency upgrades.

Conventional project finance options, such as commercial loans, can be used for energy performance upgrades. In
addition, there is a suite of finance options available only to energy efficiency projects. These additional options
include energy performance contracts, utility rebate and on-bill finance programs, and government-supported low
interest loans. A variety of tax incentives further improve the economics of energy efficiency upgrades.

The energy performance goal and action plan must align with the financing options available to an organization.
Stating the anticipated funding sources in planning documents is important, as is a formal planned task to
validate the anticipated funding assumptions. Key planning considerations and questions include:

P What is the preferred approach to economic analysis and decision-making?

P What are the economic criteria that the project needs to satisfy?

P Who are the external project partners that can offer financial incentives?

P What level of funding can potentially be acquired?

» What is the preferred source of funding, and is performance contracting an option?

These questions do not necessarily need to be answered within a planning document, although this can be
highly beneficial. At a minimum, a plan needs to identify when these questions will be answered and who will
be responsible for answering them. Sections 2.6 “Business Case for Upgrading Building Performance” and
2.7 “Financial Assistance for Energy Efficiency Projects” of this guide provide further discussion of the issues
involved in developing a business case, including financing options.

Implementation Approach

Identifying the likely implementation approach is another important part of an energy efficiency planning effort.
Each approach has implications for the project as a whole. Energy efficiency projects can be implemented using
one or a combination of three key approaches: in-house implementation, design-build contracts, and design-
bid-build construction. To this list we can also add energy performance contracting, which is a financing and
management tool that can be applied to the design-build approach.

In-house implementation is typically the lowest out-of-pocket cost for an energy project. It assumes that
a building owner’s facilities maintenance personnel will actually execute and install the identified building
energy efficiency improvements. This implies that these individuals can integrate this additional work with
their ongoing work tasks, or that the building owner can temporarily hire additional personnel.

Design-build contracts imply turnkey project delivery with the design and construction activities integrated
into a single team.
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Design-bid-build construction approaches are conventional in the new construction market for office
buildings and can be applied to complex, deep retrofits of existing office buildings. Under this approach a
design firm delivers bidding documents, which the owner then uses to solicit bids for the construction phase
of the work.

Energy performance contracting is a special case of design-build construction, where the same contractor
(the Energy Service Company, or ESCO) is involved from initial performance assessment through final
monitoring and verification, and generally will offer some level of guarantee that savings will be achieved.
An energy performance contract may be the lowest out of pocket cost, when the project cost is arranged to
be paid from the energy savings. Section 2.7 “Financial Assistance for Energy Efficiency Projects” provides
more information on energy performance contracting.

With any approach, a major challenge is to maintain the same level of energy efficiency awareness in the design
and construction team as was present in the planning team. If an information disconnect occurs between these
teams, the project can fall short of its savings goals.

Regardless of the approach chosen, there are other implementation considerations that must be addressed as a
retrofit project is defined. Most important among these is the project’s impact on building occupants. Scheduling
construction work after normal building operating hours or temporarily vacating portions of the building may be
necessary for some retrofits, which can impact project timeline and cost.

Project Completion

Close-out of an energy efficiency retrofit project is often more complex than that of a typical construction project.
Not only do all of the installed elements need to work upon completion, the energy use reduction goals need

to be achieved for the project to be deemed successful. Generally, project close-out will involve: (1) Standard
inspections, (2) Performance testing to ensure measures function as intended, (3) Delivery of project close-out
documents and owner training, and (4) Measurement and verification (M&V) of energy savings.

Using M&V to quantify the energy savings results of a project is critical to validating a project’s investment,
showing progress toward goals, and building the business case for subsequent retrofit projects. For a detailed
discussion of M&V best practices, see Chapter 6.

2.2 KEY POINTS

= A roadmap for building performance improvement incorporates elements of commitment, planning,
and execution.

= Setting an energy savings performance goal that addresses the “before and after” energy use of the
building is a strong first step toward completing an energy improvement plan.

= An energy audit assesses current building performance and identifies opportunities for energy
efficiency improvement.

= Many options exist for financing energy efficiency upgrades, ranging from commercial loans to
utility incentives. You can select from these options to match your organization’s needs and upgrade
opportunities.

= The three most common approaches to project implementation are in-house, design-build, and
design-bid-build.

= M&V of project savings is critical to validating a project’s investment and building the business case
for subsequent retrofit projects.
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Additional Resources

Use these resources for more detailed information on planning and procedural aspects of energy efficiency
project implementation.

» Environmental Protection Agency, “Building Upgrade Manual”, 2008: A strategic guide for planning and
implementing a profitable energy saving building upgrade following a five-stage process. Chapter 1 discusses
Investment Analysis. Available for free download online; www.energystar.gov.

» ASHRAE, “Energy Efficiency Guide for Existing Commercial Buildings: The Business Case for Building
Owners & Managers”, 2009: A guide to making the business case for efficiency upgrades; includes discussion
of cash flow analysis methods. Available for purchase; www.techstreet.com

P BetterBricks, “The High Performance Portfolio Framework”: A strategic guide to improving building
performance that addresses organizational best practice procedures. Available for free download online;
www.betterbricks.com.

» Rocky Mountain Institute, Retrofit Depot: A website that provides a wealth of information and tools for
planning and designing commercial building retrofits; www.retrofitdepot.org.

2.3 Benchmarking Current

Energy Performance

Benchmarking is an essential starting point for understanding a

= Definition of energy
benchmarking

building’s energy performance. Calculating an energy performance = Approaches to energy
metric for a building and comparing it with similar buildings provides benchmarking
a hint at the opportunity for upgrades in the building. For a portfolio of = Benchmarking a building

buildings, benchmarking will suggest which buildings are in greatest

need of upgrades. Moreover, top-performing buildings can provide

examples of best practices that may be transferrable to other facilities. Energy benchmarking can also allow
top-performing buildings to receive industry recognition with certifications, such as an ENERGY STAR® label.

After project implementation is underway, an ongoing benchmarking program continues to provide value as a
good, high-level check that building performance is improving. This section will define energy benchmarking,
introduce different approaches, and describe how to benchmark facilities using some helpful tools.

Definition of Energy Benchmarking

Energy benchmarking is a process for describing the energy performance of a building at a point in time and

for comparing that performance with similar buildings. As this definition implies, there are two key elements in
benchmarking: (1) the description of performance, and (2) the comparison. The description of performance is
often accomplished through calculation of a performance metric. Many types of comparison are possible. Several
common comparisons are described in Table 2.1.

The appropriate benchmarking metric depends on what type of comparison will be made. Comparisons across
building populations require metrics that adjust for dissimilar building characteristics. Comparisons against
historical performance of the same building are simpler, but can also include adjustments for changing weather
and building use.
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Table 2.1. Common Comparisons made when Benchmarking

Comparison Definition

Best in class Compare the building to the best performing building in
a population of buildings with similar characteristics.

Average Compare the building to the average performance of
buildings in a population with similar characteristics.

Baseline Compare the building’s performance to its historical
performance.

Performance standard Compare the building to a clearly defined performance
standard, such as those established in building energy
codes.

Approaches to Energy Benchmarking

Energy benchmarking may be internal or external and quantitative or qualitative. Internal benchmarking
compares data within a building owner’s portfolio of buildings, while external compares against a broader
population of buildings. A quantitative approach compares numerical measures of performance to see how
building performance changes over time or ranks against that of similar buildings. The qualitative approach
analyzes management and operational practices across the entire building portfolio to identify best practices and
areas for improvement. These basic approaches are summarized in Table 2.2.

Table 2.2. Approaches to Benchmarking

Internal External

Quantitative Compare calculated metrics of your building’s Compare calculated metrics of your building’s
performance against its own historical performance | performance against similar buildings in a defined
or against other buildings in your portfolio. geographic area.

Qualitative Compare management and operational practices in Compare management and operational practices in
your building over time or against other buildings in | your building against similar buildings in a defined
your portfolio. geographic area.

A combination of qualitative and quantitative measures can be a powerful tool for detecting poor performance
and identifying best practices that can be harnessed for improvements. For example, a benchmarking exercise
might calculate the energy use intensity for a portfolio of 10 office buildings. If three of the buildings show
twice the energy use per square foot as the best performing building, then it’s natural to begin to look for an
explanation. By comparing qualitative characteristics of the buildings, such as those shown in the Table 2.3,
one can begin to understand the reason for the performance discrepancy. It may then be possible to improve
performance at the lagging buildings, by looking to the practices at the leading building.

When using quantitative metrics, it is important to make reasonable comparisons. This means that adjustments
must be made to account for differences between buildings. Some of the most common adjustments are

shown below.
Table 2.3. Sample Measures of Building Performance

Quantitative Qualitative

Energy cost per square foot Presence of an energy manager
Energy (Btu) per square foot History of retrofit projects
Energy (Btu) per occupant Building envelope characteristics

Type of lighting controls
Type of HVAC controls

o
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Energy type: A typical common energy basis is the Btu (British thermal unit). For example, multiplying
electric (kWh) usage by 3,412 will give an equivalent amount of usage in Btus. Usage values for other fuels
can also be converted to Btus, and then summed to show the total amount of energy used onsite.

Floor space: Large buildings consume more energy than small buildings. They also have more useful area.
Thus, quantitative metrics are commonly normalized to the building’s total conditioned floor area.

Climate: A building in Las Vegas has different needs than a building in New York. When comparing buildings
in different climates, it is appropriate to include an adjustment factor that suggests how the buildings would
rank in a common environment. Similarly, weather can vary considerably from one year to the next, so
climate adjustments may also be required when comparisons are made over time.

Benchmarking whole building energy use is the most common and straightforward approach, and sub-metering is
an option for building owners who want to dig deeper into benchmarking and optimizing buildings. Sub-metering
the consumption of specific end-uses is still relatively rare and can incur extra cost to install, but it is considered
a key factor in taking a building to the high end of performance.

Benchmarking a Building

Benchmarking can be challenging, especially the first time. Following the approach described in Table 2.4 will
help the process proceed smoothly.

Table 2.4. Steps to the Benchmarking Process

Engage Partners: include all relevant internal (e.g., facilities staff, building management) and
external (e.g., utility representatives) parties.

PLAN

Create a Plan: A benchmarking plan defines the goals, scope, and schedule of the effort.

Collect Data: Common data needs include energy use and cost, physical building design,
operational statistics, and climate variables.

Calculate Metrics: Determine a building’s baseline energy use, rate the building (using a
software program such as Portfolio Manager), and document the results of efforts to improve
energy performance.

Compare: Once quantitative metrics are calculated and qualitative measures are tabulated, it is
a relatively straightforward process to compare buildings using software programs. Buildings can
be ranked, anomalies flagged and high performance recognized.

IMPLEMENT

Repeat: Ongoing benchmarking will help track progress toward goals.

Benchmarking provides an indication of the opportunity and a basis for tracking progress. The results may be
used to set goals and develop action plans targeting poorly performing buildings. Most likely, one outcome of
benchmarking will be a motivation to further understand the energy performance of some buildings. The next
section of this guide discusses energy audits, which offer a deeper investigation into the energy performance
of a building.
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2.3 KEY POINTS

= Energy performance benchmarking provides baseline information that will help building owners
set energy performance goals, create energy management plans, and prioritize potential upgrade
opportunities.

= A benchmarking plan begins by assembling stakeholders, defines the goals for the project, and
clarifies the scope of the effort, including the metrics and data needed.

= |mplementation of benchmarking includes data collection, calculation of benchmarking metrics,
performance comparisons, and ongoing tracking.

Additional Resources

Use these resources for more detailed information on benchmarking building energy use.

P Environmental Protection Agency, “Building Upgrade Manual”, 2008: A strategic guide for planning and
implementing a profitable energy saving building upgrade following a five-stage process. Chapter 2 focuses
on benchmarking. Available for free download online; www.energystar.gov.

» ENERGY STAR, Portfolio Manager: A comprehensive, interactive tool that provides a set of benchmarks
developed specifically for office buildings that can be used to assess energy performance. Available for free
use online; www.energystar.gov.

P ENERGY STAR, Target Finder: A no-cost online tool that enables architects and building owners to set
energy targets; www.energystar.gov.

P Oak Ridge National Laboratory, Benchmarking Building Energy Performance webpage: Includes sections on
benchmarking office buildings for a handful of states; http://eber.ed.ornl.gov/benchmark.

P California Commissioning Collaborative, “The Building Performance Tracking Handbook”, 2008: A guide to
various approaches to tracking and analyzing building energy performance. Benchmarking is presented as one
approach. Available for free download online; www.cacx.org.

2.4 Energy Audits

The objective of an energy audit is to develop an understanding of a

building’s energy performance and energy saving opportunities through " Elmsis Gl el Zueft

an investigation of the current equipment, operations, and building = Types of audits

energy use patterns. An energy audit provides the project cost and = Audit cost

savings mfor_matlon for potential npprovement measures, and can be = Choosing an appropriate
performed with varying levels of rigor and expense. audit level

The following section explores the basic elements of an audit, common = Selecting a qualified energy
types of audits and their characteristics, and considerations for choosing auditor

an audit type.
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Elements of an Audit

Audits can generally be broken down into three primary steps:
P Pre-site visit analysis

P Site visit data gathering

P Post-site visit analysis and reporting

The pre-site visit analysis involves a review of available data relating to the building’s operations and current
energy performance. Documents and data reviewed can include building plans and construction documents,
historical energy use, and any past audit reports. The energy auditor may also complete a preliminary phone
interview with building operations staff to learn as much as possible about building operations before the
site visit.

The site visit is the primary opportunity for the auditor to collect current data and observe the building’s
operations. The auditor will complete a walk-through to inspect all or a subset of the building’s energy-
consuming systems. By filling out template audit forms, taking photos, and conducting interviews with building
operations staff and service contractors, the auditor gathers the necessary information to complete the post-

site visit analysis and reporting. The depth of investigation during the site visit is dependent on the audit type
(discussed in detail below), and can range from a basic equipment survey to sub-metering of equipment.

Finally, with audit information in hand, the auditor will complete engineering and financial analyses to identify
potential building energy efficiency measures. The audit report will detail the building’s baseline energy use, the
energy savings potential of the identified retrofit and operational improvements, and a rank-ordered list of the
measures based on cost-effectiveness and any other priorities set by the building owner.

This final audit report is reviewed by the building owner and used to lay the groundwork to create a roadmap
of energy efficiency upgrades in the near, mid, and long-term. See Section 2.5 “Planning Energy Performance
Improvements” for more discussion on various energy efficiency implementation strategies.

Types of Audits

There are many approaches a building owner can take to complete an energy audit. The most common and
standardized audit approach is offered by ASHRAE. To streamline auditing efforts and provide a common set
of standards, ASHRAE has developed three levels of audits that increase in detail, depth of analysis, and cost
(Cowan, Pearson and Sud, 2004).

Preliminary Energy Use Analysis

All ASHRAE audits share a common foundation of preliminary energy use analysis. In its simplest form, this
analysis involves a review of historical total building energy use and cost, using utility bills from at least the
previous two years. The analysis will define the building’s Energy Use Intensity (EUI), showing the building’s
energy use on a per square foot basis. The building’s EUI can then be benchmarked against other buildings or
industry average. See Section 2.3 “Benchmarking Current Energy Performance” for more detail.

ASHRAE Level | Audit

The ASHRAE Level I audit builds on the preliminary energy use analysis with a brief walk-through of the
building and a survey of the building’s energy consuming equipment. Given the limited information gathered in
a Level I audit, the audit report will be limited to identifying no-cost and low-cost measures and recommending
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further investigation into measures that would require more significant investment. Estimated energy savings

and project costs are based on simple calculations and typically do not account for interactions between systems,
such as the reduced cooling load that results from the installation of more efficient lighting. Therefore, the energy
saving estimation at this audit level is not highly accurate and is not recommended for financial decision-making
on capital-intensive projects.

Consultants can perform a Level I audit, or it can be performed in-house by a building engineer.

ASHRAE Level Il Audit

A Level Il audit offers a more comprehensive look at building energy use through a survey of all building
systems, which is used to compute a breakdown of energy consumption by end-use, including heating, cooling,
and interior lighting. A Level II audit builds on a Level I audit by including a more in-depth investigation into
the overall performance of the major building systems. Level II audits usually include spot measurements and
time-series data logging of equipment to gain an understanding of system performance and to identify potential
measures. All practical measures will be analyzed in the audit report, which will provide, at a minimum,
estimated energy savings and project costs. For complex and capital-intensive measures, a Level II audit may
recommend further data collection and engineering analysis to increase the accuracy of estimated savings and
costs. A Level II audit is adequate for many buildings and measures.

ASHRAE Level Il Audit

A Level III audit offers the most detailed engineering and financial analysis. The results can be used with a high
level of confidence by the building owner to consider complex and significant capital investment decisions. For
this reason, Level III audits are often termed “investment grade” audits. A Level III audit builds on a Level II
audit by providing a more detailed and accurate analysis of building energy performance and identified measures.

The key feature of an investment grade audit is that it accounts for the interactive effects of all building system
improvements, often by using computer models to simulate building and equipment operations. This allows for
a rigorous total system engineering analysis that details the estimated cost and savings with a level of confidence
sufficient to support large financial decisions. In practice, Level II audits are used as the basis for many decisions
where the investment is modest or large returns overshadow any uncertainty. But when a large, expensive project
like a deep retrofit is under consideration, a Level III audit reduces the risk that important parameters were
assumed or that interactions were overlooked. Taking interactions into account may also lead to opportunities to
reduce equipment size. For example, energy efficient lighting and energy efficient windows may reduce cooling
loads enough to downsize HVAC equipment.

While a Level Il audit provides the most comprehensive estimates of cost and savings for potential measures,
these audits are costly and may identify more improvements than can be immediately implemented. When
ESCOs perform an investment grade audit as part of a performance contract, they often include financing options
to overcome this barrier. Section 2.7 “Financial Assistance for Energy Efficiency Projects” discusses the various
financing options.

EBCx Audits

The O&M measures discussed in this guide are low-cost strategies for optimizing existing building operations.
While Level I, 11, and III audits consider O&M measures, the unique nature of the EBCx process will likely yield
the greatest O&M savings. As a result, EBCx is often pursued independently before equipment retrofits. EBCx is
introduced here, as it relates to energy audits, and then Chapter 3 provides a detailed discussion of EBCx.
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An EBCx provider will often conduct a walk-through audit as part of the early phase of commissioning services.
The level of detail of this EBCx walk-through audit is comparable to an ASHRAE Level I audit. The in-depth
investigation portion of an EBCx project is comparable to an ASHRAE Level II audit, which results in a report
that identifies potential measures and estimates their cost and energy savings potential based on rigorous system
data collection.

The key distinction between EBCx and ASHRAE audits is that the EBCx process continues through
implementation, measurement and verification of savings, hand off to operations, and in some cases to ongoing
commissioning. EBCx typically also addresses non-energy aspects of building performance such as indoor
environmental quality, equipment life, maintenance costs, and assembly durability, to name a few.

Audit Cost

For the same building, costs increase from the Level I to Level 111 audit. However, for the same type of audit,
costs may vary dramatically from one building to another, depending upon such factors as location, building size,
and complexity of building systems and operation. The audit levels should also be considered as bands of quality;
within Level II audits, providers may deliver differing levels of comprehensiveness and detail. It’s generally a
good idea to check references or review an auditor’s sample work products for similar facilities to ensure that the
audit quality will support the type of decisions it is meant to support. The range of audit cost and quality is shown
in Figure 2.2.

All Systems

and System

One system Int i
Breadth of Audit nteractions

P Low cost, no
cost options

Level |
($0.02 - $0.06/ft*)

Level Il
($0.05 - SO

upny fo yidag

Major capital
V¥ investments

The range of audit costs are estimated based on market research and
previous estimates by the California Energy Commission (2000)

Figure 2.2. Audit Cost and Quality

As shown in Figure 2.2, audit costs span a wide range, particularly for the most complex, Level III audits. Part
of this range is due to geographic diversity of provider costs. It is also reasonable to consider that part of an audit
cost is fixed (e.g., reviewing utility bills), where another part of it varies with building area (e.g., investigating
lighting and HVAC systems). The fixed cost leads to higher per square foot costs for smaller buildings.

EBCx cost is typically towards the top end of the range for a Level II audit costs, or perhaps higher depending on
project scope. The higher cost is reflective of the fact that EBCx continues through implementation, hand off, and

potentially ongoing commissioning.
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Choosing an Appropriate Audit Level

Many factors figure in to the choice of an appropriate audit level, including audit cost, availability of funds for
energy efficiency upgrades, and the long-term strategy for the building. If a building owner is interested only in
obtaining a rough idea of a building’s potential energy savings opportunities, a Level I audit would be sufficient.
A Level | audit could, for example, be used to verify that the building portfolio prioritization achieved through
benchmarking is indeed reflective of the buildings’ energy saving potential.

For the standard energy efficiency retrofits outlined in this guide (e.g., lighting and HVAC upgrades), a Level

II audit would typically provide enough detail. For deeper retrofit measures that involve a longer return on
investment and more significant capital outlay, a building owner should complete a Level III audit to ensure cost
and savings estimates are as accurate as possible.

EBCx may be a standalone project or a complement to a retrofit projects. Standalone EBCx projects are common
where capital budgets are low, if there are known operational problems, or if the main focus is on improvements
with short payback periods. Availability of rebates from a local utility may also be a motivating factor.

Selecting a Qualified Energy Auditor

As the previous paragraphs have described, audits can be conducted with varying levels of detail and cost. Thus,
when selecting an auditor, it is important to clearly specify the scope of the audit and to verify that the auditor

is capable of delivering on that scope. For this reason, many building owners decide to select an auditor through
a competitive process. An open and competitive process offers insight into the range of qualifications and costs
that are available within the field of firms that offer energy audits. An owner’s basic process for competitive
selection of an energy auditor is as follows: Issue of a Request for Qualifications (RFQ), host site visits, evaluate
providers’ qualifications, interview top ranked firms, select an auditor, and negotiate a contract.

A competitive process is not always necessary to hire an auditor. It is also possible to take a sole-source
approach, particularly where an owner already has an established relationship with a firm that offers energy
audits. Directly negotiating a scope and budget with a preferred vendor is likely to be the quickest path to an
audit and offers the benefit of selecting a firm that has already proven its abilities. However, even with a preferred
vendor, it may be wise to examine examples of their past audit work and contact references.

Once an auditor has been selected, a contract is established to deliver a specified scope of auditing services.
The contract with an auditor details the scope of work that they are expected to perform, the specific personnel
assigned to the project, the project schedule and budget. It is also a good time to identify any support that the
building management team must provide to facilitate the audit. The project description from the RFQ will
provide a starting point, but the contracting process represents an opportunity to negotiate a specific scope of
work for the selected auditor tied to a maximum price.

2.4 KEY POINTS

= An energy audit involves pre-site visit analysis, on-site data gathering, and post-site visit analysis
and reporting.

= Energy audits detail current building energy performance and identify measure opportunities based
on energy savings and project cost estimates.

= ASHRAE’s three levels of audits provide varying degrees of analysis and detail that are suitable to
diverse scenarios depending on the building owner’s needs.

Office Buildings

= EBCx audits are similar to ASHRAE Level Il audits, but focus on operational measures and follow the
project through implementation, hand-off, and potentially ongoing commissioning.
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Additional Resources

Use these resources for more detailed information on energy audits.

» ASHRAE, “Procedures for Commercial Building Energy Audits”, 2004: A guide that offers a brief overview
of ASHRAE audit levels and template audit forms. Available for purchase; www.techstreet.com.

P Department of Energy, “Energy Savings Assessment Training Manual”, 2005: A thorough reference guide to
energy audits, including audit types, implementing audits, and diagnostic tools. Available for free download
online; www.eere.energy.gov.

» Rocky Mountain Institute, energy audit sample forms through Retrofit Depot. Available for free download
online; www.retrofitdepot.org.

P Environmental Protection Agency, “A Retrocommissioning Guide for Building Owners” 2007: A
comprehensive guide to EBCx projects; includes section on EBCx investigation. Available for free download
online; www.peci.org.

P California Energy Commission, “How to Hire an Energy Auditor To Identify Energy Efficiency Projects”,
2000: A guide that discusses procedures for selecting and contracting an energy auditor. Available for free
download online; www.energy.ca.gov.

2.5 Planning Energy

Performance Improvements N ——

. . . - Staged approach
Once benchmarking and audits have revealed the opportunities for - Integrated approach

performance improvements, a strategy can be designed for achieving
high performance buildings. With many variables at play, such as age
and condition of equipment, the timing and coordination of upgrades are
important considerations. A long-term and holistic vision for building upgrades offers the best potential to realize
the maximize return on investment.

= Additional considerations

Project Planning Approaches

The measures discussed in this guide are organized into three levels: (1) existing building commissioning
(EBCx), (2) standard retrofits, and (3) deep retrofits. Energy savings increase in magnitude as you move from
EBCx to deep retrofit, but adopting a plan that steps sequentially through each level is not necessarily the most
cost-effective approach. The following section will discuss two primary energy efficiency upgrade strategies, the
staged and integrated approaches, and describe considerations for choosing one strategy over the other.

Staged Approach

The key to the staged upgrade approach is to complete improvements to buildings systems in the order that
reflects the influence of one system on another. For example, inefficient lights add heat to office spaces that must
be removed by HVAC equipment during periods of cooling. By first upgrading lights, future HVAC system
improvements can be better optimized in a subsequent stage of the project. Under the staged approach, projects
are implemented in the order shown by Figure 2.3. Figure 2.4 provides an illustrative example of how the staged
approach might look on a project basis.

Office Buildings
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Step 1. EBCx process, O&M measures

/

Step 2. Load-based retrofit measures

- Lighting system retrofits
+ Plug and process load retrofits

+ Building envelope retrofits

{

Step 3. Air and water distribution system retrofits

{

Step 4. Heating and cooling plant system retrofits

Figure 2.3. Recommended Project Phases for a Staged Approach to Energy Efficiency Upgrades

Step 1: EBCx process, O&M measures

Step 2A: Lighting system retrofit

Step 2B: Add computer power management software

Step 2C: Add window film

Step 3A: VAV box adjustments

Step 3B: Air handling unit component retrofit

Step 4: Chiller retrofit

Figure 2.4. Example Project Using a Staged Approach to Energy Efficiency Upgrades

EBCx optimizes the performance of existing equipment, which provides a better baseline for determining

which retrofits will be cost-effective. In some cases, EBCx can improve the cost-effectiveness of subsequent
measures by showing where systems can be downsized when operated efficiently. In addition, the typically low
cost and quick returns of O&M measures makes them an obvious first step for building owners who want to see
immediate results with limited capital expense. The risk to completing EBCx first is that the system optimization
may need to be repeated as subsequent retrofits are completed. Carefully documenting EBCx measures can
reduce this effort.

After EBCx, completing measures that affect heating and cooling loads is the next step. A variety of measures fall
into this category. Some of them directly reduce energy consumption with cooling savings as an indirect benefit,
such as replacement of inefficient lighting. Others, such as building envelope improvements, solely reduce
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energy through indirect means. What they have in common is that all have an impact upon the building’s heating
and cooling demands. The more efficient lights will emit less wasted energy into the office as heat, and therefore
reduce the building’s cooling needs and potentially increase its heating needs. The envelope improvements may
reduce solar heat gain and thereby lower cooling needs. By first completing retrofits to these systems, the next
stage of retrofits can be optimized for the changed heating and cooling demand.

In standard retrofit projects, it is common to progress from the measures affecting heating and cooling loads to

a one-to-one replacement of components in the heating and cooling system. A 200-ton chiller is replaced with a
more efficient 200-ton chiller. In this standard approach, efficiency is no doubt improved, but a big cost saving
opportunity is missed. A carefully planned approach will look deeper, to identify where the heating and cooling
system can be resized to meet the demand of the optimized building. An engineering analysis may show that the
200-ton chiller could be replaced with an efficient 150-ton chiller. Not only does the smaller chiller cost less, but
it also performs better because it is a better match to the optimized building’s load.

Building owners must tailor their plan to match the needs of their building, so the staged approach presented
here may not always fit. Departing from the stages shown here may be necessary at times, to deal for example
with financial constraints or tenant needs. It’s a good idea for owners to at least investigate the potential for
implementing retrofit measures that will impact heating and cooling loads before embarking on a large scale
HVAC system retrofit. That way, the trade-offs that are being made can be clearly examined.

The primary benefit of the staged approach relative to the integrated approach, described below, is that the
upfront project costs can be spread over a longer period. Projects with quick paybacks are typically completed
first, and it may be possible to use the savings from these early projects to justify the costs of later stages. For this
reason, the staged approach may be ideal for organizations unable to justify one large upfront project cost for an
integrated retrofit package.

Integrated Approach

In contrast to the staged approach, the integrated approach to energy efficiency upgrades focuses on the
simultaneous retrofit of multiple building systems, with a package of measures of varying complexities and
financial benefits being installed at the same time. For example, a building owner may complete a lighting system
retrofit at the same time as increasing the amount of roof insulation and replacing the HVAC system.

The integrated approach is well-suited to building owners who either have ambitious energy savings goals to be
met in a short period of time, or have the opportunity to install deep retrofit measures due to planned changes in
a building’s systems, such as those that occur when a building is repurposed or undergoes a major renovation.
From a financial perspective, implementing multiple measures simultaneously has two distinct benefits:

P The overall economics of the project are often improved. Cumulative project costs can be reduced compared
to the staged approach, due to efficiencies from installing multiple measures at once. Lifecycle benefits may
be simultaneously increased, as energy savings begin at a high level, rather than phasing in over time as stages
are completed.

P The integrated approach allows for optimization of equipment sizes when multiple building systems and
assemblies are replaced simultaneously. For example, if lighting and HVAC systems are replaced, the HVAC
system designer can take into account the reduced cooling load achieved by the lighting retrofit, resulting
in a smaller cooling system. Though this can also occur in the staged approach, the integrated approach is
generally more conducive to identify such opportunities.

The integrated approach typically involves architects, design engineers, and potentially commissioning providers
working together as part of an integrated design process, where the various design disciplines coordinate closely
to design and specify systems and assemblies that will meet the owner’s needs as well as result in minimal
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energy use (Energy Design Resources, 2002). Retrofit systems are designed in concert, rather than as a sum of
individual parts, and the final design is evaluated using lifecycle economics. This process aligns well with the
design needs of the deep retrofit projects described later in this guide.

Additional Considerations

When developing a plan for any level of retrofit, it’s important to consider the potential need to install complex,
deep retrofits in the future. For example, if a building’s HVAC system is nearing the end of its useful life,
implementing retrofits that reduce cooling demand at the same time as replacing the HVAC system may allow
for the installation of a smaller HVAC system. However, if the HVAC system is replaced without first or
simultaneously completing the demand reducing retrofits, the HVAC system will be over-sized when those
retrofits are eventually completed, resulting in a higher than necessary HVAC system first cost and a lost energy
saving opportunity.

If the integrated approach is adopted for a project that includes the retrofit of the building’s HVAC system, it is
essential to understand the expected performance of the optimized building systems and ensure all of these loads
are met by the new HVAC system. For deep retrofits, it’s important that the design team consider the building’s
various systems and components as an integrated system. Members of the project team must coordinate to
minimize the expected energy usage of the building and meet the owner’s specific design goals. Because of the
complex interaction between systems, a whole-building energy modeling software program is often required for
the integrated approach.

Retrofits can substantially improve occupant comfort and productivity in a building. However, the process

of implementing retrofits may be disruptive to building tenants. Construction dust, noise or use of space may
disrupt tenant operations and comfort. Also, working around tenants increases the complexity of a job for the
construction crew. Some common strategies for mitigating these impacts are to schedule work outside of the
tenants’ normal business hours or to provide some form of compensation to tenants for any disruptions that
cannot be avoided. Including tenants early on in the discussion of a proposed project will help to provide tenant’s
with visibility into the long term benefits and to define a mutually satisfactory mitigation strategy.

After implementing retrofits, it’s important to verify that the systems are installed properly and operating
correctly to achieve the maximum energy savings potential of the retrofit. Appropriate measurement and
verification (M&V) approaches are discussed in Chapter 6 of this guide.

2.5 KEY POINTS

= The staged approach to energy efficiency project planning entails sequentially completing projects on
building systems. Systems that have a large potential to reduce load requirements of other systems
should be replaced first.

= The staged approach allows the savings of each completed project to support the business case of the
next project. With careful planning, annual energy savings may reach the same level as in an integrated
approach, but cumulative savings will always be less due to the delay in implementing some upgrades.

= The integrated approach focuses on the simultaneous retrofit of multiple building systems, with
measures of varying complexity and financial benefits being installed at the same time. Simultaneously
considering multiple measures allows the cost-effectiveness and energy savings of the measures to be
evaluated as a bundle, rather than individually.

= The integrated approach entails significant upfront project costs, but has the benefit of dramatically
reducing energy use over a short period of time, with corresponding benefits for the project’s lifecycle
cost savings.
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= The integrated approach utilizes an integrated design process, where the design team optimizes the
energy performance of the building as a whole rather than just the energy performance of individual
systems.

= A carefully planned approach will capture opportunities to resize systems to meet the demand of an
optimized building. “Right sized” systems typically cost less and perform more efficiently.

Additional Resources

» Environmental Protection Agency, “Building Upgrade Manual”, 2008: A strategic guide for planning and
implementing a profitable energy saving building upgrade following a five-stage process. Chapter 1 discusses
the staged approach to energy efficiency upgrades. Available for free download online; www.energystar.gov.

P Energy Design Resources: A website with resources and guidance related to integrating building system
design to achieve maximum energy savings. Most content is related to new construction, but the concepts are
applicable to deep retrofit projects. www.energydesignresources.com.

P ASHRAE’s “50% Advanced Energy Design Guide for Small to Medium Office Buildings”, 2011: Technical
guidance geared towards maximizing energy savings for new construction projects. Chapter 2 discusses the
integrated design process in detail. Available for free download online; www.ashrae.org.

2.6 Business Case for

Upgl‘adlng BUlldlng * Energy benefits
Pe rfo rm a N Ce = Non-energy benefits

Impact of lease structures
Energy efficiency upgrades often provide a generous return on = Building financial performance
investment. A study that reviewed nearly 200 projects in commercial
buildings found the vast majority of those projects achieved an internal
rate of return greater than 15% (Goldman, Hopper and Osborn, 2005).
The direct cost reductions that upgrades deliver through reduced energy = Choosing a financial analysis
use are complemented by valuable non-energy benefits. This section method

explores the benefits of energy efficiency and discusses the effect of

different lease structures on these benefits. Methods of cash flow analysis are presented to aid in evaluating
potential energy efficiency investments.

= Risks associated with inaction
= Estimating project value

Energy Benefits

The primary driver for most building owners to invest in energy efficiency is the direct benefit of reduced utility
costs. A typical office building’s energy costs are as much as 30% of the building’s overall operating costs

(Flex Your Power, 2011). Thus, reducing utility costs by 30% or more through a deep retrofit would deliver a
significant cut in total operating costs and for income-producing properties, a potential increase in net operating
income (NOI).

The energy benefit may also be leveraged for public recognition. Programs such as ENERGY STAR and LEED
offer buildings a way to receive public recognition for high energy performance. An ENERGY STAR rating

is a label of excellence in building energy performance. Buildings that achieve an ENERGY STAR energy
performance score of 75 or higher, on a scale of 1 to 100 (with 1 being the worst energy performer and
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100 the best), can receive the ENERGY STAR label. For an average performing building, with an ENERGY
STAR score of 50, an energy use reduction of approximately 30% will increase the ENERGY STAR score to
above 75, making the building eligible for an ENERGY STAR label (see Figure 2.5). This reduction is possible
with the implementation of a combination of the energy reduction measures outlined in this guide.
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75 = qualifies for
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Annual energy use reduction

Figure 2.5. Reduction in Energy Usage Leads to Increased ENERGY STAR Scores

To accurately estimate the value of a project’s energy savings, many variables need to be considered, including
operating schedules, equipment efficiency, interactions with other energy using systems, and energy costs,

which vary over time (Landsberg, Lord and Carlson, 2009). There are many approaches to estimating a project’s
energy savings potential. For simple equipment replacements, the most easily accessible estimate is often the
vendor’s published energy saving calculation. While this can be a good starting point, it’s essential to examine
the variables and assumptions used to calculate the savings value; for example, the vendor’s claims for cooling
savings may be based on a building in a very hot climate. Integrated, deep retrofits typically require savings to be
modeled using energy simulation software.

Estimating a project’s energy savings potential is challenging, but fortunately a number of tools have been
developed to calculate the energy usage of equipment and the potential savings of upgrades. Moreover, energy
auditing professionals and other contractors can be hired to complete the calculations. For a list of objective
calculator tools available online, see the Additional Resources at the end of this section. An additional calculation
resource is utility-sponsored energy efficiency programs, which will often provide calculations of potential
energy savings to program participants.

Non-Energy Benefits

While a strong business case can often be formed on energy cost savings alone, there are a number of other
benefits that can enter into project economics. These non-energy benefits may in fact be dominant project drivers
in situations where energy costs are less important to the bottom line. Non-energy benefits fall into two categories
— quantitative and qualitative — with examples provided in the following:

Office Buildings
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Quantitative Benefits
» Reduced O&M expenditures
P Extended equipment life

P Increased rental value; recent studies have found that office buildings with green certifications command 6 to
16% higher rents than otherwise comparable buildings (Eichholtz et al., 2009; Fuerst and McAllister, 2009)

P Improved occupancy rates; the same studies quoted above observed significantly higher occupancy rates for
buildings with green and efficient certifications (Eichholtz et al., 2009; Fuerst and McAllister, 2009)

Increased rents and improved occupancy translate to higher net operating income for a building owner. Using a
common calculation method presented later in this section, this equates to higher asset value.

Qualitative Benefits
P Reduced environmental impact of operations and progress towards sustainability-related objectives
P Marketing and PR value for energy saving practices and improved sustainability

P Improved indoor environmental quality (e.g., air quality, noise and lighting levels), which leads to more
satisfied building occupants and higher productivity

Impact of Lease Structures

For owner-occupied buildings, the owner bears the cost and enjoys the full financial benefit of energy efficiency
improvements, which produces a natural motivation to consider cost-saving upgrades. In income-producing
properties, the lease terms, which define how the costs and benefits of energy-saving upgrades would be allocated
between landlord and tenants, play a large role in determining each party’s motivation to pursue improvements.

There are three primary lease structures in commercial real estate (U.S. Environmental Protection Agency, 2007):

P Gross lease: The landlord pays all utility costs, and hence would capture any cost savings that result from an
efficiency upgrade. In a gross lease, the landlord’s motivation to invest in efficiency should be similar to that
of the owner-occupant.

P Net lease: The tenants pay all utility costs and are the initial beneficiaries of the cost savings from efficiency
upgrades. In a net lease, the landlord may be unmotivated to make upgrades due to an inability to realize
the operational cost savings produced by those improvements. Tenants, on the other hand, may be reluctant
to invest in upgrades to a building they do not own. Furthermore, in situations where the tenants’ share of
savings are allocated based on their share of the building’s rentable square feet, a tenant that occupies only a
portion of the building could find itself in a situation where it funds the entire cost of an upgrade to its own
space and receives a fraction of the resulting savings. These so-called “split incentives” can be a barrier to
energy efficiency in landlord/tenant settings.

P Fixed-base lease: The landlord pays utility costs up to a fixed amount (typically in the context of a “base
year” or “expense stop” calculation) with the remainder being borne by the tenant. In a fixed-base lease, the
exact terms defining the fixed and variable expense portions, including how annual adjustments are made,
determine the extent to which the landlord, the tenant or both enjoy the financial benefits of efficiency
upgrades made during the lease term.
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Adequate energy metering is also an important requirement for tracking and attributing energy project costs
and savings. Sub-building level meters allow energy use to be attributed to specific building systems or spaces.
In multi-tenant buildings, such meters interact with lease terms to define how project costs and savings may be
passed on to tenants. The building’s metering infrastructure has important implications for measurement and
verification (M&V) and continuous improvement activities through O&M, which are discussed in Chapter 6
and 7.

Overcoming the Split Incentive

There are several approaches to overcoming the so-called “split incentive” described above. First, lease language
could be crafted to ensure that the party that pays for an improvement is the one that receives the financial
benefits, enabling that party to recoup the first cost of the said investment. Many leases include language that
allows the first cost of an expense-reducing capital improvement to be passed through to the tenants at a pace that
is in line with the energy cost savings that are enjoyed by those tenants. This mechanism is particularly helpful in
the context of a net or fixed-base lease, where the typical lease structure offers limited means for the landlord to
recoup investments in efficiency.

Second, implementing a “green lease” can provide an even greater incentive for owners and tenants to cooperate
in the pursuit and realization of energy cost savings. Such leases typically include provisions that make energy
efficiency improvement a priority and help ensure that the party that pays for the increased efficiency is the party
that primarily benefits from it. Examples of resources for executing green leases include the Building Owners
and Managers Association (BOMA) International Commercial Lease and the California Sustainability Alliance’s
Green Leases Toolkit, both of which are listed in the Additional Resources at the end of this section.

Finally, an increasing number of studies are noting that higher performing buildings appear to enjoy higher asset
values, occupancy, and rental rates. These benefits provide strong financial motivation for landlords to invest in
efficiency upgrades even if their tenants would see all the direct cost savings initially.

Building Financial Performance e —

IMPACT ON ASSET VALUE

In an income-producing property setting, the energy and non-energy
benefits referenced above can result in either cost savings, increased
rental income (through higher base rent or lower vacancy), or both.

These benefits can drive improved financial performance for an income- an annual energy cost of
producing building in the form of both higher net operating income and $1.60/ft2. Assume that an

higher asset value. upgrade costing $2.00/ft2
produces persistent energy
savings of 25% or $40,000
annually, and that the lease
allows the owner to capture
those savings, increasing the
property’s NOI by the same
amount. At a 10% capitalization

Consider a 100,000-ft? income-
producing property with

Energy costs can comprise 30% or more of a building’s operating
expenses. But unlike some operating expenses, such as taxes and
insurance, energy should not be considered a fixed cost.

In situations where the leases allow the landlord to capture the financial
benefits of an expense-reducing capital project, that project holds the

potential to boost the property’s net operating income (NOI). NOI may rate, the property’s value could
also increase if the project enhances the property’s ability to attract increase by $400,000, which is
or retain tenants. If the property is perceived to have lower operating twice as much as the project’s
expenses or a “greener” profile in the wake of the improvement, base first cost.

rents may increase, which also improves the property’s NOI.

Assuming a stable capitalization rate, incremental NOI has the potential to increase the building’s appraised
value. A common method for appraising income-producing property is called the “Income Approach” where the
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NOI is divided by a “capitalization rate,” which can be described as the minimum rate of return required by an
investor who purchases the property without the use of leverage.

Asset Value = NOI/Capitalization Rate

Increase in asset value is important whenever a building is sold or refinanced. Valuation increase is also important
when an income-property owner needs to demonstrate an increase in equity; for example, in the context of
periodic portfolio assessments.

Risks Associated with Inaction

The preceding sections of this guide illustrate how planning and implementing energy-saving upgrades requires
proactive decision-making and some level of initial financial outlay. Energy and non-energy benefits will soon
pay back the initial investment, but there are definite organizational challenges to overcome when energy
efficiency is considered alongside the wide range of other ongoing activities and priorities. Improving energy
performance takes effort, and there are some risks to consider. However, there are market-related and regulatory
risks associated with inaction that building owners should also consider.

Market Risk

In recent years, energy efficient buildings have begun to demand a premium on the commercial real estate market
(Eichholtz, Kok and Quigley, 2009). As market awareness of energy issues grows and tenants increasingly
demand the disclosure of building energy performance scores (e.g., ENERGY STAR score), the market value
gap between high performance and lower performance buildings will continue to widen.

Energy prices represent another source of market risk to building owners. Energy prices have proven to be
tremendously volatile in recent years. The potential for future price increases should be considered in long-term
financial planning (Landsberg, Lord and Carlson, 2009).

Regulatory Risk

The threat of climate change has put the high energy use of buildings front and center in the efforts to reduce
national energy use and carbon emissions (Landsberg, Lord and Carlson, 2009). If policymakers choose to
regulate energy and carbon as a way to reduce energy consumption, energy producers will likely pass on the
additional costs to energy consumers. An energy efficient building would be less impacted by this cost increase
than inefficient buildings.

Estimating Project Value

Understanding the benefits of energy efficiency and the risks of the status quo provides a compelling argument
for energy efficiency upgrades. Once motivated, building owners will need to develop a project-specific
business case that will ensure that the project meets long-term cost-effectiveness requirements. The following
analysis methods quantify a project’s overall financial impact in different ways, and summarizes the benefits and
drawbacks of each approach.

Simple Payback Method

The most simple and commonly used financial analysis method is simple payback. Simple payback is defined as
the time, in years, for a project’s cumulative annual savings to equal its upfront cost. For example, if a lighting
retrofit costs $100,000 and saves $15,000 in annual energy costs, its simple payback would be 6.7 years.
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Simple payback does not take into account any benefits or costs that occur after the initial investment has been
recouped. A project can initially appear to be unattractive when viewed through the lens of simple payback
period, while a more complete economic analysis reveals it to be a highly profitable investment. Life-cycle cost
(LCC) analysis (see below) is more effective at identifying the best project option, once the costs and benefits of
each alternative are carefully analyzed and expressed in present value terms.

Net Present Value (NPV)

NPV offers a more rigorous analysis than simple payback by not only extending the analysis to include all cash
flows over the useful life of the project, but also accounting for the time value of money. The project’s cash
flows include the first cost, energy cost savings (which may be assumed to increase with rising energy prices),
and all other costs and benefits, such as O&M costs and any salvage value at the end of the analysis term. The
calculation of a project’s NPV depends on the discount rate selected as well as the length of the analysis term.

Discount rate is often defined as the investor’s minimum acceptable rate of return for an investment whose
length and risk profile match those of the project being evaluated. In an NPV analysis, the discount rate is used to
determine the present value of each cash flow, adjusting all cash outflows and inflows over the life of the project
to comparable dollar amounts today. The choice of a discount rate is critical; the chosen rate should reflect the
rate of return that could be earned on an investment of similar risk and duration.

A positive NPV indicates that the present value of the cash inflows is greater than the present value of the

cash outflows over the analysis term. A negative NPV indicates that the investment required is greater than the
project’s return, once all of the cash outflows and inflows are reduced to their present values and summed. Using
the same lighting retrofit example, the present value of future cash flows, assuming a 6.5% discount rate and a
12-year useful life of the lighting equipment, is calculated as $114,400. Subtracting the upfront project cost of
$100,000 produces an NPV of $14,400.

NPV is the primary metric used for economic analysis of the measures presented in this guide. See Appendix
10.4 for a detailed discussion of the NPV methodology as it is applied in this guide. The Additional Resources at
the end of this section offers publicly available tools to aid in NPV calculations.

Internal Rate of Return (IRR) and Modified Internal Rate of Return (MIRR)

IRR is related to NPV in that it defines, for a given series of cash flows and a specific analysis term, the discount
rate that would result in an NPV of zero. Investors sometimes compare their discount rate (or “hurdle rate”) to a
project’s IRR.

A significant shortcoming of IRR is that it assumes that all cash inflows over the life of the investment can be
reinvested at the IRR itself. In most cases, this is an unrealistic assumption. Fortunately, an alternative metric can
be calculated: Modified Internal Rate of Return (“MIRR,” which is sometimes called, “Adjusted Internal Rate of
Return” or “AIRR”). MIRR allows the user to specify the rate at which cash inflows will be reinvested during the
analysis term, yielding a financial metric that is more reasonable than IRR.

Life-Cycle Cost (LCC)

As the name implies, life-cycle cost analysis considers all cash inflows and outflows over the useful life of the
project, reducing each flow to its present value. When two or more mutually exclusive alternatives are being
evaluated, the one with the lowest life-cycle cost should be selected. That alternative will represent the lowest
cost when expressed in present value terms. NPV, discussed above, is a form of LCC analysis.

There are many resources available that provide more detail and tools for calculating LCC, including the
National Institute of Standard and Technology’s Life-Cycle Costing Manual and online Building Life-Cycle
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Cost Program tool. The Rocky Mountain Institute also offers a Microsoft Excel®-based LCC calculator called
LCCAId. See Additional Resources at the end of this section for a listing of these and other available tools.

Choosing a Financial Analysis Method

The basic characteristics of several commonly used financial analysis methods have been described; however,
there are many additional considerations specific to each method and for choosing between methods. Some
additional analytical considerations include:

P Double counting. Some measures have interrelated energy savings and thus financial impacts. It is important
to avoid double-counting savings to avoid skewing the analysis.

P Assumptions about future values. Future cash flows are dependent on dynamic variables such as energy
prices. A simple sensitivity analysis can reveal how changes in these assumptions would impact project value.

P The audience for the analysis. Some decision makers are only comfortable with certain methods of analysis.
This human factor is a key consideration when selecting an approach.

Generally, in situations where one needs to decide between mutually exclusive alternatives (e.g., one needs to
select a single chiller from a field of many possibilities), LCC methods offer a more realistic portrayal of project
economics. LCC is more rigorous because it accounts for all cash outflows and inflows over the analysis term
and uses time value of money to adjust each cash flow to its present value.

In situations where one needs to decide the order in which non-mutually exclusive alternatives should be funded
(e.g., one n