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EXECUTIVE SUMMARY

This building cost and performance measurement protocol was developed to provide a
tool that could generate results in high-level comparative measurements of sustainably
designed buildings. The metrics were selected for ease of collection, usefulness or
relevance of the information to sustainability and the expected quality of the data to be
collected. The data analysis and communication target the financial decision makers’
need for measured performance and cost data on sustainable design projects. This
protocol was not intended to answer all questions regarding the performance of
sustainably designed buildings, but rather to offer indicators of performance and cost to
further the knowledge base for the sustainable design business case.

This protocol includes two sets of metrics that need to be collected for both a sustainably
designed building and baseline: building and site characteristics data and building cost
and performance data. Each of the metrics identified in this protocol are considered
important to offer a representative indication of building performance, however, due to
anticipated data availability, some metrics have been identified as optional. The building
and site characteristics data in Table E.1 are used to normalize the monthly cost and
performance data for comparison.

Table E.1 Building and Site Characteristics

Metric Required Optional
Building Building Location Expected Building Life
Specifications address, city, state, zip code total years
Building Function Gross Ground Floor
stk @HAE | office, training facility, housing, etc. Footprint
ﬁ:z
Key Building Features Gross Conditioned Floor
landscaping, lighting, materials, etc. Area
ftZ
Year Building First Occupied or Parking Area
Year of Last Major Renovation ft? of pervious space
year ft> of impervious space
Gross Interiozr Floor Area Undevelopegl Site Area
ft ft
Landscaped Area Maintained Exterior Area
ft of pervious & impervious space ft?
Total Sige Area Gross Building Floor Area
fit ft®
Building Conditioned Volume
ft3
Occupancy Type of Occupant Occupant Gender Ratio
active military or civilian # of female & male occupants
Hours of Operation
Days & schedule for typical day
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Metric Required Optional
_— hrs
occupant hours/year
X X week
A ) Total Number of Regular
Occupants
total # of occupants
Key Policies (e.g., sick leave,
transportation, purchasing, etc.)
Summary of key policies
First Costs Total Building Cost Design Cost
$ $
§ § ’ ra ’ ra
Note what was included in total cost
Construction Cost
$
’ ra
Unusual Cost Elements
$/activity

The building cost and performance metrics (Table E.2) are collected monthly and
aggregated to provide annual values for comparative analysis. These metrics are the core
of the protocol as they are the indicators of sustainably designed building performance.

Table E.2 Building Cost and Performance Metrics
Metric Required Optional
Water Total Building Potable Water Indoor Potable Water
Use gal $
n gal $ month month
month month

Outdoor Water Use

gal $

month month
Storm Sewer

gal $

day month
Energy Total Building Energy Use Source Energy

kthelivered $ BtU kthource kg co,
month month month month kWh,, ..
Peak Electricity Demand

kW
Maintenance Building Maintenance Grounds Maintenance
& Operations | $ hrs # requests by type $ hrs

# preventative maintenance

kg of hazardous chemicals used

Vi
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Metric Required Optional
_ # maintenance staff
0 Churn Cost
$ MOVES,,,
churn occupant - year
MOVES furniture

occupant - year
movesconstruction
occupant - year

Waste Solid Sanitary Waste Recycled Materials
Generation yd? ton $ ft? ton $
P month month month month month month
Hazardous Waste
A gal kg $
year year year
Purchasing Environmentally Preferable
Purchasing
$A|| $EPP
year year
Occupant Occupant Turnover Rate
Health & turnover
Productivity year -
Absenteeism
absentees

L5

occupant - year

Building Occupant Satisfaction
and Self-Rated Productivity
survey data

Transportation

T

0D

Regular Commute

miles
mpg
week

The protocol was designed to be used as part of a comparative analysis of building
performance and cost. Several options for comparative analysis exist including model
data, design estimates, before and after scenarios, industry standards, matched building
sets, or databases of buildings related data. Once the cost and performance data from the
baseline and the sustainably designed buildings have been collected for a minimum of 12
months, the data must be normalized using the building and site characteristics data. For
example, the number of building occupants needs to be factored in when calculating the
indoor water use and cost. These normalized data are then analyzed side-by-side to offer
a comparative measurement of a sustainably designed building and a baseline. The data

vii
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could be displayed in a variety of ways depending on the audience. However, a report
template is offered with data display suggestions that target the financial decision maker
audience. The chart that compares the cost differences (Figure E.1) offers an overview
of the cost and performance data to financial decision makers.

$15

I~
8 o2 $ 1 O n
c £ £
o382
a—) 5 5 Total
= e Yearly
@) g % $ 5 | Energy Cost Avoidance
R First Water Waste
OE? Cost . M&o

$ $0 — . T . T T -

-$5

Building Cost & Performance Metrics
Figure E.1  Cost Comparison

For each of the cost numbers data charts that provide performance and cost details can be
generated. For example, energy cost could be reported on a monthly basis (Figure E.2).
Other reports can be prepared using the occupant satisfaction and productivity data such
as the example in Figure E.3.

|_

0  $0.20

O

O

>

%

M Traditional

I-IZJ $0.10 + B Sustainable
L

$
Mo $0.00 -

J FMAMJIJ ASOND
month
Figure E.2  Energy Cost Comparison
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Average Scores by Category

General Satisfaction-Building 6

General Satisfaction-Workspace i
Office Layout i g
Office Furnishings 4 o
Thermal Comfort ’
Air Quality
Lighting i
Acoustic Quality “

Cleanliness and Maintenance 4 ’T-’
Commute g

.13

3 -2 -1 0 1 2 3

Neg_ative Positive
\QTraditional Building QSustainable Building‘

Figure E.3  Occupant Satisfaction and Productivity Comparison

As with any measurement and data analysis activity, there are challenges with this
approach. The first challenge is the difficulty in identifying sustainably designed
buildings and comparable baseline to analyze. The next challenge is collecting a
complete set of data for the analysis which determines whether normalizing, comparing,
and compiling the cost and performance data will be a significant challenge. And finally,
clearly and accurately communicating the results to selected audiences is the purpose of
collecting the data. The protocol was designed to allow for flexible implementation to
address these challenges as appropriate. This flexibility may create another challenge
when data have been collected by multiple projects and data compilation is attempted.
The identification of a required set of metrics was an attempt to resolve this potential
future challenge.

Currently, the protocol is being used by the U.S. Navy to measure the performance of
seven sustainably designed buildings as compared to typically designed buildings in the
same location and with similar use profiles. Other Federal agencies and private
organizations are considering using the metrics as well. The performance and cost data
from the sustainably designed buildings could be used to develop new case studies for the
Federal portal to the High Performance Buildings Database.
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I. Project Overview

The purpose of this document is to provide a method and set of metrics (referred to as the
“protocol”) for the measurement of building cost and performance, as well as, to explain
the protocol development process. The compendium field guide offers a summary of the
tools for guiding the collection and analysis of the performance data (Building Cost and
Performance Metrics: Data Collection Field Guide). The metrics identified in this
protocol are intended to be indicators of building performance. They are not intended to
measure all aspects of sustainable building performance, but rather provide some basic
information about a building’s comparative performance with respect to sustainable
design.

The project overview section includes project background and scope (Chapter 1) and
project assumptions and approach (Chapter 2). The protocol development section
includes guidance on the building selection process (Chapter 3) and an explanation of the
metric selection criteria along with a summary list of the metrics (Chapter 4). The site
comparison metrics section describes how to use the building and site characteristics data
to normalize the collected indicator data for the comparative analysis (Chapter 5). The
building cost and performance metrics section provides details on each of the metrics
(Chapter 6-12). And the project results section offers sample reporting styles (Chapter
13) and a brief project summary (Chapter 14).

Chapter 1: Project Background and Scope

Sustainable design professionals’ intuition has been telling them for years that
sustainably designed buildings result in better buildings with lower operating costs, more
productive occupants, and a smaller environmental footprint than typically designed
buildings. Without formal operations data, there have been challenges gaining support
from some Federal financial decision makers for sustainable design.

At the same time, the number of sustainably designed buildings has been increasing, in
part as a result of relatively easy to use industry standards such as the U.S. Green
Building Council’s (USGBC) Leadership in Energy and Environmental Design
(LEED™) rating system for new construction. Plus, in recent years, many quality studies
addressing the business case for sustainable design have been performed. These studies
have provided data to address the perception of increased costs for sustainable design by
using design, manufacturer assumptions, and modeling to forecast the costs and benefits
of sustainable design. Examples of these studies include:

e U.S. Department of Energy’s (DOE) Office of Energy Efficiency and Renewable
Energy’s (EERE) Federal Energy Management Program (FEMP) in collaboration
with the Interagency Sustainability Working Group prepared The Business Case
for Sustainable Design in Federal Facilities. In this report two 20,000 square foot
simulated office buildings were compared for life cycle costs, environmental
impact, and societal impacts. [82]

e California’s Sustainable Building Task Force commissioned a study to evaluate
the business case for sustainable design, which concluded life cycle benefits of
sustainable design outweigh the initial first cost investment. This study used data
from actual buildings and through personal communications. There were a
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variety of baseline techniques used and costs were attributed to environmental and
productivity impacts. [53]

e The General Services Administration performed a cost study on two building
types to determine the first cost impacts of differing levels of the LEED™ rating
system. [37]

e Davis Langdon performed a study comparing the construction costs of sustainably
designed buildings with buildings that have similar functions but did not establish
sustainable design goals. The data for this analysis came from collected
construction costs and design parameters for approximately 600 projects. [56, 57]

In addition to the sustainable design business case studies, there has been progress in the
development of performance metrics for specific aspects or effects of a building,
including energy [64] and productivity [54, 45]. These studies tend to gather detailed
information in the targeted area and do not address other aspects of building performance.
The detailed information is very useful, for optimizing a building’s operation in that area.

The collection of sustainable design building case studies data has also been expanding.
For example, FEMP has sponsored a Federal portal to the High Performance Buildings
Database to increase the number of Federal projects included in this growing data set.
These case studies provide quality anecdotal stories regarding the success of sustainable
design practices and over time, will include a considerable set of building cost and
performance data. [83]

Most of the studies mentioned above used design assumptions, manufacturer
assumptions, and/or modeling forecasts to estimate the cost and benefits of sustainable
design. Although each of these studies offers useful information for sustainable design
professionals, they do not demonstrate the measured impact of existing sustainably
designed buildings. They offer evidence that investment in sustainable design is a cost
effective, long-term strategy; however, the data could be more convincing with measured
building cost and performance data [9, 10, 16, 29, 99].

The Building Cost and Performance Metrics project was initiated in fiscal year 2004 by
FEMP to address the need for measured building performance data that captures the
difference between sustainably designed and typically designed buildings. The scope
was to develop a relatively simple method for measuring building cost and performance,
which could be used to demonstrate the life cycle benefits of sustainable design to
Federal decision makers. The primary product of the project is the data collection
protocol described in this document. The protocol has a set of high-level metrics for
comparing the cost and performance differences of sustainably designed and typically
designed buildings.
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Chapter 2: Project Assumptions and Approach

The information available at the beginning of the project pointed to the need for
measured building performance data that could be translated into a cost value used to
further explain the life cycle benefits of sustainable design to financial decision makers.
To be useful to the Federal stakeholders, the data needed to be:
e Measured, not modeled;
e Relatively easy and inexpensive to collect;
e Representative of sustainable design principles, not just individual design
strategies such as energy efficiency; and
e Translatable into cost values that could be shared with the financial decision
makers to demonstrate performance in their language.
The project assumptions and approach are documented below to demonstrate how these
needs were translated into a comparative measurement protocol to address the
stakeholder interests.

2.1 Project Assumptions

There are several key project assumptions that helped define the project approach. One
of the first was the target audience(s). It was determined the primary audience for the
metrics and data collection protocol would be sustainable design professionals and
building managers interested in measuring building performance within the Federal
sector. The primary audience for the building performance and cost data (once it is
collected and analyzed) would be financial personnel responsible for submitting or
accepting budgets for design projects. Other key audiences include technical personnel
responsible for designing new buildings and management responsible for approving
design concepts and budgets.

The financial personnel may include the Office of Management and Budget,
Comptrollers, Asset Managers, Claimants, Chief Financial Officers, Third-Party
Financiers and others with similar financial oversight roles. As trusted stewards of
funding, these decision makers want to ensure that sustainable design offers a sound cost
investment. The types of questions the metrics would need to address for this audience
include:
e How does the first cost of sustainably designed buildings compare to the first cost
of typically designed buildings?
e How do the performance-based operating costs compare between sustainably and
typically designed buildings?
These questions are likely to satisfy the interests of other key audiences as well. It is
recognized that even when performance and cost data are provided to financial decision
makers, they may still run into known business practice challenges such as rules of thumb
for the cost of design and “lowest first cost” decision-making.
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2.2 Project Approach

The project approach involved identifying external reviewers for the project, developing
a set of metrics, testing the metrics, and finalizing a protocol that could be used to gather
data. A metric is a measurable characteristic, which for this project includes both
building performance and cost.

The first and most important step of the Building Cost and Performance Metrics project
was to establish a Technical Advisory Group (TAG) to help refine the project scope and
provide technical oversight to the development of the metrics and data collection
protocol. The TAG members were selected because of their expertise in sustainable
development and design within the Federal sector and their previously known interest in
building performance measurement. Over the life of the project there have been some
changes to the TAG membership, which is noted in the following list of members (in
alphabetical order):

Lucia Athens, Seattle Public Utilities Sustainable Buildings Program (former)

Cathy Berlow, U.S. Environmental Protection Agency

James Carelock, Jr., General Service Administration

Anne Crawley, U.S. Department of Energy

Beverly Dyer, U.S. Department of Energy (PROJECT OFFICER)

Robert Fallis, Environmental Protection Agency (former)

Steve Glover, Department of the Army

Don Horn, General Services Administration

Charles Howell, Washington State University (former)

Arun Jhaveri, U.S. Department of Energy

Mary Ann Lazarus, Hellmuth, Obata + Kassabaum (HOK)

Chris Long, Environmental Protection Agency (former)

Megan Moser, Green Building Alliance

Tom Paladino, Paladino & Company, Inc.

Dennis Talton, Department of the Navy

Joel Todd, Environmental Consultant

Andy Walker, National Renewable Energy Laboratory

James White, Environmental Protection Agency (former)

Through email communication, teleconferences, and two face-to-face meetings, the TAG
provided key insight into the needs of the Federal sector, assistance in identifying
buildings for testing the metrics, technical review of the building metrics, and guidance
on the process of building data collection within the Federal sector.

The group reviewed over 40 relevant documents to identify existing guidance on
sustainable design cost and performance metrics. Although the literature review did not
identify a set of metrics that met the project goal, it did provide several quality resources
that offered insight into what and how to measure building performance [e.g., 29, 39, 69,
70, 95]. From these sources a strawman set of building cost and performance metrics
was developed and shared with the TAG. The reference materials reviewed to identify
potential metrics can be found in Appendix G.
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The strawman metrics were used to guide the discussion of the first TAG meeting, held at
the Fort Lewis Army Installation in March 2004. The first order of business at the TAG
meeting was to refine the audience and scope of the project. Then metric selection
criteria were discussed and finalized (see Chapter 4). The majority of the meeting
focused on development and final selection of the metrics. This was accomplished by
having the TAG members add their top sustainable design metrics to the strawman
metrics, and then evaluating the list against the selection criteria.

Once the indicators were selected, the discussion focused on a pilot test of the metrics.
The initial discussion focused on testing the metrics on a building set (pair of buildings,
one sustainable and one typical) at Fort Lewis. However, during the course of the
meeting, it was discovered that a delayed Fort Lewis building occupancy date and the
deployment of building occupants to Iraq would impact the timeliness of pilot test data;
plus there was interest in having more than one building set as part of the pilot test.
Based on this guidance from the TAG members, each person was responsible for
identifying potential building sets that could be used to test the metrics.

During the months that followed the first TAG meeting, the project team and TAG
members searched for alternative building sets to use as part of the pilot study. In the
end, four different building sets were used to test the metrics:

Fort Lewis facilities in Tacoma, Washington,

Social Security Administration facilities in Woodlawn, Maryland,

Pacific Northwest National Laboratory facilities in Richland, Washington, and
HOK designed facilities in various locations.

Fort Lewis, south of Seattle, Washington, offered to be the first pilot test location for the
metrics. Over a 4-month period PNNL, tested the application of the metrics using two
Fort Lewis Battalion Headquarters facilities to determine the ease of collection as well as
to identify potential challenges with comparability, data accuracy, and data availability.
These two buildings serve the same function (office building) for two different active
military groups. The sizes of the buildings were very similar, and they were located
within one-half mile of each other. One of the buildings was built in the 1990s with no
intentional thought to sustainable design, while the second building was completed in
2004 and is expected to reach either “certified” or “silver” level using the U.S. Green
Building Council Leadership in Energy and Environmental Design (LEED™) rating
system.

The Social Security Administration Woodlawn facilities near Baltimore, Maryland
provided pilot test feedback on the metrics offering a different perspective from the
experience of data collection at Fort Lewis. The Woodlawn facilities were larger, were
owned and operated by two different entities, and the buildings had different fuel sources
for heating energy.

The Pacific Northwest National Laboratory facilities in southeastern Washington State
offered the most complete set of data for the pilot test. Although the buildings in this set
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were older and had only heating ventilation air conditioning (HVAC), lighting, and minor
plumbing differences, there were noticeable differences in building cost and performance.

The HOK facilities were not building sets but rather buildings HOK had designed and
previously documented in case studies. This pilot test focused on the data solicitation
response. HOK requested the entire set of metric data from their selected buildings, and
the response rate and content of the information provided was noted.

The information from the pilot test was used to clarify the metrics data collection
protocol and to aid in addressing potential data collection challenges. Lessons learned
that apply to the overall protocol use include:
e ldentifying and collecting data on sustainably designed buildings and an
appropriate baseline takes time and persistence.
e Collecting data on individual buildings located on campuses may require new
tracking systems to be put in place;
e Buildings need to be fully functioning and occupied for a minimum of 6 months
before performance and cost data are collected:;
e Engage building managers early in the process and keep them as leaders
throughout the measurement process;
e Consider forming a building team to assist in the data collection effort;
e If buildings are not individually metered, assess whether the cost and effort to
meter the buildings fit within the budget and time constraints;
e Hold teleconference(s) with each building team or point of contact to gather as
much information as possible prior to the site visit;
e Bring a digital camera, measuring tape, and a trundle wheel on the site visit;
e Outsourcing of building related services may complicate data collection and
interpretation efforts; and
e Significant data collection gaps between the sustainably designed buildings and
baseline will need to be addressed.

These lessons learned are being shared to assist with the future application of the
protocol. Many of these challenges will been to be addressed on a case-by-case basis.
Issues identified pertaining to a specific metric are discussed in the chapters providing
details on that metric.
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Il. Protocol Development

The protocol was designed to provide a high-level comparative analysis of sustainably
designed buildings to a baseline. Several strategies for building comparison were
considered for this project; building set comparison was chosen because of the volunteer
set of buildings available to test the metrics. This section describes the options for
building selection and provides an overview of how the metrics were developed.

Chapter 3: Building Selection

To initiate the comparative analysis, a sustainably designed building must be identified.
Sustainably designed buildings are buildings that have environmental, economic, and
social equity impacts incorporated into the design, construction, and operation alongside
life cycle cost considerations. Quality sustainably designed buildings have often used an
integrated design strategy. For the purposes of this project, a sustainably designed
building could be anything from a LEED™ platinum certified building to a building
claiming a considerable number of sustainable design features. The definition of
sustainably designed buildings could also be restricted to the U.S. Green Building
Council’s Leadership for Energy and Environmental Design New Construction (LEED-
NC™) certified projects. Although the number of LEED-NC™ Federal buildings is
growing rapidly, it was determined this would unduly limit the number of Federal
facilities available for comparative analysis given not all sustainably designed Federal
buildings apply for LEED certification. [71]

Once the sustainably designed building is identified, a baseline for comparison needs to
be established. The baseline could be:
e asingle typically designed building with a similar function,
a large data set of typically designed buildings,
modeled cost and performance data,
building industry standard data, or
a building previously occupied by the occupants currently residing in the
sustainably designed building.

Typically designed buildings are buildings where no or minimal extra consideration was
made to incorporate environmental or social equity impacts, and/or life cycle cost
considerations into the design, construction, and operation of the building. Using a
typically designed building for comparison will offer measured data for a side-by-side
performance and cost analysis for the sustainably designed building. The most
challenging aspect of this approach is the identification of buildings with similar
functions and occupants to be used for comparative analysis.

A large data set of 20 or more sustainably designed buildings and 20 or more typically
designed buildings would provide the information needed for a statistically significant
analysis of the building cost and performance metrics. However, this approach would
also require significant financial resources, as well as the need to acquire the willingness
of 40 or more building managers to provide the requested data, which at a minimum
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would be a daunting task. Ideally, enough data will be collected through the building set
approach to create a large data set over time. [28]

Business case analysis based on modeled and estimated cost and performance has been
performed for sustainable design projects [53, 82] and could be used to compare
measured performance and cost data of buildings in operation. Modeled cost and
performance data for a baseline building could be compared to measured performance
and/or modeled performance of the sustainably designed building. This approach would
offer a consistently prepared and documentable baseline. One challenge with this
approach is that modeling data are not always understood by financial decision makers.

Comparing sustainably designed buildings to industry standards would provide a
comparison to what is considered “normal” within the buildings industry. However,
explaining how one actual building compares to an ‘industry standard building” would
likely encounter similar challenges as that of modeling data when the results are
explained to the primary audience, financial personnel. Ideally, the industry standards
could be used along with other methods to offer an additional benchmark for comparison.
[54]

Evaluating the changes in costs and performance while following a set of building
occupants from a typically designed building to a sustainably designed building may
provide an easier comparison of occupants and productivity. However, the data on
building operation would need to be collected for a minimum of two 12 month time
periods in succession and then normalized for differences in weather and other events
that may have impacted the building costs and performance over that 2-year period. The
occupant data would need to consider how productivity measurements might be affected
by any change to occupant surroundings (e.g., the Hawthorne Effect). The final set of
data would only involve one to two buildings (as a result of the rare situation being
evaluated) and therefore, would offer more of a case study rather than a data set with
multiple buildings. [73]

The building selection scenario chosen for the pilot test of this project was a side-by-side
comparison of two buildings, one sustainably designed and one typically designed. This
pairing of buildings is referred to as a “building set” throughout this document. The
building set strategy was selected primarily because the Fort Lewis Army Installation
offered buildings that could be used to test the metrics in a building set approach, but also
because of the difficulties involved in using other methods, as described above. It was
recognized that identifying building sets would not be easy, but it would be possible and
this strategy would not inhibit the use of the metrics for use by different types of data
sets.

Basic building and site characteristics data (see Section 4.2.1) are collected for each
building in a building set to provide a basis for normalizing the cost and performance
metrics data (see Section 4.2.2) that will be collected over time. Before collecting data,
identifying a suitable building set is critical to the success of the measurement. The
buildings in the set need to:
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e Be the same building type or function (e.g., office, courthouse, training center,
etc.), to house similar occupant types and have similar water, energy, waste, and
maintenance needs;

e Be located near each other, to minimize the impact of different weather
considerations over the measurement period;

e House a similar occupant type (e.g., active military, government employees,
contractors, etc.), to minimize differences in policies, procedures and work ethic;
and

e Have been in operation for 6-months or longer, to eliminate the negative and
positive impacts of being located in a new space.

If these basic building set selection criteria cannot be met, adjustments will need to be
made to the metrics, collection data, and data analysis to produce a valid data set.
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Chapter 4: Metric Development

The metrics provided in this protocol, and summarized in this section, were finalized
using the selection criteria defined below. The selection criteria were also used to
determine whether or not the metrics should be considered required or optional. All of
the metrics identified in this protocol are desired for a complete comparable analysis of
building cost and performance, however, if it was determined that some may be more
difficult than others to collect consistently, they were identified as optional.

4.1 Metric Criteria

The final set of metric selection criteria were refined by the TAG (Table 4.1). [96] These
criteria were used to help identify and limit the number of metrics so that the final set met
the intent of the project, which is a simple yet technically defensible method of
measuring the performance of sustainably designed buildings.

Table 4.1 — Metric Selection Criteria

Ease of Collection

Availability: Information routinely collected for other purposes or by other entities.
Obtainability: Available via relatively simple measurement or collection procedures.
Cost: No cost or minimal cost to collect the data.

Time: Minimal time investment to collect the data.

Standardization: Frequently measured quantities with well-established collection
procedures where feasible.

Public: Based on data that can be shared with the public.

Usefulness of Information

Relevance: Representative of sustainability.

Importance: Having a large sustainability impact potential.

Comparability: Amenable to normalization for comparisons over varying climates,
years, and uses where feasible.

Utility: Usable for additional purposes where feasible.

Quality of Data

Quantification: Numeric measurements facilitating both absolute and relative
sustainability performance assessments where feasible.

Accuracy: Reflective of the actual state of the system.

Precision: Minimal error in metric measurement.

Clarity: Well-defined, easily communicated, and clearly understood among multiple
parties.

Simplicity: Minimal normalization or manipulation of data.

Based on the experience of trying to collect and analyze data for each of the metrics, each
metric chosen by the TAG was scored for how well it met each of the criteria (Table 4.2).
If the metric is expected to easily meet the criterion in most cases, it is shaded green. If
the metric did not meet the criterion, it is shaded orange. If the metric could meet the
criterion in some but not all cases, it is shaded yellow.

10
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Table 4.2 — Selection Criteria: Analysis by Metric

Ease of Collection Usefulness of Information Quality of Data
IS
O
Criteria S/ S $/s/8 SYLYAS $
F /s s/ fo /8 /ZF S /0 /5 /S /8
NG S kS S AN $ Q =) IS $ N S S
> /8 /s /& /S /S [2 S /& /& > /S /5 /8
/S /S /S /)2 /S ) /)K&)S /SYF /S /& /& /.E
NVANVASASNNA AN L ASNASNNSY WA FE WAL
Water
Total Building Potable Water Use
Indoor Potable Water Use
Outdoor Water Use
Total Storm Sewer Output I I |
Energy

Total Building Energy Use
Source Energy
Peak Electricity Demand

Maintenance and Operations
Building Maintenance

Grounds Maintenance

Churn Cost

Waste Generation

Solid Sanitary Waste

Hazardous Waste

Recycled Materials

Purchasing

Environmentally Preferable Purchasing (EPP)
Indoor Environmental Quality (IEQ)
Occupant Turnover Rate

Absenteeism

Building Occupant Satisfaction

Self-Rated Productivity

Transportation

Regular Commute

T B

Key
Meets criterion majority of the time
Meets criterion with effort or depending on building location or existing building systems

Does not obvioiusly meet criterion majority of the time

To ensure the metrics were dispersed across the principles of sustainable development
and design, they were reviewed for their impact on economic, environmental, and social
equity indicators. The economic indicators include design and construction cost,
operating cost, occupant cost, and productivity. The environmental indicators include
global climate change, resource use, waste generation, and toxicity. The social equity
indicators include human health, occupant comfort and/or convenience, and community
impact. Table 4.3 shows which of the sustainability indicators each of the building cost
and performance metrics will be addressing.

11
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Table 4.3 — Sustainable Development and Design Indicators: Analysis by Metric

Economic Environment Equity

Sustainability

Water

Total Building Potable Water Use
Indoor Potable Water Use
Outdoor Water Use

Total Storm Sewer Output
Energy

Total Building Energy Use
Source Energy

Peak Electricity Demand X X
Maintenance and Operations
Building Maintenance X X X X
Grounds Maintenance X
Churn Cost X X X X X
Waste Generation
Solid Sanitary Waste
Hazardous Waste X
Recycled Materials X
Purchasing

Environmentally Preferable Purchasing (EPP)
Indoor Environmental Quality (IEQ)
Occupant Turnover Rate

Absenteeism

Building Occupant Satisfaction X
Self-Rated Productivity X
Transportation
Regular Commute X

X|X|X|X

x
x

X|IX|>x
X|X|>

=
x
x
=

XXX
XXX
XXX
x
x
Dad Bl Bt

x
x
x
x
x

XX XX
x
XXX

x
x
x
x
x
x

4.2 Metrics Summary

The metrics, or measurable characteristics, were developed, reviewed, and tested to
ensure they were technically feasible and defensible. The information that needs to be
collected from each building to produce comparable measurements has been broken into
two groups:

1) Building and Site Characteristics and

2) Building Cost and Performance Metrics.

The building and site characteristics are used to provide a valid comparison between
buildings. The building cost and performance metrics are used to measure the actual
performance of the building over time. The performance of the individual buildings will
be measured with a minimum of 12 months of data.

12
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4.2.1 Building and Site Characteristics

The building and site characteristics describe the uniqueness of a building. These data
will be collected one time and used to normalize the data collected from the building
performance metrics. Some data are required to complete the analysis; optional data
provide a more complete picture but are not necessary to accurately compare building
performance. These data will be collected from the building owner, manager, and/or
others as needed, and should be completed prior to the analysis of building cost and
performance metrics. Table 4.4 offers a summary list of the required and optional
building and site characteristics data needs.

Table 4.4 — Summary of Building and Site Characteristics

el 5.

Building Specifications
Required Optional
Building Location Expected Building Life
Building Function Gross Ground Floor Footprint
Key Building Features Gross Conditioned Floor Area
Year Building First Occupied or Year of Parking Area
Last Major Renovation
Gross Interior Floor Area Undeveloped Site Area
Landscaped Area Maintained Exterior Area
Total Building Site Area Gross Building Floor Area
Building Conditioned VVolume

X

Occupancy

Required Optional

Type of Occupant Occupant Gender Ratio

Hours of Operation

Total Number of Regular Occupants

Key Policies (e.g., sick leave,
transportation, purchasing, etc.)

J §

First Costs

Required Optional

Total Building Cost Design Cost

Construction Cost

Unusual Cost Elements

13
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4.2.2 Building Cost and Performance Metrics

Building cost and performance metrics provide quantitative measures of building
operations over a minimum of 12 months. Most of these data will be collected monthly
and summarized into annual performance data. For each of the following categories of
metrics, the specific data points that will be collected are described in Table 4.5.

=  Water

= Energy

= Maintenance and Operations

= Waste Generation

= Purchasing

= Indoor Environmental Quality and

= Transportation.

Many of the metrics are required in order for the analysis of the building performance to
be representative of sustainable development. However, some of the metrics, for
example stormwater sewer output, are considered optional because they may be too
difficult and/or costly to measure, but have the potential of significant environmental,
social, and economic impact. It is left to the discretion of those performing the analysis
to determine whether the effort to collect those data is feasible.

Table 4.5 - Summary of Building Cost and Performance Metrics

Metric Required Optional

Indoor Potable Water

@ Water Total Building Water Use Outdoor Water Use
Total Storm Sewer Output
A | o Source Energy
® Energy Total Building Energy Use o
Peak Electricity Demand
(] i Grounds Maintenance
1?@ Malntepance & Building Maintenance Requests
: Operations Churn Cost
ae . . . .
%, Waste Generation Solid Sanitary Waste Recycled Materials
. Environmentally Preferable
Purchasing .
Purchasing

Occupant Turnover Rate
Occupant Health & Absenteeism
Productivity Building Occupant Satisfaction

Self-Rated Productivity

]

%)

Transportation Regular Commute
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lll.  Site Comparison Metrics

As mentioned previously, this protocol offers performance indicators of sustainably
designed buildings using a comparative analysis. To be able to use the protocol, there
must be the ability to collect the same data from both a baseline and a sustainably
designed building in operation. The building and site characteristics data offer the basis
for comparing the monthly and annual cost and performance data. Sample tools for data
collection, compilation and analysis are provided in Appendix D.

Chapter 5: Building and Site Characteristics Data Collection

The building and site characteristics include building specifications, occupancy, and first
cost data. These data form the basis for normalization between a sustainably designed
building and a baseline to compare the annual cost and performance data. A complete set
of the building and site characteristics data can be found in Appendix B.

5.1 Building Specifications

The building specifications data are critical to the comparative analysis. The required
and optional building specifications data needs are outlined in Table 5.1. The building
function must be similar for the analysis to continue; otherwise building performance
data would be too difficult to compare using the selected cost and performance metrics.
The building location is used to address any potential weather differences. The key
building features provide the differentiation between the sustainably designed building
and the baseline. The year of first occupation or last major renovation is used to compare
potential maintenance and operations differences. The remaining building specifications
data are considered geometry metrics, and require standardized collection to provide for
consistent analysis of the cost and performance metrics.

Table 5.1 — Building Specifications

Metric Required Optional
Building Building Location Expected Building Life
Specifications address, city, state, zip code total years
o Building Function Gross Ground Floor Footprint
office, training facility, housing, etc. ft?
Key Building Features Gross Conditioned Floor Area
landscaping, lighting, materials, etc. ft?
Year Building First Occupied or Year Parking Area
of Last Major Renovation ft? of pervious space
Year ft> of impervious space
Gross Interiozr Floor Area Undevelopegl Site Area
ft ft
Landscaped Area Maintained Exterior Area
ft of pervious space ft?
ft? of impervious space
Total Site Area Gross Building Floor Area
ft? ft®
Building Condigioned Volume
ft

15
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The required metrics must be collected consistently for each building being used for the
comparative analysis. Optional metrics may be considered essential given certain
building characteristics; for example, if the building has interior parking, it would be
essential to know the area of the interior lot. [92]

5.1.1 Geometry Metrics

Building and site geometry metrics provide information about the resource efficiency of
space and other resource use and are used to normalize water use, energy use,
maintenance, purchasing, and waste cost and performance indicators. These cost and
performance indicators are also normalized by occupancy and first cost.

Geometry metrics specifically developed for use with energy analysis and measurements
have been developed by the National Renewable Energy Laboratory (NREL) [26] and are
largely referenced here. These are based in part on building geometry definitions set out
in the American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) Standard 90.1 for energy requirements [3]. Floor area definitions developed
by Building Owners and Managers Association (BOMA) [11] are American National
Standards Institute (ANSI) approved for use in negotiating contracts of leasing, space
use, and expense allocations. Geometry definitions for building management, space use
planning, classification of functional space, and occupant requirements have been
developed by the American Society for Testing and Materials (ASTM) [1].

5.1.2 Definitions and Discussion of Geometry Metrics

Gross Interior Floor Area

Definition

Gross interior floor area is measured from the inside surface of the exterior walls on a
floor-by-floor basis and consists of all enclosed spaces. [26]

Relevance

Resource use and cost values that are relevant to the building interior will be normalized
according to gross interior floor area. Resource use quantities include materials
purchasing, waste output, indoor water consumption, energy consumption, and
maintenance costs. The performance and cost metrics will also be normalized to
occupant density (occupants/square feet).

Landscaped Area

Definition

Landscaping includes non-parking developed area associated with the building. Parking
areas that require landscaping maintenance such as permeable vegetated surfaces and
vegetated islands are included. Other non-parking development including patios,
walkways, decorative fountains, and water treatment pools are included. Green roofing is
not included in landscaping area unless it can be considered a garden for occupant use.
Undeveloped site areas including conserved or restored wetland, prairie, or other habitat
are not included.

16
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Relevance

Landscaping area will be used to normalize exterior water use and grounds maintenance
costs. The intent is to determine how sustainable landscaping strategies affect material
costs, time spent, and water use.

Total Site Area

Definition

Total site area includes areas for the building, landscaping, parking, and undeveloped
land primarily associated with that building (Total Site Area = Building Footprint +
Undeveloped Site Area + Landscaped Area). For stand-alone facilities, the site area is
equal to the lot area. For campus buildings, exterior areas are assigned by on-site
personnel. Clear space divisions such as streets, streams, hedges, and fences can be used
to apportion grounds areas to the extent possible. Other considerations include what site
area needs to be considered for collection of other metrics, such as grounds maintenance,
water use, and stormwater outflow.

Building exterior area includes all exterior landscaped area whose irrigation water use is
considered part of the building. Inseparable stormwater outflow routes associated with
the building can be included if stormwater is going to be measured. Parking areas
serving more than one building are assigned proportionally according to building
occupancy at peak time.

Relevance

Total site area will be used to provide overall site comparison for selected resource use
metrics. It supports the analysis of the storm sewer metric for the calculation of site
related runoff. Note that the storm sewer metric is optional.

Additional geometry metrics would be useful for more in-depth understanding of
building sets. Optional geometry metrics will be collected as they are available and/or
needed for building set features.

Gross Ground Floor Footprint (optional)

Definition

Gross ground floor footprint is the surface area covered by the building’s enclosed spaces
at grade level, measured from the outside face of exterior walls.

Relevance
Subdividing total building site area into components allows alternative normalization
options for resource and cost measurements.

Gross Conditioned Floor Area (optional)

Definition

Gross conditioned floor area is all of the conditioned spaces measured from the inside
surface of the exterior walls. A conditioned space is an enclosed space within the
building that is cooled, heated or indirectly conditioned. This area is equal to the gross
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interior floor area minus the floor area of unconditioned spaces and the exterior walls.
[26]

Relevance
Conditioned floor area allows for a more precise determination of energy use intensity
(EUI) in terms of functional conditioned space.

Parking Area (optional)

Definition

Parking area includes all usable capacity including underground lots and parking garages.
This is measured on a floor-by floor basis from the interior wall, excluding stairwells,
elevators, and any other areas not usable for parking. Include information on permeable
and impermeable parking area, when appropriate.

Relevance

Parking area may be used for a maintenance cost per unit area or for a parking area per
occupant. Impermeable surface area information along with measured stormwater runoff
data will help evaluate the impact of surface area types and stormwater management
efforts.

Undeveloped Site Area (optional)

Definition

Undeveloped site area consists of preserved or restored natural habitat including forest,
prairie, or wetland that can be associated with the building.

Relevance

Subdividing total building site area into components allows alternative normalization
options for resource and cost measurements. Site management costs can be determined
both including and excluding undeveloped area stewardship and restoration costs.
Stormwater outflow measurements can be normalized both including and excluding
undeveloped site areas.

Maintained Exterior Area (optional)

Definition

Maintained exterior area accounts for land area that requires labor and materials input,
including parking, landscaping, and other hardscapes, but does not include undeveloped
land or building footprint.

Relevance
Subdividing total building site area into components allows alternative normalization
options for resource and cost measurements.
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Gross Building Floor Area (optional)

Definition

Gross building floor area is the enclosed space measured from the outside face of exterior
walls on a floor-by-floor basis and includes basements, mezzanines, penthouses, vertical
penetrations (such as elevator shafts and stairwells), and interior parking. [26]

Relevance

Gross building floor area offers an alternative normalization from gross interior floor area
for determining whether resource use metrics are accurately portraying building
performance.

Gross Conditioned Volume (optional)

Definition

Gross conditioned volume includes the gross interior floor space and height with specific
room dimensions as needed. The interior height is measured from floor surface to the
bottom of the floor surface in multi-story buildings or inside the surface of the roof. Itis
calculated on a floor by floor basis with unique spaces, such as atriums, being calculated
separately.

Relevance

This metric allows for the normalization of energy consumption by volume rather than
area, offering additional detail for conditioned space with high ceilings (e.g., atrium,
auditorium, gymnasium, etc.).

5.1.3 Data Collection

Building and site geometry metrics will be determined on an as-built basis with one of
two methods.
1. Geometry metrics can be determined from as-built drawings with site walk-
through inspection of questionable features.
2. Geometry metrics can be determined directly from measurements.

5.2 Occupancy

Building occupants are the most significant factor in sustainable building operations.
Occupants that choose to work in a sustainable manner regardless of their facility
surroundings can greatly impact the performance and operating cost of a building. For
example, a building that has occupants who take advantage of daylighting rather than
turning on lights will be impacting the energy use, maintenance and waste generation
metrics. Occupants committed to recycling will be impacting the waste generation metric
through reduced waste disposal and increased recycling. And, occupants that chose to
commute to work using mass transit, carpools, fuel efficiency vehicles or bicycles will be
impacting the transportation metrics. The occupancy metrics will not address all the
potential impacts occupants will have on building performance. However, they were
selected to characterize the occupants in order to normalize the building cost and
performance data for comparative analysis purposes. The required and optional
occupancy-related data needs are outlined in Table 5.2.
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Table 5.2 — Occupancy

Metric Required Optional
Occupancy Type of Occupant Occupant Gender Ratio
- active military or civilian # of female & male occupants
X Hours of Operation
l' \ Days & schedule for typical day
hrs

occupant hours/year
week

Total Number of Regular Occupants
total # of occupants

Key Policies (e.g., sick leave,
transportation, purchasing, etc.)
Summary of key policies

In the Federal sector, type of occupant refers to whether the occupant is active military or
is considered a civilian. This is considered relevant because of the anticipated difference
in occupant expectations and the potential for different turnover rates and churn costs.
The hours of building operation will be used to normalize the energy and water
consumption. The total number of building occupants will be used to assist in the
comparative analysis of resource use. The occupant density will also be used to
normalize the cost and performance metrics as appropriate. The occupant gender ratio is
especially useful when normalizing building water use. The policies of the organizations
in the building will be used to normalize the observed occupant behavior. For example,
if sick leave policies are different for the occupants in the sustainably designed building
than for those in the baseline, the absenteeism metric may be impacted. An example that
could impact the transportation metric could be when an organization offers incentives
for using mass transit. These policy differences will be used to normalize and/or
anecdotally note how the policy impacted the building cost and performance comparative
analysis.

Detail on building occupants might be available from the human resources manager,
organizational line manager, or equivalent. Building managers are typically the best
source for building occupancy hours. Local area network managers may have
information regarding the average number of workers and typical weekly operating hours
if the data are not available from the building manager. [88]

5.3 First Costs

As mentioned previously, the primary audience for the data generated from the building
metrics is financial decision makers. The questions that the primary and secondary
audiences want to have answered include a comparison of the first cost investment to the
on-going operating costs. To compare the operational costs to the initial investment, first
cost data need to be collected. The required and optional first cost related data needs are
outlined in Table 5.3.
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Table 5.3 — First Costs

Metric Required Optional

First Costs Total Building Cost Design Cost
$ $
§ 8§ ’ ra ’ ra

plus a notation of what is included in
total cost

Construction Cost
$
s ra

Unusual Cost Elements
$/activity

The protocol uses the total building cost to compare the sustainably designed building to
the baseline. For the comparison to be useful, both the sustainably designed building and
the baseline need to include the same items in their total cost number. Ideally, design
cost, construction cost, and any other relevant cost data would be collected to allow for a
detailed comparison.

A study by Davis Langdon demonstrated that the first cost of the sustainably designed
buildings varied tremendously based on the clarity of design objectives and many other
causes that weren’t always correlated with sustainable design. [56, 57] Notations on
reasons for specific cost elements will be taken when available to assist in the building
cost comparison.
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IV. Building Cost and Performance Metrics

The building cost and performance metrics are the core of this protocol. Once buildings
and comparison scenarios have been selected, these data are collected for both the
sustainably designed building and baseline for a minimum of one year. These metrics are
intended to be used as indicators of the comparative performance in order to provide
additional data for the business case for sustainable design.

The building cost and performance metrics are collected on a monthly basis, normalized
using the building and site characteristics data, and then used to compare the performance
of the sustainably designed building to the baseline. These metrics include water, energy,
maintenance and operations, waste generation, purchasing, indoor environmental quality,
and transportation. A complete listing of the building cost and performance metrics can
be found in Appendix C.

The metrics are designated as required or optional. The required metrics must be
collected consistently for each building to allow for a valid comparison. The optional
metrics are still considered important to the cost and performance comparison and should
be collected whenever possible.

Prior to initiating a comparative analysis, use the building and site characteristics to
determine if comparable buildings exist. For the sustainably designed building and the
baseline ensure you can collect monthly whole building water use and cost, whole
building energy use and cost, building maintenance activity and cost, sanitary waste
quantity and cost, and occupant turnover and absenteeism rates. This will require access
to utility bills, metering equipment, and/or internal tracking systems. The chapters in this
section provide definitions, suggested data collection and calculation strategies, and share
potential issues and lessons learned for each of the building cost and performance
metrics.

Chapter 6: Water

Potable water consumption is the building utility cost that is second only to energy use.
Therefore, there is a direct monetary incentive to track and decrease water consumption.
Stormwater management is a water use topic gaining more attention as local or regional
governments are confronted with infrastructure and environmental costs caused by
stormwater outflow volumes and quality.

Table 6.1 provides the summary of the required and optional potable water and
stormwater metrics. This chapter offers an explanation of the water metric selection and
relevance, guidance on how to collect and analyze data for each metric, and identification
of potential issues and lessons learned that may be encountered with data collection or
analysis.
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n Water

Metric Collection Units

Required

Total Building Potable Water Use gal $
month month

Optional

Indoor Potable Water Use gal $
month month

Outdoor Water Use gal $
month month

Total Storm Sewer Output gal $
month month

6.1 Metric Discussion

To determine which water metrics would best represent a building’s cost and
performance, a water use hierarchy was developed (see Figure 6.1). The hierarchy
guidance along with the TAG recommendations resulted in the water metrics found in
Table 6.1. Total building potable water use is the required metric because not only does
it represent costs and resource use, but it is also a local government issue in many places.
The optional water metrics are important and data should be gathered whenever feasible;
however, they are more difficult to collect in a consistent manner, which is why they

have been listed as optional.

Total Building
Water Use

Indoor Building Gray Water Outdoor
Water Use Sewer Reuse Water Use
[ C—

Potable vs. Potable vs.
Non- Potable Non- Potable

Stormwater
Management

I

Total Storm
Sewer Output

Stormwater Stormwater
Retention Runoff

J

Peak Storm
Sewer Output
Events

Stormwater
Treated Prior to

Release

[Dishwashing] [ Cooking ][ Ice Maker ] [Closed Loop] [Once Through]

1 1
[ Toilets ][Faucets][ Urinals ][Showers]

— | [ Landscape ] [ Other
‘ Process Building
Water ] [ Systems
| | |
- I I I - Permeable Impermeable
[ Kitchen ][ Laundry] [Bathroom][ Cooling ] Surface Surface
. | | I_I_I

Figure 6.1 — Water Use Hierarchy
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Total Building Potable Water Use

Definition

Building water use includes all indoor and outdoor water use taken from a well or
centralized water distribution. The potable water use volume metric does not include
captured stormwater or reused gray water. Potable water use cost can include costs
assessed for sewage treatment as long as both buildings in a set are measured the same
way. Varying regional price structuring and metering may alter what data are readily
available via utility bills. Measurement and Verification Guidelines for Federal Energy
Management Projects offer detailed concepts in quantifying water consumption and cost.
[85]

Relevance

Water consumption allows for a building systems performance comparison; water use
cost allows for an economic comparison. The total potable water use metric is likely not
as instructive as values given when indoor and outdoor water use are separated, resulting
in uncertainty regarding the reasons behind a more efficient water system. However, if
separate metering is not available, this metric will be used, and individual uses may be
calculated based on this total consumption.

Indoor Potable Water Use (optional)

Definition

Building interior water consumption includes that portion of potable water use used in the
building interior, including bathrooms, mechanical systems, laundries, and kitchens.
Water used and discharged for cooling through once-through or cooling tower systems is
included here. It does not include irrigation or other exterior water use that is routed
through the interior building plumbing system.

Relevance

Building interior planning efficiency and fixture efficiency are represented by this metric.
Comparisons of this indoor water use will likely be very meaningful because they are
evaluated among buildings with similar functions on both per unit area and per occupant
basis.

Outdoor Water Use (optional)

Definition

Exterior water use includes potable and irrigation water use. Captured rainwater and
reused gray water are not included in the volume metric, but estimated volumes should be
included in the key building features metric.

Relevance
Comparison of area-normalized outdoor water use will allow an evaluation of the relative
cost and performance efficiency of sustainable landscaping strategies.
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Total Storm Sewer Output (optional)

Definition

Total storm sewer output is the metric being used to represent the volume of stormwater
directed off the building site. Stormwater fees are generally assessed through taxes based
on area, urban density, or impermeable surface area because outflow volumes are rarely
metered.

Relevance
Total storm sewer output is an indicator of the effectiveness of site related stormwater
management.

6.2 Data Collection and Calculations
Water use data will be collected from utility bills and/or installed metering.

Total Building Potable Water Use

Total building potable water use will generally be collected from one water use utility bill
that includes sewer costs. If outdoor, indoor, sewer, and storm sewer costs are itemized
in billing, they can be used separately for the optional metrics as well as be combined for
this metric.

Indoor and Outdoor Water Use

Ideally indoor, outdoor, and primary end uses would be metered separately and the
information would be available in 1-hour increments. Advanced building management
systems may have collected end use information including irrigation, cooling tower, or
chilled water use, which can be used if individual utility metering is not available. If no
detailed metering data are available, utility bills that provide the indoor, outdoor, and
sewer measurements separately can be used.

Not all utilities measure indoor use, outdoor use, and sewer output separately but rather
use a seasonal variance method of determining water use. The seasonal variance method
will generally assume that indoor water use remains constant during the course of the
year, but cooling tower and irrigation water uses fluctuate with season. The accuracy of
this method can be increased with specific building information on when these seasonal
consumers actually operate.

If neither measured nor seasonal variance data are available, outdoor potable water use
may be calculated from timed irrigation data or regular scheduling, along with sprayhead
flow rates. Sprayhead information may be available through the building manager,
online, or by contacting the manufacturer.

Time and flow information may also be used to calculate water consumption in once-
through cooling, ice makers, cooling towers, or other end uses that need to be separately
estimated. Water use volume and costs will sum to the total values determined in the
previous metric.
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Total Storm Sewer Output

Stormwater costs will be determined for the site in the manner that they are assessed for
taxation or otherwise. This metric measures the extent to which stormwater cost
assessments represent actual site performance.

Storm sewer output is generally not metered by any government or utility, even in
regions where storm sewer volumes are of specific local concern. Therefore, these values
must be determined through installed metering. Metering should begin by determining at
how many points stormwater leaves the property, and whether the stormwater outflow
can be meaningfully separated from neighboring properties. Metered information should
be used if at all possible, but a small amount of proportional calculation may be used to
separate the contribution of neighboring properties. Combined stormwater outflows will
be assigned proportionally to calculated impervious areas from the contributing property
regions.

If site stormwater is managed such that no stormwater is directed off-site, or that the site
is designed to approximate natural conditions with no evidence of erosion or
sedimentation of local waterways during storm events, the storm sewer outflow may be
estimated as zero.

6.3 Potential Issues and Lessons Learned

Through the pilot test of the metrics and technical review by water management experts,
the following potential data collection and analysis issues have been raised.

e The building set’s “Total Potable Water Use” needs to include the same uses, or
additional uses must be factored out. For example, if only one of the two
buildings has a chiller, that additional water use would need to be metered to
remove it from the Total Potable Water Use metric.

e Occupancy gender may impact water use results, especially if water free urinals
are in place.

e Many buildings on a government campus setting do not have individually metered
water use. Installation of building-specific water meters would require additional
time and resources.

e Utility bills may not include the same measurements and charges for each
building (e.g., sewer, outdoor, chiller, taxes, fees, etc.).
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Chapter 7: Energy

Energy consumption and reduction is a widely studied category of building performance.
High economic and environmental costs of energy drive resource efficiency and
conservation.

Table 7.1 provides the summary of the required and optional energy use metrics. This
chapter offers an explanation of the energy metrics selection and relevance, guidance on
how to collect and analyze data for each metric, and identification of potential issues and
lessons learned that may be encountered with data collection or analysis.

Table 7.1 — Energy Use

Metric \ Collection Units
Required
Total Building Energy Use KWh eivered $ Btu
month month month
Optional
Source Energy wh k9o,
month kWhSOUfCE
Peak Electricity Demand kw

Measurement and verification (M&V) of energy consumption is often conducted
according to three complementary documents, ordered here from most general to most
specific. These resources provide a structure for quantifying energy and water savings
from energy conservation measures (ECMs).

1. International Performance Measurement and Verification Protocol (IPMVP):
IPMVP has produced a series of broad documents with general information
regarding M&V contracting and strategies. [52]

2. Measurement and Verification Guidelines for Federal Energy Management
Programs (M&V Guidelines): The M&V Guidelines offer more specific M&V
information relevant to Federal agencies working with energy service companies
(ESCOs) for facility energy conservation and efficiency. [85]

3. ASHRAE Guideline 14: ASHRAE has developed specific data collection and
analysis information for whole building and end use metering. The format is
tailored for use in energy savings contracts with ESCOs including specific options
for baseline development and data normalization. [2]

Metering and normalization approaches in the FEMP protocol are generally taken from
Guideline 14.

The National Renewable Energy Laboratory (NREL) is developing building energy

performance metrics as part of the Office of Energy Efficiency and Renewable Energy
(EERE) Performance Metrics Research Project. [64] Standardization of energy metrics is
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meant to facilitate meaningful benchmarks and comparisons via alleviation of
discrepancies between source and delivery energy values.

Quantification of emissions outputs is done within a variety of software programs and
public protocols including the California Climate Action Registry (The Registry) [13],
the Sustainable Silicon Valley Project (SSV) [14], the Greenhouse Gas Protocol (GHG
Protocol) [98], and the International Council for Local Environmental Initiatives (ICLEI).
[81] Most applicable for calculating emissions from building energy use are The
Registry’s General Reporting Protocol and the GHG Protocol’s automated worksheets
for calculating CO, emissions from stationary combustion and electricity consumption.
Calculation approaches developed in these sources are largely followed in this chapter.

7.1 Metric Discussion

To determine which energy use metrics would best represent a building’s cost and
performance, an energy use hierarchy was developed (see Figure 7.1). The energy use
metrics hierarchy was adapted from the NREL energy use measurement protocol. [64]
This hierarchy, along with the TAG recommendations, resulted in the energy use metrics
found in Table 7.1. Total Building Energy Use is the required metric because it is
typically the highest building cost and has an environmental impact based on the energy
sources used. The optional metrics, peak electricity demand, and source energy are
important as they provide increased detail on the resource use and environmental impact
analysis. These data should be gathered whenever feasible. Given the campus setting of
many Federal facilities, it may not be practical to collect these data for every building,
and therefore, they have been listed as optional.

Source Total Building
Energy Energy Use
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Total Building Energy Use

Definition

Building energy use includes all energy consumed in the building. Building energy
consumption includes any exterior building illumination, but does not include parking
garage or parking lot lighting.

Relevance
Building energy use allows for building systems performance, cost, and resource use
comparisons.

Source Energy (optional)

Definition

Source energy is the energy directly consumed at the building and the energy consumed
at the source or production point used to deliver the quantity of energy to the building
site. Source energy includes site consumed energy, transmission and distribution losses,
and conversion inefficiencies. Combusted fossil, biomass, and refuse-derived fuel (RDF)
source energy is equivalent to stored chemical energy; nuclear source energy is calculated
as the thermal energy released in the fission reaction; hydroelectric source energy is the
potential or Kinetic energy contained within dammed water.

Source emissions will be calculated in terms of the mass of the seven primary pollutants
as defined by the National Ambient Air Quality Standards (NAAQS) of the Clean Air
Act (CAA): ozone (Og), particulate matter less than 10 um in diameter (PMjy), particulate
matter less than 2.5 um in diameter (PM2 ), carbon monoxide (CO), sulfur dioxide (SO5),
nitrogen oxides (NOx), and lead (Pb). [21, 62] They will also be reported in terms of
mass carbon dioxide (CO,) and rolled up into global warming potential (GWP) as carbon
dioxide equivalent (CO.e), and acidification potential as sulfur dioxide equivalent (SO.e).
Where electricity is generated by a nuclear utility, the mass of radioactive waste (kg U)
associated with site energy consumption will be collected. Other emissions data will be
collected as determined available and relevant upon contacting the power utility.

Relevance

Source energy is a more detailed means of determining building resource use efficiency
performance than site energy because it accounts for the imbedded inefficiencies of
transmission, distribution, and conversion. [89] Building designers and managers can
change the impact of a building by installing on-site renewable energy and/or purchasing
“green” energy from the utility.

Source emissions offer an environmental impact indicator. Relative global warming,
acidification, and radioactive waste impacts are estimated from the collected values.

Peak Site Electricity Demand (optional)

Definition

Peak electricity demand is the maximum power demand and the associated cost premium
assessed over a period of one calendar month. Typically, peak demand is measured in
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15-minute intervals. Only electricity drawn from the grid is included in this metric;
electricity consumed from on-site generation is not included here.

Relevance

Peak electricity demand has associated economic and environmental impacts. Utilities
generally charge additional fees based on monthly peak demand, sometimes including
clauses that can affect an entire year’s bills as a result of high electric consumption over
one 15-minute period. Additionally, large demand variations force utilities to vary
outputs, wasting energy because of startup and shutdown inefficiencies when making
adjustments to match the required load. Utility and infrastructure capacity must keep
pace with demand, and therefore, effective electricity load management can also reduce
the need for additional construction.

7.2 Data Collection and Calculations

Energy use data will be collected from utility bills, installed metering, and/or utility
interviews.

Total Building Energy Use

Energy use will be reported in kWh for electricity and Btus for all other sources. The
primary source of energy data will be from monthly utility bills. Utility providers will be
contacted to determine the availability of additional timed data, to ensure continued
consistent data availability during the study, and to collect historical building data.

If reliable utility bills are not available, further energy data. Whole building or end use
meters may need to be installed. Submetering helps to compare buildings on a consistent
basis, as well as to determine which systems are operating efficiently versus which are
consuming large amounts of energy.

Source Energy
Source energy and emissions will be determined by tracking each type of energy

delivered to the building. Site energy consumption, as collected above by type, will
utilize transmission and distribution (T&D) efficiencies and combustion efficiencies to
determine source energy consumption. Utilities may be able to provide these efficiency
data; if not, T&D efficiencies can be determined based on type of fuel and distance from
the building to the source. Combustion efficiencies of off-site sources can be determined
based on average rated efficiencies, taking into account local and Federal equipment
efficiency requirements, age of equipment, and type of equipment. For on-site energy
sources, conversion efficiencies will be collected from manufacturer’s data or periodic
maintenance tests, like boiler combustion analyses.

When a power utility produces district heating or cooling along with electricity, the
conversion efficiency and source energy varies among each outputted energy distribution
medium. Source energy is assigned proportionally to working fluid enthalpy drops
associated with each medium.
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Emissions associated with each quantity of source energy, if not directly available from
the utility, can be determined using tools found online, such as the GHG Protocol’s tool
to calculate CO, emissions from stationary combustion. [86, 98]

Peak Site Electricity Demand

Peak site electricity demand will be collected from monthly electric utility bills in KW as
measured by the electricity provider. Because the metric is defined in terms of 15-minute
fixed window intervals, varying utility methods" of determining peak electricity demand
may alter the precise meaning of the quantity and reduce the value of the comparison.

Metered data can be used to determine peak electricity demand, if peak demand is not
provided on the utility bill or tracked by the utility. The same equipment used to meter or
submeter electrical consumption can also record demand values. When possible,
measurements should be made in 15-minute fixed window intervals.

7.3 Potential Issues and Lessons Learned

Through the pilot test of the metrics and technical review by energy management experts,
the following potential data collection and analysis issues have been raised.

e To measure “Total Building Energy Use” functional meters and/or detailed utility
bills must be available for both the sustainable and baseline building.

e Peak demand on Federal campuses tends to be measured at a site level rather than
a building level, which is why this metric is considered optional. Ideally peak
demand would be measured for every building because it is an important metric
with cost and performance implications as they contribute to the site total.

e Source energy offers the environmental impact of the energy use; however, it is
likely to be the same for each building in a building set unless there is on-site
generation or a building-specific purchase of green power.

e Energy end use metering with data collected electronically every 15 minutes is
preferred to assess and optimize the building performance in addition to
measuring it.

! Utilities measure peak demand in a variety of ways, and some do not track the quantity. The 15-minute
interval is the most common measure, but there are many variations in how peak is determined: fixed
window, sliding window, or instantaneous; 1, 3, 5, 15, or 30-minute intervals. [2]
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Chapter 8: Maintenance and Operations

A primary aim of high-performance or sustainable design is occupant comfort and
productivity. Achieving high performance might equate to monitoring water, energy,
ventilation, and conditioning equipment and increasing preventative maintenance to
avoid potential future problems, thus shifting operations and maintenance (O&M)
expenditures from reparative to preventative activities.

Table 8.1 provides the summary of the required and optional O&M metrics. This chapter
offers an explanation of the selected O&M metrics and their relevance, guidance on how
to collect and analyze data for each metric, and identification of potential issues and
lessons learned that may be encountered with data collection or analysis. Performance
metrics for operations maintenance were initially identified from the DOE FEMP O&M
Best Practices: A Guide to Achieving Operational Efficiency and then adapted based on
TAG input. [78]

Table 8.1 — Maintenance and Operations

Maintenance and Operations

Metric | Collection Units
Required
Building Maintenance $
hrs
# requests by type
# preventative maintenance
# maintenance staff
Optional
Grounds Maintenance $
hrs
kg of hazardous chemicals used
Churn Cost $ moves,,,
churn occupant - year
moves furniture movesconstruction
occupant - year occupant - year

Some studies have documented reduced O&M costs for sustainably designed buildings
[53], while others claim O&M costs increase but are offset by other savings such as
worker productivity [55].

Interdependence in building systems means that a cost effective and highly-performing
O&M program may cost more in training, monitoring, and preventative maintenance, but
reduces the costs of occupant satisfaction and productivity, energy, water, and materials
costs, and repair costs. The metrics for occupant satisfaction and productivity are
discussed in Chapter 11: Indoor Environmental Quality. A holistic measurement of
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building performance and costs, such as this protocol, will provide indicators of the
impact of sustainable O&M practices.

8.1 Metric Discussion

To determine which O&M metrics would best represent a building’s cost and
performance, an O&M hierarchy was developed (see Figure 8.1). The result of this
analysis along with the TAG recommendations resulted in the metrics found in Table 8.1.
Building maintenance costs and service requests are required metrics because they
represent building costs and impact occupant productivity. The optional metrics include
grounds maintenance and churn costs. Grounds maintenance is considered optional
because of the difficulty to measure data consistently across building sites. Multiple
years of churn cost data are preferred for an accurate picture of the impact of moves.
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Figure 8.1 — Operations and Maintenance Hierarchy

Building Maintenance

Definition

Building maintenance includes in-house and contracted resources expended for building
monitoring, repair, preventative maintenance, training, and response to service requests.
It does not include grounds work or major renovations. Costs do not include O&M staff
overhead. The number of maintenance personnel will also be used as a reference point.

The requests include service requests as well as complaints. They are the building
occupant requests to building personnel that require some action. Examples include
temperature complaints and repair requests.
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Relevance

O&M expenditures are direct building costs that may also impact energy and water utility
costs. Studies have shown that the quality and consistency of building operation,
especially thermal comfort, impacts the productivity of the building occupants [45].
Quantity of service requests indicates how well the building is performing from an
occupant’s perspective as well as how much O&M personnel time is needed to maintain
the building. Preventative maintenance regimes may decrease the number of service calls
and increase the life of the equipment resulting in avoided life cycle costs. Training may
increase as a result of managing more advanced building equipment.

Grounds Maintenance (optional)

Definition

Grounds maintenance includes in-house and contracted labor and resources expended for
landscaping, stormwater management, and parking lot/garage upkeep. Costs include
labor, training, and materials. The hazardous materials used also need to be documented
separately. If training costs can be separated from other O&M costs, it will allow for a
more detail comparative analysis of O&M related costs.

Relevance

Sustainably designed grounds may incur fewer costs because of hardy native planting,
reduced chemical application, and on-site rainwater infiltration. However, it may incur
greater costs as a result of permeable surface maintenance or training needed to maintain
new types of landscaping. The design differences will be noted in the key building
features metric.

Churn Cost (optional)

Definition

Churn costs include resources expended in box, furniture, and construction moves
including materials and O&M staff time. The comparison of these types of moves is used
to demonstrate the impact of flexibility-targeted design strategies.

Box moves typically involve packing and unpacking when moving from one work station
or office to another.

Furniture moves are box moves that also include moving desks, partitions, bookshelves,
and other office equipment. Removing and replacing floor panels or carpet squares and
redirecting wiring are considered furniture moves if these items were designed for
removal and replacement.

Construction moves involve not only the activities of box and furniture moves, but also
activities such as painting, minor construction/remodeling, and rewiring.

Relevance

Sustainable design strategies incorporating flexibility into building and office
accommaodations claim to reduce the cost of churn. Raised floors with removable panels
and carpet sections allow under-floor electrical and telecommunications wiring to be
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moved without construction work and movable partitions can replace constructed walls
for ease in altering spaces. Quantifying churn costs will provide a relative measure for
evaluating strategy effectiveness.

8.2 Data Collection and Calculations

Building managers will be interviewed to determine the best information sources such as
work orders, service requests, or a computerized maintenance management system.
Every effort should be made to assess incurred costs as opposed to budgeted costs, which
may not directly reflect the O&M costs of a building.

Note that churn cost values are better determined over a period of several years; therefore
the meaningfulness and comparability of gathered data will be evaluated on a case by
case basis.

If the sustainably design building and the baseline have identical O&M policies, such as
landscaping, pest control, cleaning, or monitoring practices, it may be difficult to
demonstrate a difference in O&M costs with these metrics.

8.3 Potential Issues and Lessons Learned

Through the pilot test of the metrics and technical review by operations and maintenance
experts, the following potential data collection and analysis issues have been raised.

e Outsourced building maintenance may make it difficult to collect information.

e Comparing sustainably and typically designed buildings may be difficult when
they are maintained in different ways.

e Adjustments made to a new facility may or may not be included consistently in
the service request tracking system. It is important for the building management
to explain what types of information is being tracked consistently.

e Grounds maintenance for shared landscaping areas may need to be addressed.

e l-year of churn cost data may not be representative of the building performance,
as moves occur for various reasons.
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Chapter 9: Waste Generation

Waste disposal is a utility cost incurred by buildings that is an indicator of resource use
by the building occupants. Table 9.1 provides the summary of the required and optional
waste generation metrics. This chapter offers an explanation of the selected waste
generation metrics and their relevance, guidance on how to collect and analyze data for
each metric, and identification of potential issues and lessons learned that may be
encountered with data collection or analysis.

Table 9.1 — Waste Generation

7PN
"4 Waste Generation
Metric | Collection Units
Required
Solid Sanitary Waste yd® ton $
month month month
Optional
Hazardous Waste gal kg
year year year
Recycled Materials ft3 ton $
month month month

Most waste data collection methodologies have been developed for the purposes of
targeting effective waste reduction strategies rather than for collecting standardized data
sets for multiple buildings [90]. Utilities or municipalities often set waste rates based on
the volume of compacted waste, number of pickups, or dumpster size, but landfill tipping
costs are on a unit mass basis. Because regional costs of recycling and waste disposal
vary widely, volume, mass, and cost values are collected and analyzed for this metric.

9.1 Metric Discussion

To determine which waste generation metrics would best represent a building’s cost and
performance, a hierarchy was developed (see Figure 9.1). The result of this analysis
along with the TAG recommendations resulted in the waste generation metrics found in
Table 9.1.