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Summary

This report examines the factors that would potentially help determine an appropriate analytical
timeframe for measuring the long-term benefits of government-funded research, development, and
deployment. The Building Technologies Program (BTP) of the U.S. Department of Energy’s Office of
Energy Efficiency and Renewable Energy (EERE) was examined. This program conducts long-term
research and development (R&D), testing and evaluation, labeling and standards, and a host of
implementation programs that directly impact the building marketplace.

To date, in accordance with guidance issued by the EERE Team within the Office of Planning,
Analysis, and Evaluation (PAE), the projection of benefits for BTP has been constrained to the time
horizon embedded in the “long-term” models maintained by PAE: the National Energy Modeling System
(NEMS) and the MARKet ALlocation (MARKAL) model. NEMS is currently limited to the year 2030,
while MARKAL extends the time horizon to 2050. Given the slow turnover in building stock and the
extremely long lifetimes of buildings, combined with the longer-range goals of BTP, it is an open
question as to whether these time horizons are sufficient to capture even a small part of the potential
efforts to reduce energy use in the buildings sector.

This document presents a summary-level analysis of the life cycle savings for one segment of BTP’s
R&D portfolio: the Commercial Buildings Integration (CBI) R&D program (see “Long-Term CBI Site
energy Savings — Small Office Buildings” figure below). The analysis addresses the question regarding
whether the current time horizon (through 2030) disproportionately diminishes the impacts of buildings
programs by prematurely truncating life cycle primary energy and carbon savings. To represent the long-
range impacts of the CBI program, this analysis develops hypothetical building designs, which are in turn
impacted by selected BTP R&D activities that are implemented through a sustainable building design
rating system. The estimated energy use of these hypothetical building designs are projected over time
for three hypothetical building cases (see “Cumulative Site Energy Savings” figure below), where
assumptions are made regarding the timing and characteristics of major building retrofits that would
potentially impact energy consumption of the selected buildings through the life of the building.

Pacific Northwest National Laboratory’s Buildings Energy Analysis and Modeling System (BEAMS)
was used to estimate the resulting energy and carbon savings associated with the hypothetical aging
buildings impacted by the CBI R&D program. The analysis required extending the BEAMS modeling
framework from a time horizon similar to NEMS and MARKAL to 110 years forward (the year 2120).
These timeframes are similar to those now being considered for long-term modeling of potential climate
change impacts.

The latter section of this report identifies the tasks required to develop a long-term analytical and
modeling framework and discusses the potential analytical gains and losses by extending an analysis into
the “very long-term.” The baseline reference case developed for the traditional 20-year analysis of BTP
benefits has relied heavily on established sources (e.g., Energy Information Administration data) and
near-term extrapolations of simulated data. The extension of these data beyond 2030 required use of new
data sources as well as an additional level of forecasting to extend the reference case out 110 years.
Although we believe this extended analytical period more adequately captures the full long-term benefits,
it also introduces an additional layer of complexity and uncertainty to the modeling framework for the
years beyond the traditional 20-year time horizon. This report discusses and summarizes these issues and
provides recommendations for future research in this area.



Long-Term CBI Site Energy Savings -- Small Office Buildings
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Acronyms and Abbreviations

AEDG Advanced Energy Design Guide

AEO Annual Energy Outlook

AlA American Institute of Architects

ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning
BEAMS Building Energy Analysis and Modeling System

BREEAM Building Research Establishment’s Environmental Assessment Method
BTP Buildings Technologies Program

Btu British thermal unit(s)

CASBEE Comprehensive Assessment System for Building Environmental Efficiency
CBI Commercial Buildings Integration

CBECS Commercial Buildings Energy Consumption Survey

CcO, carbon dioxide

DOE U.S. Department of Energy

EERE Office of Energy Efficiency and Renewable Energy

EIA Energy Information Administration

ETSAP Energy Technology Systems Analysis Programme

EUI energy use intensity

ft? square foot (feet)

HVAC heating, ventilation, and air conditioning

IES Illuminating Engineering Society of North America

LBNL Lawrence Berkeley National Laboratory

LEED Leadership in Energy and Environmental Design

MARKAL Market Allocation (model)

NBI New Buildings Institute

NEMS National Energy Modeling System

NRC National Research Council

PAE Office of Planning, Analysis, and Evaluation



PNNL

R&D
RECS

TBtu

USGBC

ZEB

Pacific Northwest National Laboratory

research and development
Residential Energy Consumption Survey

trillion British thermal units
U.S. Green Building Council

Zero Energy Buildings
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1.0 Introduction

Each year, the U.S. Department of Energy’s (DOE’s) Office of Energy Efficiency and Renewable
Energy (EERE) estimates the potential energy and carbon impacts of program activities as proposed in
the President’s budget submitted to Congress. EERE’s Team, within the Office of Planning, Analysis,
and Evaluation (PAE) issues guidance and collects information required to exercise an integrated
modeling suite to produce estimates of the energy security, environmental, and economic impacts
expected from EERE’s budget request. These expected benefits (i.e., impacts of the programs) are
reported in the DOE Congressional Budget Request and include the following measures:

o Energy Security

— oil imports reduction
— natural gas imports reduction
— reduction in share of highway fuel demand derived from crude oil

e Environmental Impacts

— carbon dioxide (CO,) emissions reduction
— sulfur dioxide allowance price reduction
— nitrogen oxides allowance price reduction
— mercury allowance price reduction

e Economic Impacts

— consumer savings
— electric power industry savings
— household energy expenditures reduction.

PAE only develops and publishes benefits estimates at the program level, meaning that “official”
estimates are only available for the Buildings Technologies Program (BTP) as a whole.! To conduct
program planning, BTP has funded Pacific Northwest National Laboratory (PNNL)? to provide a much
more detailed set of benefits estimates by individual budget line item for all activities (e.g., Commercial
Buildings Integration, Solid-State Lighting) and even for competing and complementary activities within
a budget line item.

PNNL has developed an internal tool, the Building Energy Analysis and Modeling System (BEAMS),
to calculate the benefits associated with the various buildings activities. BEAMS is a bottom-up
accounting model that compares estimated baseline building energy use against the estimated building
energy use of buildings with specified technologies and envelope features (Elliott et al. 2004). In addition
to energy savings forecasts, these results also include such items as associated environmental emissions,
consumer energy cost savings, and necessary capital investments.

Traditionally, PNNL’s impact analysis performed for BTP has been tied to the Office-wide impact
analysis for EERE’s annual budget submissions. Because EERE uses a modified version of DOE’s

! A more detailed description of the process and models used by EERE can be found in the most recent
documentation, available at http://www?1.eere.energy.gov/ba/pba/pdfs/41347.pdf.
2PNNL is operated by Battelle for the U.S. Department of Energy under Contract DE-AC05-76RL01830.




National Energy Modeling System (NEMS)" model to project program impacts, PNNL has drawn most of
the reference case assumptions from the NEMS model and outputs, which currently extends to 2030.
EERE has attempted to extend the analysis period through 2050 using a modified version of the MARKet
ALlocation (MARKAL)? model.

1.1 Purpose

PNNL currently develops impact estimates for BTP activities out to the year 2030. Within the
buildings sector, many energy efficiency improvements (stemming from DOE research and development
[R&D] investments) can be expected to last the life time of the building if maintained and operated
properly (although some degradation may occur). As interest increases in the longer-term impacts of
EERE activities, particularly with regard to carbon emissions reductions, the ability to extend the analysis
period becomes more desirable. PNNL therefore undertook an effort to extend the analysis period within
the BEAMS framework allowing an analysis of the benefits throughout the building life time.

1.2 Report Contents and Organization

This report identifies the factors that would determine an appropriate analytical timeframe for
measuring building energy impacts. The analysis presents a summary-level life cycle assessment of
building energy savings, using the technologies, designs, and research supported by BTP’s Commercial
Buildings Integration (CBI) R&D activity. To build the framework for extending the BEAMS model
timeframe, three hypothetical commercial building designs are characterized within the model.
Preliminary primary energy savings results are estimated over a 110-year timeframe to illustrate the
resulting energy and carbon savings associated with this building stock as it ages over time. The 100-year
timeframe is typical for current models that consider potential long-term climate impacts.

In the latter section of this report we identify the tasks required to develop a long-term analytical
framework. We also discuss the potential analytical gains and losses by extending an analysis into the
“very long-term.” Finally, we provide recommendations for future research in this area.

2.0 Life Cycle of Building Energy Savings

The savings that result from reducing energy usage in long-lived capital assets such as buildings are
realized over time. But precisely what time horizon is appropriate is to consider is another question: is it
30 years? 60? 100? The full life cycle savings depend not simply on the useful life of the asset, but also
how the savings persist over time, which is a function of the characteristics of the energy saving program,
the technologies or designs used, and the operation and life of the structures that house these technologies
and designs. To understand the life cycle benefits of a building energy design or technology, we must
understand the life cycle of a building.

' NEMS is an integrated energy model of the U.S. energy system that was developed by DOE’s Energy Information
Administration (EIA) for forecasting and policy analysis purposes.

2 MARKAL is an integrated energy systems optimization model that was developed by the Energy Technology
Systems Analysis Programme (ETSAP) of the International Energy Agency.



For energy modeling purposes, the EIA estimates the median value for the lifetime of commercial
buildings, based on analysis of data from Commercial Buildings Energy Consumption Survey (CBECS).
The median lifetime values range from 65 to 80 years, depending on the type of building (EIA 2009).
The actual life of a given building will typically depend on a number of factors, including the type of
building (e.g., retail, office, single-family), physical characteristics of building materials, exposure to the
elements, maintenance regime, and frequency of use. In addition, the behavior of building owners will
play a role in determining the life of a building.

Although some building energy-saving designs and technologies could potentially produce
continuous savings throughout the lifetime of a building, others will not. Even energy-saving approaches
integral to the design of the building may not save energy over the full building lifetime due to retrofits
or changes in building use. Thus, the life cycle of building energy savings will vary depending on
the characteristics of the energy-saving components in combination with the characteristics of the
building.

The approach PNNL currently uses to calculate energy impacts specifically considers “the lifetime”
of a given technology. Therefore, when considering BTP activities that focus on specific building
technologies such as solid-state lighting, we factor in the potential lifetime of the product when estimating
the potential savings. For “whole building” or integrated design (building shell) activities that impact
overall building energy consumption (as opposed to equipment or other building components), “the
lifetime” of the savings is currently assumed to extend the length of the analysis period. That is, no
explicit consideration of the lifetimes of “long-term” technologies is required when the timeframe “only”
extends to 2030. To explore the “very long-term” savings of activities targeting the building shell and/or
whole building energy use, this analysis examines the energy savings approach of BTP’s CBI R&D,
which focuses on whole building energy savings.

We have chosen to look at the measures potentially specified by popular building rating systems to
provide a mechanism for assessment of the specific building characteristics and the corresponding
impacts that extend beyond any artificial planning horizon, up to and including the life of the building
stock. We began this analysis with the hypothesis that if the impacts of energy efficiency-related
measures available for scoring under a building rating system were analyzed across the building lifetime
or some similarly extended period beyond the 2030 planning horizon, the results might indicate that
higher weighting should be applied to those elements of the rating system, compared to other measures
not affected by measure duration. To assess the saving persistence potential of energy-related design
features in buildings, we assess the guidance and scoring features of some rating design systems and
describe a potential pathway that the CBI activities might follow from R&D to the building marketplace.
Next, we characterize three hypothetical office buildings cases with a range of building energy savings
measures, and then track the potential savings for the three buildings over time.

2.1 The Case of High Performance Commercial Buildings

BTP’s CBI program uses a systems-integration approach to enhance the technical energy efficiency
of commercial buildings. CBI supports research, development, and demonstration of whole building
design methods and operational practices that reduce energy usage. One example is the Advanced Energy



Design Guides (AEDGs),* which provide guidance for reducing energy costs by 30% to 50% relative to
standard energy code-compliant building designs. Another example is decision tools tailored to high
performance (i.e., highly energy-efficient) and Zero Energy Buildings (ZEB). These tools, designs, and
technical information find their way into the building market in a number of ways, including deployment
programs and partnerships directly supported by CBI and BTP. Additionally, a number of building
design energy and sustainability rating systems serve as informal deployment instruments by facilitating
promotion of energy-efficient advanced designs and technologies in the commercial building sector.
“Sustainable” building designs could generally be defined as designs that are based on the principles of
resource efficiency, health, and productivity, where a realization of these principles involves an
integrated, multidisciplinary approach—one in which a building project considers a building’s total
economic and environmental impact and performance, from material extraction and product manufacture
to product transportation building design and construction, operations and maintenance, and building
reuse or disposal (U.S. Green Building Council [USGBC] 1996). Some of the more prevalent design and
rating systems employed in the U.S. commercial building market are discussed later in this report and are
summarized in Appendix A.

The CBI integrated approach to designing high-performing buildings is not a prescriptive approach,
and it does not necessarily endorse specific technologies or designs for all buildings; however, the general
approach advocated by the AEDGs involves the integration of some basic steps and goals as part of the
design process to ensure energy optimization for a given building. These basic steps include the
following:

1. Reduce building energy loads (both internal and external): reduce heating gains/losses by building a
well-designed, insulated building envelope. Reduce cooling loads by using an efficient electric
lighting system and maximizing benefits of daylighting with good design.

2. Match the capacity of energy-using systems to the reduced loads: “right-size” the equipment.
Oversized systems often cost more to purchase and install and will likely not operate at their optimum
efficiency when they are mismatched to the load.

3. Design and install higher efficiency equipment: use less energy to meet any given load with the use
of economizers and demand-controlled ventilation, more efficient interior and exterior lighting, and
sensor and control strategies that reduce energy use. In systems whose capacity matches peak loads,
high-efficiency equipment serving a building designed and constructed to the lowest practical loads
will result in the lowest energy use and cost.

4. Integrate building systems to increase energy savings potential: integration of the design process
helps to identify energy-efficiency opportunities, such as daylighting and appropriate zoning to help
reduce internal loads. Using computer simulations of building energy use throughout the design
process assists in finding the most energy-efficient designs.

! Current Advanced Energy Design Guides (AEDGs) available on the American Society of Heating, Refrigerating,
and Air-Conditioning (ASHRAE) website for Small Retail, Warehouse, Office, and School Buildings at
http://www.ashrae.org/publications/page/1604. Planned guides can be found at
http://www.ashrae.org/technology/page/938. The guides have been developed as a collaborative effort by the
following partnering organizations: the ASHRAE, the American Institute of Architects (AlA), the llluminating
Engineering Society of North America (IES), the USGBC, and DOE.




By its nature, a well-designed high-performance building will have all building energy components
fully integrated. As such, it is difficult to attribute energy savings to any single building element.
However, two sets of features would most likely result in long-term persistent energy savings throughout
the life of the building (Figure 1). These include daylighting optimization design features and advanced
heating, ventilation, and air-conditioning (HVAC) building systems in combination with a well designed,
insulated building shell.

" Well designed,
insulated

building
envelope

Daylighting Advanced
HVAC
! ' System

Figure 1. Key Design Features of the Highest Performing Buildings Likely to Result in Long-Term
Persistent Savings

Daylighting optimizes the admission of natural light into a space through windows or skylights to
reduce or eliminate the need for electric lighting. Natural lighting can also avoid glare and reduce the
heat caused by electric lighting (Figure 2). More glazing (windows) does not automatically result in more
or better daylighting. To maximize the benefit of natural light, it has to be controlled and distributed
properly throughout the workspace. However, the design process is complex because it must carefully
balance heat gain and loss, glare control, and variations in daylight availability. For example, successful
daylighting designs will invariably pay close attention to the use of shading devices to reduce glare and
excess contrast in the workspace. Additionally, window size and spacing, glass selection, the reflectance
of interior finishes, and the location of any interior partitions must all be evaluated (Ander 2008).



Below — Daylighting is
optimized with a narrow
footprint, oriented along an
east-west axis, and integrated
with buildings HVAC and
lighting systems.
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Above — The construction of
underground earth tubes (supplying
tempered ventilation air to the
facility) is part of an Advanced
Building System, which includes a
ground-source heat pump.

Figure 2.  Design Features of A High Performance Office Building (Taken from Aldo Leopold Legacy
Center in Bariboo, Wisconsin [Photo credit: The Kubala Washatko Architects, Inc.])

A number of advanced HVAC and mechanical system designs have proven energy-saving benefits in
commercial buildings. One energy-efficient option is to simply use the most efficient conventional
HVAC unit available. However, additional savings can be realized with more optimized system designs
(i.e., “advanced systems™) that consider the interactions between the building, building systems, and the
local climate and that take full advantage of efficient components, sensors, and controls. The Aldo
Leopold Legacy Center in Baraboo, Wisconsin provides an example of an advanced building system
design in a high performance building (Figure 2). The design approach was to reduce the load on the
mechanical systems through optimal building design, and then install correctly sized, most highly
efficient equipment on the market. Design measures included separating the ventilation system from the
heating and cooling system and the use of buried earth tubes on the site, which allow preheating of
ventilation air during winter and pre-cooling during summer before the air enters the building. Another
measure was to create a “thermal flux zone” that reduces heat flow between the main office and the
outdoors. A third measure was a highly efficient building envelope that reduces thermal transfer (loss of
heat or cold) to the environment. Finally, a series of ground-source heat pumps connected to a radiant
slab provide heating and cooling for the building.

While doubling and tripling insulation levels (above code) will result in incremental energy savings,
the full benefit of a high performance building is not realized until daylighting (to reduce heating, cooling,
and lighting loads) and advanced HVAC designs are implemented. When such designs are used, energy
cost savings can increase to 50% or more.! Because these high performance design features are integral
to the building design and not easily “changed out,” they are also the most likely to persist over the long
term, potentially saving energy for the entire life of the building.

The CBI program goal is to reduce purchased energy use in new commercial buildings by 50% as
compared with ASHRAE Standard 90.1-2004 in the near term, increasing to 70% savings by 2025 (EERE
2008). As presently modeled in BEAMS, the CBI program activities result in energy savings in heating,

! Design details for advanced performance buildings can be found in the current AEDGs available on the ASHRAE
website for Small Retail, Warehouse, Office, and School Buildings at http://www.ashrae.org/
publications/page/1604. A list of planned guides can be found at http://www.ashrae.org/technology/page/938.




cooling, water heating, and lighting. Currently, the savings are measured through 2030. When analyzing
the impact of the CBI program, the current assumption is that CBI accelerates the adoption of advanced
designs and technologies by approximately 8 years." That is, without this government-supported R&D
program, the adoption of these advanced designs and technologies is assumed to occur just 8 years later.

The percentage of commercial floor space impacted by this program is estimated using market
penetration curves.” Figure 3 shows a simple example of the very long-term benefits of this program. If
the savings were to persist at a sustained level for the entire life of the building, and if these buildings
lasted for up to 110 years, the long-term savings would increase over time. Figure 4 shows the
preliminary results of extending benefit estimates into the long term and illustrates the potential
magnitude of cumulative energy savings of this program out to the year 2120 under two separate
scenarios. The first scenario (blue dotted line) attributes a continuing new stock penetration of 5% per
year to the CBI program after 2030. The second scenario (red dashed line) assumes no further impact of
the DOE activity after 2050. Such an assumption might reflect the potential for the market to offer
equivalent design practices without intervention by DOE. In either case, the “very long-run” savings
under these two extended scenarios dwarf the results projected in 2030 and before.

Long-Term CBI Site Energy Savings -- Small Office Buildings
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Figure 3.  Cumulative Potential Savings of CBI (New Small Office Building) Assuming Long-Term
Savings Persistence of Impacted Building Stock

! This assumption is broadly based on recommendations provided in a National Research Council report (NRC
2001) and adjusted for specific energy savings and payback features within the commercial buildings sector.

2 The penetration rate forecasts used in this analysis were developed using diffusion curves as documented by Elliott
et al. 2004. These diffusion curves describe a rate and path of market penetration over time from initial level to the
eventual maximum.



Cumulative CO, Emissions Reductions
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Figure 4. Cumulative CO, Emissions Reductions Potential of Commercial R&D Program (New Small
Office Building)

2.2 Savings Persistence: Following the Path to Market

Given the slow stock turnover in buildings and the long-range nature of the CBI goal, it is evident that
a 2030 cut-off vastly understates the potential impact of this program. However, is it reasonable to
assume that the savings of each impacted building would persist at this level over the long term? To
address this question, this analysis first attempts to identify potential pathways for these design
approaches to enter the market to determine whether it is reasonable to assume that the longer lasting
design elements and technologies actually penetrate the commercial building market. Next, we develop
hypothetical building cases based on this information and estimate the savings over time.

In recent years, one of the more common ways that CBI tools, designs, and information find their way
into the building market is through sustainable building design rating systems. In the past decade, the
popularity of these building design rating systems has grown such that they have become deployment
instruments for advanced building design research, promoting various advanced designs and technologies
in the commercial building sector. Most of these rating systems include energy efficiency as a
fundamental part of their criteria. To follow a possible path from design concept to actual building
design, this report examines an assortment of building design rating systems.

2.2.1 Building Design Rating Systems

Numerous building rating systems include ratings and evaluations of building energy use (either
simulated or metered) and/or energy efficiency measures. A 2006 PNNL study completed for the U.S.
General Services Administration reviewed 30 sustainable building rating systems and identified five



design rating systems® that focus on a whole building evaluation (rather than individual design features),
provide clear ways to evaluate designs, and are applicable to most all commercial buildings in the U.S.
market (Fowler and Rauch 2006). Considering their whole building approach, these sustainable design
rating systems would appear to align well with CBI’s focus on whole building integrated energy design.
It should be noted, however, that all five of the rating systems focus on sustainability, rather than
exclusively on energy efficiency.

Although the criteria are not exclusively focused on energy efficiency, sustainable design rating
systems include criteria that specifically address optimizing energy usage in the building design. Of the
five rating systems reviewed by Fowler and Rauch, approximately 20% to 35% of all the points earned as
part of the rating systems are directly linked with energy system design optimization. In addition, energy
efficiency and projected energy consumption are often indirectly impacted by other rating categories such
as water conservation, site optimization, and operational and maintenance practices. All rating systems
reviewed focus on reducing overall building energy consumption through energy demand minimization
measures, energy-efficient systems and “right sizing” of equipment, and all include credit for various
renewable” sources of energy (Fowler and Rauch 2006).

Of the five rating systems reviewed, LEED is currently the dominant system in the U.S. market and is
being used in 91 other countries (Fowler and Rauch 2006). LEED was developed and piloted in the
United States in 1998 by USGBC member committees as a consensus-based building rating system and
an ecology-oriented building certification program.® The LEED rating system addresses specific
environmental building-related impacts using a whole building environmental performance approach,
where points are earned as part of six different categories: sustainable sites, water efficiency, energy and
atmosphere, materials and resources, indoor environmental quality, and innovation. USGBC has rating
systems for new construction and major renovations, existing buildings, and other special design
circumstances and building types. The most commonly used LEED rating system is for new construction
and major renovation, which is the reference system for this analysis. Approximately 25% of the LEED
(Version 2.2)* points that can be earned are directly related to energy optimization (USGBC 2005). In
addition, all LEED-certified buildings are required to meet a minimum expectation of modeled energy use
that is 14% better than a building built at the ASHRAE Standard 90.1-2004 level. Building energy
commissioning® is mandatory for LEED-certified buildings, and additional credits are available for

! The five systems included: Building Research Establishment’s Environmental Assessment Method (BREEAM),
Comprehensive Assessment System for Building Environmental Efficiency (CASBEE), GBTool, Green Globes™
U.S., and Leadership in Energy and Environmental Design (LEED). For more information on each building rating
system, see Appendix A.

2 Although Zero Energy Building (ZEB) designs (i.e., buildings designs where the building produces as much
energy on site as it consumes on an annual basis) supported by CBI would include some portion of on-site
renewable energy, this analysis focuses on the high-performance energy-efficiency aspects of the building and does
not include renewable energy.

® More information on the history and statistics about LEED rating system is found on USGBC
websitehttp://www.usgbc.org/ and in the Green Building fact sheet (including updates of statistics) found at
http://www.usgbc.org/DisplayPage.aspx?CMSPagelD=1718.

* For this analysis, specifics related to LEED’s rating and point system are based on LEED-NC Version 2.2,
published in October 2005. A newer version of LEED (Version 3.0) published in June 2009 is available at the
following site: http://www.usgbc.org/DisplayPage.aspx?CMSPagelD=1970.

> Building commissioning is the process of ensuring that all the subsystems for HVAC, plumbing, electrical, fire/life
safety, and building security in new construction are operating as intended by the building owner and as designed by
the building architects and engineers.




daylighting strategies. LEED requires the design team to use energy modeling to document the designed
energy performance or to follow and document the prescriptive path outlined in CBI’s AEDGs (when
available for the given building type).

The LEED rating system’s growing impact on the commercial buildings market can be represented by
the number of projects registered, up from 93 projects in 2001 to a total of over 18,000 registered projects
as of March 2009." Several cities now require LEED certification for large commercial projects, and
many states are requiring LEED for public buildings (Brook 2008). Thus, the LEED rating system
potentially provides opportunities to deploy many of the design strategies currently supported by CBI.

The question remaining, however, is whether these longer lasting (but potentially more costly) design
features such as advanced HVAC designs and daylighting are incorporated into building designs that
attempt to achieve certification as part of a LEED rating process. In addition, is the resulting energy
usage of these LEED-certified buildings at a level that indicates these design features are implemented
and actually saving energy relative to standard practice?

Some have criticized the LEED point system for not providing appropriate weighting based on the
life cycle of the environmental benefit associated with energy efficiency design elements. The extreme
case cited in a 2004 survey of architects” occurred when one building owner received one point for
spending “an extra $1.3 million for a heat-recovery system that will save about $500,000 in energy costs
per year” and also received one point for installing “a $395 bicycle rack.” Some have argued that this
type of weighting leads to point-mongering, where builders will look for the cheapest and easiest points to
implement and disregard some of potentially higher-cost environmental features that offer sustaining
benefits, such as advanced building energy systems. It should be noted that USGBC has since revised its
LEED credits and, although it still uses the checklist, the revised point system disqualifies any building
that does not score at least two points for energy efficiency, equivalent to 14% better than the energy
standard code. The LEED Version 3.0 (published in June 2009) is weighted to give even more
importance to features that reduce global warming and the ability to acquire energy-efficiency points will
be nearly doubled (Brook 2008).

To specifically address whether the longer-lasting energy-efficient features are being included in the
LEED-certified buildings, this analysis first explores the simple question of whether LEED-certified
buildings are using less energy than the commercial building stock. In a recent study commissioned by
USGBC, the New Buildings Institute (NBI) examined the energy performance of 121 new commercial
LEED-certified buildings. The results demonstrated that LEED buildings improved energy performance
over the general commercial building stock reported in the CBECS. The energy use intensity (EUI) of
LEED office buildings was estimated to be approximately 33% lower than CBECS offices. The study
also showed that overall LEED-certified building EUIs, regardless of building type, were 24% lower than
CBECS buildings. These levels of savings would imply that LEED buildings are incorporating at least
some of the more design-intensive energy-saving features. It was also observed, however, that a number
of buildings in the study were not performing to their design potential (Turner and Frankel 2008). This
result is not necessarily surprising, considering that a number of studies have called attention to the
frequent disparity between performance design and actual performance, particularly for higher

1 USGBC. 2009. Green Building Facts. URL: http://www.usgbc.org/ShowFile.aspx?DocumentlD=3340 (accessed
on March 9, 2009).
2 Conducted by the Green Building Alliance, a Pittsburgh-based coalition of environmental groups.
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performance buildings (see article insert on building performance commissioning). In an effort to close
the design-to-actual performance gap, LEED requires that all buildings be commissioned upon
completion and before certification, and repeat commissioning throughout the life of the building can earn
the building an additional point toward the “energy optimization” category.

performance of a building. As summarized by Ryan and Nicholls in their 2004 American Council for
an Energy-Efficient Economy paper on Commercial Buildings R&D, this gap may be even larger for
high performance energy-efficient building designs that use an integrated building system approach
because these considerably more complex designs present greater performance challenges. More
complexity increases the probability of errors in design and execution, and hence an increased
probability of greater divergence between design intent and actual building performance.

Numerous studies have documented the disparity between design and actual performance. Ina
study directly focusing on high performance buildings (Torcellini et al. 2004), all six buildings
examined performed below their design goals. Performance issues included inaccurately stipulated
insulation levels, installation of incorrect window frames, thermal short-circuits in building envelope,
deficient lighting control calibration and algorithms, malfunctioning ventilation controls, poorly
located exhaust dampers, and temperature setbacks out of compliance with design intent. While
commissioning would not have entirely closed the gap between expected and actual performance for
these buildings, it would have made a contribution towards doing so. Even when buildings are
operated as designed, sustaining that optimal performance over time becomes an added challenge for
buildings with complex systems. In a 2004 meta-analysis performed by Lawrence Berkeley National
Laboratory (LBNL), 3305 energy system deficiencies were identified out of 34 building projects
reviewed, with HVAC systems appearing to present most of the problems, particularly within air-

To address the question of whether the more design-intensive, longer-lasting energy-optimizing
designs are being incorporated into LEED buildings, the design features and scores of 20 LEED-certified
office buildings were reviewed, drawn from the DOE’s High Performance Buildings Database.” In the
20-building sample examined, all 20 office buildings included documentation of advanced designs
elements that would potentially save 30% of energy costs relative to the benchmark (which was ASHRAE
Standard 90.1-1999 for some of the older buildings and 90.1-2004 for the more recently constructed
buildings). Information from the High Performance Buildings Database indicated that all 20 office
buildings that were examined included at least some daylighting optimizing features as part of their

' The 20 buildings represented all commercial office projects (sized between 1000 and 50,000 square feet [ft*])
maintained in the DOE-sponsored High-Performance Buildings Database. This database represents a collection
high-performance buildings data including factors that affect a building's performance, such as energy design,
materials, and land use. This searchable database is currently available at the following weblink:
http://eere.buildinggreen.com (accessed on February 22, 2009)
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designs. It would appear that a smaller number of buildings documented advanced HVAC strategies such
as ground-source heat pumps; however, the database does not necessarily include a comprehensive list of
all features, so it is difficult to say with certainty whether these features were not a part of the building
design. For approximately 40% of the office buildings reviewed, their designs were documented as
having maximized energy reduction opportunities (energy cost reductions of about 60% over benchmark)
by taking advantage of both daylighting opportunities and using advanced mechanical and/or HVAC
design elements such as ground-source heat pumps, under-floor air-distribution systems, and thermal heat
chimneys. In general, incorporation of at least some of the more design-intensive energy-optimizing
features appears to be standard practice for LEED-certified buildings.

2.3 Building Characterizations for Three Cases

To assess the potential impacts of high performance buildings over time, we developed three sets of
building characteristics, based on typical features found in the High Performance Buildings Database.
The three cases are characterized as follows:

¢ a “High Performance Case,” representing a hypothetical highly rated building that incorporates both
advanced equipment choices as well as advanced design (reducing the building load by approximately
50% relative to standard building practices and/or code ASHRAE Standard 90.1-2004),

¢ a medium performance building, which we will refer to as the “Advanced Performance Case,”
representing a hypothetical rated building that incorporates high-efficiency equipment as well as
some advanced design elements to reduce lighting loads and maximize use of daylighting in the
building (reducing the building load by approximately 25%), and

e an “Above Code Case,” representing a building that incorporates some advanced technologies but no
changes to current design (reducing the building load by approximately 5%).

The hypothetical High Performance Case building is characterized as a small (under 50,000 ft%)
commercial office building that is designed to use on average approximately 50% less energy than a
similar office building built just to the ASHRAE Standard 90.1-2004 level. It is assumed that this
building would be located in a heat-load-dominated climate. In terms of building rating systems, this
building would be equivalent to a LEED-certified building that achieves all 10 of the “energy
optimization” points available as part of rating system and would likely receive an additional point for
innovation (USGBC 2005).

The High Performance Case characterized the office building as having a highly insulated building
envelope to reduce heat transfer. The use of structural insulated panels in place of frame construction
increases the thermal resistance value of the walls. Water-to-water ground-source heat pumps are used to
heat and cool the building. An earth-tube system provides fresh, tempered air in all seasons and the air-
handling unit delivers only the required ventilation air, such that the fan size can be reduced compared
with typical systems. Displacement ventilation, variable-frequency-drive fans, and demand-controlled
ventilation are also used to reduce energy demand. The office building is designed to maximize
daylighting benefits and thus reduce heating, cooling, and lighting loads by orienting the building along
an east-west axis with building overhangs to shield sun in the summer and allow passive heat gain in the
winter. Sensors and controls are installed to optimize daylighting benefits in coordination with the
lighting system. Lighting technology is made up of T8 linear fluorescent lighting and compact
fluorescent task lighting.

12



Table 1. Energy Performance Characteristics for Three Cases (northern small office buildings)

High Performance Case

Advanced Performance
Case (25% energy use

(50% energy use reduction) reduction) Above Code Case
Building Shell/Envelope
Roof insulation R-Value = 30 R-Value = 30 R-Value = 15
Wall insulation R-Value = 27 (structural R-Value = 16 R-Value = 13
insulated panels)
Floor insulation R-Value = 13 (perimeter)/ R- R-Value = 13 (perimeter)/ R-Value = 8
Value = 10 (slab) R-Value = 10 (slab)
Windows U-Value = .35 U-Value = .35 U-Value = .57

Shading Coefficient = .365
Building Systems

Ground-source water-to-water
heat pump with radiant slabs for
space heating and cooling.
Earth-tube system provides
fresh, tempered air with
demand-controlled ventilation.
Intermittent use zoned
separately, thermal flux zones
between different uses.

Equipment and
Design

Lighting

T8 fluorescent, electronic
ballasts (some dimmable), task
lighting, sensors, and controls

Equipment

Daylighting Building and lighting controls
designed to maximize

daylighting
Other

Exterior design Orientation designed to
maximize conditioning and
daylighting impacts.
Reflecting roofing and
landscaping designed to reduce
heat island effect.

Engineered overhangs.

Building
Commissioning

Commissioned on repeat basis

Indoor Equipment  Efficient appliances assumed

Shading Coefficient = .365

High-efficiency packaged

unit for heating and cooling.

Demand-controlled
ventilation.

T8 fluorescent, electronic
ballasts (some dimmable),
task lighting, sensors, and
controls

Building and lighting
controls designed to
maximize daylighting

Orientation designed to
maximize conditioning and
daylighting impacts.
Reflecting roofing and
landscaping designed to
reduce heat island effect.

Commissioned on repeat
basis

Efficient appliances
assumed

Shading Coefficient = .39

High-efficiency packaged
unit for heating and
cooling.

T8 fluorescent, electronic
ballasts

No specific daylighting
features

No particular energy-
efficient features

Building commissioned
upon completion

Efficient appliances
assumed

The Advanced Performance Case building is characterized with many characteristics similar to the
High Performance Case in that daylighting design is optimized, and sensors and controls are used to
maximize daylighting benefits. The building envelope is also characterized as exceeding code with twice
the R-Value for roof insulation of the ASHRAE Standard 90.1-2004 for a heat-load dominated region of
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the country; however, the walls have a lower R-Value than the High Performance Case. The primary
difference between the High and the Advanced Performance Case buildings is that the Advanced
Performance Case does not include any advanced mechanical building systems, such as the ground-source
heat pump included in the High Performance Case. In terms of building rating systems, the Advanced
Performance Case would be equivalent to a LEED-certified building that achieves approximately half

(5 out of 10) of the “energy optimization” points or at least 24.5% better than energy ASHRAE Standard
90.-2004 level (USGBC 2005).

The Above Code Case building is characterized as just meeting code for all building envelope
requirements. Although the Above Code Case uses the same basic lighting technology (T8 linear
fluorescent lighting with electronic ballasts) as the High Performance and Advanced Performance cases, it
does not have any specific daylighting design features to help reduce heating, cooling, and lighting loads.
The Above Code Performance Case building is assumed to have a high-efficient HVAC unit roughly
equivalent to the unit installed for the Advanced Performance building. Even if we were to assume that
the Above Code Performance Case building was commissioned upon completion of construction, it
would still not meet the mandated prerequisite energy requirements for a LEED-certified building.*

2.4 Energy Savings for the Three Cases

When extending the savings analysis into the long term, some thought should be given to how the
energy-saving features in these advanced performance office buildings degrade over time. While millions
of square feet of commercial building floorspace are renovated and retrofit each year, there is relatively
little public data and limited analysis that characterize these retrofits and renovations and document the
energy consequences of such activities. Some designers and architectural studies have reported that a
building’s skin, or the outermost layer, is modified (primarily cosmetic changes) every 20 years, while
interior elements of a building are reconfigured or replaced about every 5 to 7 years (Birkeland 2002). It
is not clear whether these cosmetic renovations and retrofits would potentially impact energy-related
envelope features, such as the R-Values of roofs and walls. It is likely, however, that at some point in the
life of an office building, some sort of retrofit would take place that would potentially impact its energy
systems and usage. Figure 5 illustrates some office building retrofits that would likely occur during the
course of a building’s life that would impact the building’s energy system and potentially its consumption
level. These assumed retrofits are used in this analysis to characterize the projected savings levels for the
High and Advanced Performance cases throughout the assumed life cycle of the building.

Component replacement/ Component

Building component upgrafie. Major lighting replacement/ upgrade.
retrofit. Some shell Some fagade

replacement/ L . ) .

X . retrofits including roofing improvements (e.g.,
upgrade (including R R i i
R material, window reflective coatings)

mechanical, sensors
replacement.

and controls).

[l 2010 | 2025 | 2040 | 2055 | 2070 | 2085 | 2100 | 2115 |

Figure 5. Likely Energy-Related Retrofits During the Life of a Commercial Office Building

! LEED-certified designs (Version 2.2) must earn at least two energy optimization points, which means they must be
designed to reduce energy costs by at least 14% below ASHRAE Standard 90.1-2004 (USGBC 2005).
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We measure savings over time by comparing the energy consumption of the hypothetical energy-
efficient cases to a reference set of office buildings that are built approximately to the ASHRAE Standard
90.1-2004. Making the enabling assumption that approximately 10 million ft* of new commercial office
floor space’ is characterized as Above Code, the potential savings in a heat-load-dominated climate is
estimated to be about 65 billion British thermal units (Btu) per year (Figure 6) if these buildings are built
at the Above Code level rather that at code (90.1-2004). On the other hand, if this stock (10 million ft?)
were characterized as the High Performance Case building, the savings would be approximately
630 billion Btu per year, and although this would decline over time, it is reasonable to assume that a
portion® of the savings would be sustained such over the lifetime of the building. The Advanced
Performance Case (also assumed to impact 10 million ft? of new office space) would save approximately
320 billion Btu per year in the near term, a figure that is estimated to decline to about 100 Btu per year in
2060 (i.e., assumed to maintain at least 30% of original savings level). Figure 6 shows the cumulative
site energy savings of the three sets of buildings over a 100-year period.

Cumulative Site Energy Savings (TBtu)

16

Extended Analysis Period

——High Performance Case

—— Advanced Performance Case

Above Code Case

Site Energy Savings (TBtu/Year)

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

Figure 6. Savings Measured Over Time for Sample Office Building

Although high efficiency mechanical equipment can improve the savings and potentially be deployed
quickly and broadly in commercial buildings, this equipment typically has a life of about 20 years. After
that point, it is reasonable to assume that the equipment would potentially be replaced with something as
efficient or likely even more efficient. To capture the implications of this assumption, we do not count

! For perspective, this would roughly reflect all the new small office floor space added to the building stock in a
given year in the state of Illinois, for example.

% For the purposes of this analysis, it is assumed that 40% of the original savings amount will persist for the High
Performance Case throughout the analysis period.
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the energy savings attributable to the original high-efficiency equipment when the mechanical unit is
retired. Therefore, the savings for the Above Code Case as shown in Figure 6 drops off at 2030. In the
Advanced Performance Case, there is likely to be a more gradual degradation of savings over time due to
the need for equipment replacement and major retrofits. Again, even though replacement technology
would likely be something even more efficient than the technology originally installed, the relative
savings attributable to DOE’s CBI program would be diminished.

Based on EIA’s historical trends and future projections as documented in the Annual Energy Outlook
(AEO), the energy use per square foot or EUI of all building stock (including high performance) is
assumed to decline over time. When renovations and retrofits occur, the savings gap between baseline
practices and the High Performance Case narrows. Although the overall EUI is expected to decline over
time for all buildings, the rate at which the High Performance Case EUI declines is expected to be lower
than the rate of decline for standard practice and/or baseline buildings, because many of the energy-saving
opportunities have already been exploited in the High Performance Case. Therefore, relative to the
baseline, the energy saved with the High Performance Case will likely decline over time as equipment
wears out and the gap between high efficiency and standard practice narrows. However, because of the
inherent energy-optimizing design features of these buildings, a portion of the energy savings of the High
and Advanced Performance office buildings are likely to be sustained, even into the very long-term.

All case results are based on the assumption that the building operation will be optimized throughout
the life of the building. As noted previously, the studies related to savings persistence and actual building
performance in high performance buildings would imply that this is a highly optimistic assumption. In
addition, there are other unknowns. If the interior of a building is reconfigured, which some studies
suggest happens approximately every 5 years, this could potentially alter the design performance of both
the daylighting-optimizing and advanced HVAC features. For example, if an open-plan office that
benefits from the outdoor light is sectioned off into walled offices and/or surfaces are recoated with
nonreflective materials, the daylighting design benefits could be altered and likely diminished. Similarly,
the use of building space is often altered. For example, if a corridor designed as a thermal flux zone is
filled with cubicles, people, and equipment, the HVAC balance could be altered and a system that was
once optimized may no longer operate as efficiently. In addition to physical building changes and
degradation, there may be other operational and behavioral effects that impact the potential energy
savings. One such effect is sometimes referred to as the “take-back” effect, which involves increased
energy use concurrent with the deployment of energy-efficient measures (Granade et al. 2009).

It is likely, however, that the initial investment to design and construct a ground-source heat pump,
for example, with an inherent efficiency advantage over most systems will continue to pay off in terms of
energy savings well into the future. Thus, although degradation of savings is likely, a portion of savings
for design-intense energy-optimizing features such as the integration of a tightened shell with daylighting
optimization designs and advanced mechanical systems can potentially be sustained for the lifetime of the
building.

3.0 Challenges and Uncertainties of Long-Term Analysis

Although extending the analysis into the long term has analytical appeal in terms of capturing the life
cycle benefits of the program and assessing the potential impacts on carbon emissions reductions, it is not
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without drawbacks. A number of logistical complications and analytical shortcomings were identified in
the process of extending PNNL’s BEAMS model out to 2120, as listed below:

1. Reference case complexity: We have traditionally worked with BTP Technology Development
Managers to characterize BTP programs to be modeled over 20 to 30 years. Whenever possible,
PNNL relies on centralized data sources, such as the AEO, CBECS, and Residential Energy
Consumption Survey (RECS; all of which are developed by EIA) to develop reference forecasts. By
extending the forecast out by 100 years, we were required to pull data from multiple, and potentially
inconsistent, sources. These new data sources are less detailed in their building characterizations and
are not updated annually, which required PNNL analytical judgment to “marry” the more specific
short-term reference case to the long-term general case. In addition, multiplying these input variables
by 100 vastly increases the size of input tables and pushes the limits of the underlying modeling
compiler, slowing processing considerably. Appendix B contains specifics as to how the reference
case was extended.

2. Bottom-up versus top-down modeling: The BEAMS model is a bottom-up accounting model that
requires detailed input. Because of its structure, it is a useful tool for examining details and nuances.
For example, a program modeled within BEAMS can be fine-tuned such that it targets a specific end
use and equipment type within a specific building type in a specific region. Because it is able to
capture these programmatic and technological nuances, it is well suited to be a short-term or possibly
a mid-term modeling tool, when more is known about program specifics and the target market. When
extending this model into the very long-term, however, this detailed bottom-up approach potentially
introduces multiple sources of error. For example, in the year 2120 (and all intervening years), the
BEAMS model requires a forecast of how many square feet in food service buildings in the north will
be using electric rooftop units of some given efficiency (and so on). The fine level of detail carries
with it the danger of introducing multiple errors related to data sources and the compounding of
computational errors. This is typical, however, in other forecasting models that project over long
time horizons, and the longer the forecast period, the less the certainty.

3. Stock and equipment turnover: Extending the analysis revealed both empirical and theoretical issues
related to how to analyze and model long-term stock and building turnover. The sources and
algorithms used to integrate stock turnover within the model are primarily based on 20- to 40-year
periods, and simply extending these assumptions into the long term introduced some analytical
imbalances that still need to be resolved. For example, neither the whole building nor envelope
algorithms incorporate a lifetime variable, so any assumptions regarding the building shell are “set”
for the entire analysis period, as opposed to a specified life. Additionally, envelope components are
not broken out within BEAMS because they have always been assumed to last throughout the
analysis period. However, the life of a window within that shell is most likely different than the life
of the wall insulation. Therefore, a simple addition of “envelope component life” is significant
because these nuances will need to be considered.

Another factor that must be considered is how BEAMS has historically considered building vintages.
Currently, there are two sets of vintages: new and existing. New stock is anything built during the
analysis period, while existing stock represents the buildings that existed prior to the analysis period.
The existing stock has a built-in removal rate to account for demolition, while new stock has no such
rate applied to it. Therefore, in the long-term analysis period, existing stock approaches zero, while
new additions continue to rise without removal rates. A method to deal with new and existing
building stock more accurately to account for building additions and removals will have to be
developed.
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4. Dealing with big unknowns: In the next 100 years, events will occur that we cannot predict or
capture in an incremental model. There will likely be some sort of technological breakthrough—
possibly in lighting or HVAC technology. These kinds of unknowns would likely best be captured in
a scenario type of analysis or modeling tool. In addition, to characterize programs and technologies
over a 100-year period, more thought should be given to how buildings and technologies age and how
building equipment stock turns over in a long-term analytical framework.

4.0 Conclusions and Recommendations

The total potential for many new energy-efficient technologies and designs to reduce energy
consumption and associated carbon emissions is substantially undervalued using an analysis period that
terminates with the current AEO forecast, such as 2030. This is because new technologies are represented
as incremental additions to the capital stock over time. Because some of the capital stock turns over
rather slowly and because many of these programs have long-term sustaining benefits, the full impact of
the program may be more adequately reflected in a “very long-term” analysis. Further, many
technologies in the BTP portfolio will not be introduced for several years after the beginning of the
analysis period and hence these technologies are unduly penalized under a relatively short analysis period.
Thus, there is benefit to extending the time horizon of the analysis. Over time, however, the level of
savings of high-efficiency buildings relative to a baseline becomes increasingly more uncertain.

Although the optimal timeframe was not determined, it is clear that uncertainties both in terms of
assessing the baseline and in characterizing how buildings age over time greatly increase at about 50
years into the future. Although true for any forecast methodology, predictions of such things, such as
“break-through” technologies also become wild guesses in the long term. The savings for some building
R&D activities are expected to be sustained well into the future, and a forecast that only extends 20 years
clearly will prematurely truncate savings. An extension to 2060 would provide 50 years of data for early
adopters and also capture the peak savings level of the BTP.
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Appendix A

Summary of Five Sustainable Building Rating Systems

Numerous building rating systems include ratings and evaluations of building energy use (either
simulated or metered) and/or energy efficiency measures. A 2006 Pacific Northwest National Laboratory
(PNNL) study completed for the U.S. General Services Administration reviews 30 sustainable building
rating systems, and identified five design rating systems that focus on a whole building evaluation (rather
than individual design features), provide clear ways to assess building design, and were applicable to
common commercial building types in the U.S. market.

Of the 30 rating systems screened, detailed information was provided for five design rating systems,
including criteria that specifically address optimizing energy usage design in the buildings.
Approximately 20% to 35% of all the points earned as part of the rating system are directly linked with
energy optimization. In addition, energy efficiency and usage can indirectly be impacted by other rating
categories such as water conservation, site optimization, and operational and maintenance practices. All
programs focus on reducing overall building energy consumption through energy-demand minimization
measures, energy-efficient systems, and “right sizing” of equipment, and all include credit for various
renewable sources of energy. The following provides a brief description of each of these five rating
systems and some of the energy measurement and optimization criteria included as part of these systems
(Fowler and Rauch 2006):

¢ Building Research Establishment’s Environmental Assessment Method (BREEAM ): Developed in
the United Kingdom in 1990, BREEAM is the building environmental assessment method with the
longest track record. Energy use is measured and validated through sub-metering.

o Comprehensive Assessment System for Building Environmental Efficiency (CASBEE): Developed
in 2001 in Japan, the CASBEE rating system distinguishes the environmental load (in terms of energy
and water usage, materials, environmental impact and pollution, etc.) from the quality of building
performance and relates these two factors plotted on a graph, with environmental load on one axis and
quality on the other. The “best” buildings will fall in the section representing lowest environmental
load and highest quality.

e GBTool: GBTool was developed by the International Framework Committee for the Green Building
Challenge, an international project that has involved more than 25 countries since 1998. For GBTool,
life cycle analysis was used as the basis for the embodied energy criteria. Energy consumption is
assessed through total use of nonrenewable energy (embodied and operational), electrical peak
demand for operations, use of renewable energy, and commissioning.

o Green Globes™ U.S.: Green Globes™ U.S. was adapted from the Green Globes Canada rating
system in 2004 and is an online tool designed for use by architects and builders for any size
commercial building. Approximately 36% of Green Globes™ U.S. points are earned through energy-
optimization measures, which focus on energy-demand minimization, energy-efficient systems, and
renewable sources of energy.

e Leadership in Energy and Environmental Design (LEED): LEED was developed and piloted in the
United States in 1998 as a consensus-based building rating system by U.S. Green Building Council
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(USGBC) member committees. The rating system addresses specific environmental building-related
impacts using a whole building environmental performance approach. Approximately 25% of the
points that can be earned are directly related to energy optimization. All LEED-certified buildings
are required to meet certain minimal building energy design standards (14% better than the American
Society of Heating, Refrigerating, and Air-Conditioning [ASHRAE] Standard 90.1-2004) and
building energy commissioning is mandatory. Additional points are given for daylighting, occupant
controls and thermal comfort design strategies. Energy modeling is required for all LEED projects
unless the prescriptive approach of following the Advanced Energy Design Guides is chosen.

Only two of these systems (Green Globes™ U.S. and LEED) have a U.S.-specific version; however,
the remaining three have versions that can and have been applied to the U.S. market. LEED is currently
the dominant system in the United States market and is being used in 91 countries. A publically available
Product Development and Maintenance Manual governs how changes are made to the LEED rating
system. The steps followed for the development of USGBC rating system products include technical
development by committee, pilot testing, public comment period, approval by council membership, and
then release for public use. Documentation of the quantifiable energy design measures are provided to
the USGBC, the developer of the LEED rating system, for third-party verification. The assessors have
been trained and must pass an examination.
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Appendix B

Extension of Reference Case

The original reference case contained in the Building Energy Analysis and Modeling System
(BEAMS; through 2030) relies primarily upon data from the Energy Information Administration,
including the National Energy Modeling System (NEMS), Commercial Buildings Energy Consumption
Survey (CBECS), and Residential Energy Consumption Survey (RECS), although other sources are also
used. Extending the reference case required some thought, because the requirements included data
consistency as well as citable sources. The reference case contains the following data sets:

o building stock forecast (by building type, vintage, and region)

o equipment efficiencies and market shares (by building type and region)
o base loads (by building type, vintage, and region)

o emissions factors and water factors (applicable to all types)

o electricity conversion factors (applicable to all types)

o fuel prices (by building sector).

The extension of each of these data sets is discussed in the following sections.

B.1 Building Stock

The building stock forecast was developed by extending the Annual Energy Outlook’s (AEQ’s)
current forecast (to 2030) linearly by principal activity out to 2120. Projections for the split between new
and existing commercial stock were also extended based on the current assumptions for removal rates.

B.2 Equipment Efficiencies and Market Shares

For equipment efficiencies and market shares pertaining to heating, cooling, and water heating,
PNNL used data from the MiniCAM model, a global, integrated assessment model of energy, agriculture,
greenhouse gas concentrations, and climate change (Clark et al. 2007). MiniCAM’s inputs are developed
in 15-year increments from 1990 through 2095, for a more generic set of equipment types.

Equipment shares through 2030 were developed using NEMS projections and CBECS data. To
develop a forecast through 2120, the MiniCAM equipment types were disaggregated when necessary,
based on the share of equipment in 2030 from the NEMS/CBECS forecast. For example, MiniCAM
contains heating shares for electric heat pumps and electric furnaces/boilers, while the NEMS/CBECS
forecast includes electric heat pumps, boilers, furnaces, individual space heaters heat, packaged units, and
other electric heating. Therefore, the MiniCAM share for heat pumps would have been assigned to the
heat pump category, while the furnace/boiler share was divided into the other categories, based on share
in 2030. The 2095 end point was used to develop trend lines using a polynomial function, and then those
equations were applied to develop an annual forecast (Figure B.1). Both NEMS and MiniCAM use a
forecast of energy prices, among other factors, so the resulting market shares projected from these models
depend on the underlying assumptions about energy supply and demand within the United States.
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Figure B.1. Example Trend Line Plot to Forecast Market Shares for Electric Heating in the North
(excludes electric heat pump)

Equipment efficiencies were taken from MiniCAM, linearly interpolated, and entered directly into
BEAMS.

For lighting, representative building type aggregate illuminance levels (in footcandles) were
developed using the ASHRAE/Illuminating Engineering Society of North America (IES) Standard 90.1
analysis models that include data from the PNNL NC3 data set (Richman and Rauch 2007). The models
were reconfigured to calculate light levels associated with meeting the 90.1 criteria based on IES lighting
recommendations.

Current lighting technology percentages by building type were developed from current building
lighting data available in the PNNL NC3 data set. Future projections were developed from a combination
of current replacement and retrofit trends and expected future efficacy improvements.

Current and vintage lamp efficacies were developed using recent product analysis performed for
federal lamp efficiency rulemaking efforts. These values represent typical current product characteristics.
The generic lighting efficacies were calculated by fitting the building level efficacy and adjustment
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factors to the technology specific data for 2010, 2020, 2030, and 2050 to calculate a trend lines (typically
a power fit) for each piece (efficacy and adjustment factor). These are then projected out to 2120.

B.3 Base Loads

Base loads were updated with energy use information derived from the Facility Energy Decision
System (PNNL 2008) to reflect current and projected energy technology and consumption behavior.
Lighting and miscellaneous equipment inputs were derived from MiniCAM inputs.

B.4 Emissions Factors, Water Factors, and Electricity Conversion
Factors

Emissions factors, water factors, and electricity conversion factors were developed using MiniCAM
assumptions about electricity generation, heat rates, and fuel mixes.

B.5 Fuel Prices

The fuel price forecast was extended using assumptions from the MiniCAM model. Because the
MiniCAM model uses natural gas prices at the wellhead, instead of the price to the buildings sector, the
average difference between AEQ’s wellhead forecast and building price forecast was applied to yield a
comparable natural gas price forecast.
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