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Abstract Energy performance indices are used around
the world to evaluate and monitor residential and com-
mercial building energy performance during design,
construction, renovation, and operation. The two most
common indices are Asset Ratings and Operational
Ratings. Asset Ratings are based on modeled energy
use with uniform conditions of climate, schedules, plug
loads, occupancy, and energy management. Operational
Ratings are based on measured energy use, often nor-
malized for relevant variables like climate and level of
energy service. Surprisingly, there is almost no discus-
sion in the literature about the technical basis of these
ratings and what they are attempting to measure. This
paper analyzes the merits and weaknesses of the
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common ratings and introduces additional energy per-
formance indices, in particular the Operation and
Maintenance (O&M) Index, which is the ratio of the
energy consumption as measured at the meter to the
simulated energy performance, calibrated for the actual
operating conditions of the building. We provide exam-
ples of how such indices are currently used, although we
do so as examples to illustrate our hypothesis as to what
indices are most helpful to improve energy manage-
ment, rather than as a comprehensive review. We show
how these indices work together to provide better feed-
back to energy managers. The Operational Rating an-
swers the question: “how does the energy intensity of
this building compare to its peers?” The Asset Rating
answers the question: “how efficient is this building?”’
The O&M Index answers the question: “how well is this
building being managed?” These questions are useful to
answer in the context of a comprehensive energy man-
agement program, such as would be required by an
Energy Management System standard.

Keywords Benchmarking - Energy performance indices

(EnPIs) - Managing energy performance - O&M index -
Operational ratings - Asset ratings
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Introduction

ISO 50001

Energy Management practices can be implemented
systematically through Energy Management
System standards. The International Organization
for Standardization issued the first version of its
standard on Energy Management System, ISO
50001, in June 2011 (ISO 2011). It requires the use
of Energy Performance Indicators, or EnPlIs, to
monitor whether a building is on track in meeting
goals of continual improvement in energy
performance. EnPlIs are the key feature of the data-
driven approach in the Standard. The overall
structure requires the qualifying organization:

e to adopt an energy policy at the executive
management level;

e to create a cross-divisional management team
led by a representative who reports directly to
top management;

e to undertake an energy planning process that
includes an energy review;

e to create baseline(s) of the organization’s
energy use;

e to track energy performance indicators against
the baseline to measure progress;

e to develop energy objectives and targets for
energy performance improvement at relevant
functions, levels, processes or facilities;

e to develop action plans to meet those targets
and objectives;

e to establish operating controls and procedures
for significant energy uses;

e to measure , manage , and document energy
performance for continual improvement for
energy efficiency; and

e to report progress periodically to top
management.

This Standard does not require any specific EnPlIs,
but this paper recommends a structure for how to
select, measure, and compute EnPIs for buildings.
The intent is to characterize building energy
performance with indicators that span the full
range of issues that energy managers must address
and to allow the energy management plan to
address both physical changes to the building and
operational effectiveness in the context of a plan
for continual improvement. A similar structure of
EnPIs also applies to industry (Goldstein et al.
2011).
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Different forms of energy performance indices
(EnPIs) are used around the world to evaluate and
monitor the energy performance of both residential
and commercial buildings. These indices are intended
to inform decisions while the building is being designed,
constructed, renovated, or operated.

Building energy management is most effective when it
is based on quantitative measurements and predictions.
Building energy performance is the result of the interaction
of an engineered system with operation and maintenance
(O&M) practices and with occupant demands and behav-
ior. Since each of these three dimensions of energy perfor-
mance—the engineered system, O&M practices, and oc-
cupant needs—is largely independent, three EnPls are
necessary to describe and manage the building and isolate
these factors. Attempts to characterize building energy
performance with fewer than three EnPIs are likely to fail,
as a three-dimensional space cannot be described with less
than three parameters.

Building energy management may be undertaken in
accordance with an energy management system stan-
dard. A prominent example of such a standard is ISO
50001, which is described in the sidebar.

This standard helps the user to understand one im-
portant context in which the different EnPIs might be
used: to evaluate progress towards targets for continual
improvement in the various aspects of building con-
struction and operation. An effective EnPI allows man-
agement to track progress towards a goal for that metric
and to get good feedback as to how the plan is
progressing. A less effective EnPI may show improve-
ment when the underlying activity or system is not really
improving, or conversely.

Design and construction establishes the inherent en-
ergy efficiency of a building. Building managers can
improve energy performance or allow it to degrade
through operation and maintenance practices.

We use the term “energy performance” as it is used in
ISO 50001: to define the problem in terms that are broader
than energy efficiency. EnPls should, we assert, address all
three dimensions of energy performance, and to the max-
imum extent possible distinguish between them. Attempts
to reduce building energy use by compromising energy
service levels are resisted by the real estate industry and by
building occupants because often they do not make eco-
nomic sense. The value of retail sales in a store, or the cost
of salaries of workers in an office building, or the value of
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medical services provided in a hospital, exceed the cost of
energy by one or two orders of magnitude, so compromis-
ing the main function of the building to save energy is
clearly a departure from optimality.

We define energy efficiency as the provision of
a constant level of energy service while using less
energy. We do this because “one very rarely en-
counters an explicitly stated definition of ‘energy
efficiency’” (National Academy of Sciences 2010);
thus the US National Academy study discusses
several alternate definitions. This paper’s definition
aligns with the primary definition used in that
study’s discussion of the buildings sector, and is
used as that study uses it, to distinguish efficiency
from conservation, which includes both improve-
ments in O&M procedures and reductions in com-
fort or other energy service levels.

This paper does not use the concept of conservation
because of our desire to distinguish between O&M
effectiveness and energy service level. Thus, efficiency,
as used in this paper, refers to design and technology. It
usually can be controlled, and always can be influenced,
by building management.

O&M procedures involve both occupant and manage-
ment behavior. They are a critical piece of energy manage-
ment because some companies are able to demonstrate
substantial improvement in energy intensity year after year
based overwhelmingly on non-capital measures.'

Occupants determine the level of energy service that is
provided by the building, including hours of operation,
density of energy-using equipment, and comfort require-
ments. These energy service demands are usually outside
the scope of what a building energy management plan can
address, so they are taken as a given. Energy performance
can therefore best be monitored if there are EnPls that can
normalize metered energy use for a constant level of
energy service.

There are two common types of building EnPIs
(Maldonado 2011). The Asset EnPI or Asset Rating is
based on modeled energy use (taking into account phys-
ical measurement of relevant characteristics of the build-
ing) with uniform conditions of climate, schedules, plug
loads, occupancy, and energy management. Asset
Ratings are analogous to the Coefficient of Performance

! Personal communication with Steven Schultz, energy manager
for the 3M Company, August 2009.

(COP) rating for air conditioners (as reported to the
consumer based on laboratory tests under standard con-
ditions) or to fuel economy ratings for automobiles
(which similarly are derived from standard protocols
based on laboratory tests).

Sidebar on Asset and Operational Ratings

There has been a lot of confusion about the relative meaningfulness
of Asset Ratings as compared to Operational Ratings. The
following examples for television sets and automobiles illustrate
the differences and provide insights on how each may be used.

Televisions

Televisions are a rapidly growing source of energy consumption as
screen size becomes bigger and people continue to watch more
video content, both at home and in commercial establishments.
The energy consumption of TVs depends on many factors. Some,
such as the brightness of the screen, hours of operation, and
program content, are related to how the TV is used. Other factors
such as LED back lights, electronics, and standby controls are
features that affect energy efficiency under all conditions.

An Asset Rating for a TV focuses on its inherent energy efficiency
features and attempts to rate TVs using a standard pattern of use.
This is achieved by measuring the short-term energy consumption
of a television under a tightly-defined set of conditions (“test
procedure”). The test procedure includes assumptions about the
brightness level and the program content. The test involves a
specific video loop. Predictive equations are then used to estimate
annual energy consumption. As such, an Asset Rating is useful to
potential buyers, as they can compare the energy efficiency of
products under a standard set of operating conditions.

By comparison, an Operational Rating for TVs measures the
energy consumption over some period of time as the TV is
subjected to a variety of operating conditions. The measurement
could then be compared to an average for all TVs of that class or to
some other baseline or standard. The measurement is easy to make,
but it is difficult or impossible to discern what is causing one set’s
measurement to be high and another’s low. It could be that in one
case, the TV was used for longer hours or in a bright room, while in
another case the measurements could be low because the TV was
used in a dark room (lower brightness) and for fewer hours.

There is a role for field measurements, but to use such
measurements for a standard would result in considerable expense
and offer little intellectual clarity on the causes of high energy use
or what could be done to reduce it. By contrast, the simple test
protocol of Asset Rating predicts the energy consumption for a
typical user, based on a handful of measurements.

Everyone who buys a television ought to recognize that the energy
consumption of the TV in their own home or business may differ,
often radically, from the energy consumption on the rating. A
consumer that watches the television half as many hours per year as
the test procedure obviously will use about half the energy. A
consumer who watches the television in a dark room will generally
consume much less energy than one who operates it in a bright
room, since the screen brightness in many new TV models
automatically adjusts to real-time measurements of ambient
brightness. The owners of a sports bar will recognize that not only
are the hours of operation likely to be much longer, but the level of
brightness that the bar manager chooses may exceed the level in the
test procedure.

(continued on next page)
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Thus, the Asset Rating is used to evaluate which set to buy and the
wise energy manager will adjust the values in the Asset Rating to
assess actual usage patterns. Likewise, Operational Ratings or in-
situ measurements would be useful to a sophisticated energy
manager in a facility with lots of similar televisions to identify sets
that are using more energy than expected and to correct the
problem.

Another issue with Operational Ratings is self-selection bias. For
instance, larger TV sets tend to be used in brightly lighted spaces
for longer hours, e.g., in retail establishments and transportation
terminals. The conclusion might be that larger TVs are less
efficient, but this is the wrong message, especially since Asset
Ratings tend to get better (in energy use per square centimeter of
screen) with size.

Automobiles

Asset Ratings for automobiles have been used for decades in many
countries. In the U.S. the metric is miles per gallon (MPG), while
most other countries use liters of fuel per 100 kilometers of travel.
These are widely accepted as measures of a car’s fuel economy
(we do not use the word “efficiency” here because the metric does
not control for size or performance). Both are determined by
driving the car through a test track or dynamometer at precisely
controlled speeds such that every car is subjected to the same
conditions. Asset Ratings for cars are taken into account by most
buyers when they make a purchase, although all understand that
“your mileage may vary”.

One could also measure a car’s fuel economy by tabulating the
liters of fuel used per year. This would be an Operational Rating.
However, the rating would be affected by the distance driven, the
maintenance record of the car, the type of driving done (for
example, pulling a trailer up mountains or hauling heavy tools
versus commuting to work on an expressway), and the care taken
by the driver (such as smooth driving versus lots of sudden
acceleration and deceleration). The Operational Rating could be
useful to compare the driving habits and needs of one family to
another, but would be of little value in informing a purchase.

With automobiles, there is likely a large problem of self-selection
bias, like for TVs. One would expect a high-performing hybrid to
be used preferentially for families that need to drive a lot or for
taxicab services, while one similarly would expect a light truck to
be used for hauling equipment and tools to job sites. Both would
artificially inflate the expected fuel consumption compared to a
method that normalized for energy service level and O&M quality.
There are other potentially offsetting factors: some have argued
that hybrid drivers are more sensitive to fuel economy and drive
more gently, or use their bicycles more. The point is that the
complications are hard or impossible to remove from an analysis
that depends solely on Operational Ratings.

We would no doubt find some spurious but statistically significant
correlations. For example, if we measured the number of liters of
fuel consumed by an automobile as a function of its age, no doubt
we would find that 50-year-old cars use the least energy. But it
would be wrong to infer that the best efficiency policy would be to
get everyone to renovate cars from the 1950s.

The Operational EnPI or Operational Rating is based
on metered or measured energy use. The Operational
Rating takes account not only of the physical character-
istics of the building (the building asset) but also the
level of energy service provided and how it is operated
and maintained.
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This paper discusses and contrasts the merits of Asset
Ratings and Operational Ratings, and also suggests the
use of a two additional EnPIs, which we call the O&M
Index and the Energy Service Index. The latter two
EnPls are not ratings that are useful to disclose, but
rather ratios useful for energy management decisions.

e The O&M Index is the ratio of the energy consump-
tion as measured at the meter to the simulated energy
performance from the models used to determine the
Asset Rating. But in contrast to the simulation used
for the Asset Rating, the O&M Index accounts for
the actual conditions of building operation.

* The Energy Service Index is the ratio of simulated
energy performance of the rated building at its ob-
served level of energy service to the energy perfor-
mance of the rated building at the standard level of
energy service assumed for the Asset Rating.

We show that the Asset Rating, the O&M Index, and
the Energy Service Index may be used together to
provide better feedback to energy managers on inherent
building energy efficiency, operation and maintenance,
and occupant demands.

In contrast, the Operational Rating is a more holistic
yet simple-to-derive value that can encourage better
energy management practices, particularly when used
at the senior executive level as part of an Energy
Management System approach, but that includes too
many factors to be very helpful as a tool to accomplish
or accurately measure progress toward any specific en-
ergy performance goal.

The recommended EnPIs provide quantitative an-
swers to relevant questions about building energy per-
formance management. The Operational Rating pro-
vides an overview of the effect of all aspects affecting
building energy performance. While it can motivate
better energy management, it does not offer clear direc-
tions for how to do so: Low energy use might be an
indicator of high efficiency, or it might be a consequence
of exceptionally effective O&M in an inefficient build-
ing. Alternately, it might be an indicator of very low
tenant demands for energy services.

Operational Ratings may also be susceptible to self-
selection bias. The PlaNYC study (Hsu et al. 2012) found
that new buildings had higher EUIs than older buildings.
One could attribute this trend to the hypothesis that newer
buildings are less efficient. But this hypothesis would
amount to saying that energy codes do not save energy,
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when the bulk of evidence overwhelming corroborates the
hypothesis that they do. Instead, virtually every expert we
have talked to on commercial real estate in New York, both
business people and building science experts, argues that
newer buildings are more likely to be Class A buildings
that provide more amenities—more energy services—and
also attract tenants with higher needs for IT, comfort,
catering services, etc.

Nonetheless, the Operational Rating is an extremely
valuable EnPI to report to top management and to the
public and thus can motivate more detailed analysis at
the operational level of building management that may
rely more heavily on the other EnPIs. The selection of
effective EnPlIs varies depending on the scope of re-
sponsibility of the user of that EnPI (Goldstein and
Almaguer 2013).

There is surprisingly little discussion in the literature
about the reasons why a particular index is useful or
optimal, or how it should be derived in principle.” A few
papers and books discuss how Asset Ratings or
Operational Ratings can be developed in a particular con-
text, but there seems to be no source offering a framework
discussion on what these ratings are intended to accom-
plish, or of why they are best derived in one particular way
rather than another. These sorts of policy discussions
appear to be limited to informal or implementation-
focused articles (Crowe and Falletta 2012; Graden et al.
2008), conversations, and write-ups, without the opportu-
nity for serious scientific discussion on the theory and
methodology.

As a result of this thin literature, discussions about the
relative merits of the different EnPIs have been informal,
and have not resulted in scientific clarity or the ability to
resolve differences in opinion based on the scientific meth-
od of forming clear hypotheses and analyzing data in a
way that is intended to corroborate or falsify a rigorous
hypothesis. This paper attempts to fill this gap by provid-
ing such a framework. It offers the possibility of forming
hypotheses that can be tested against the data gathered both
in formal studies and in analysis of raw data provided by
examining the outcomes of real-world rating and labeling

2 After the authors performed an extensive literature review them-
selves and found virtually nothing relevant other than the sources
used to inform the sidebar on “Energy Use per Square Meter as an
EnPI”, we consulted other experts in the field to make sure that we
were not missing something. In personal communications with
David Eijadi, Prasad Vaidya, Philip Fairey, and Liu Xiang in
November 2012, these practitioners in the energy simulation field
were unable to identify any relevant literature in this field, either.

systems. And it suggests hypotheses about energy simula-
tion that can be tested scientifically, allowing a continual
improvement process of “Plan, Do, Check, Act” as re-
quired in ISO 50001, to upgrade the quality of both energy
models and of the assumptions used in their inputs.

While this paper presents examples of how its con-
cepts are realized in various places globally, it is not a
review paper in the sense that we do not try to infer
relationships inductively by examining best practices.
Nor do we attempt to be comprehensive in reviewing
rating systems worldwide. Instead, we propose hypoth-
eses about what types of EnPIs ought to be effective,
based on building science and on existing Management
System Standards, and then look to regional examples to
see the extent to which these trials validate or refute
these hypotheses (Table 1).

Analytic framework: Asset Ratings

Asset Ratings are based on simulated energy performance.
The simulation is based on physical measurements of
characteristics such as wall areas, window areas, thermal
conductance, air leakage, etc., combined with reported
measurements from manufacturers, such as the efficiency
of a boiler or the wattage of a motor (Maldonado 2011).
An Asset Rating is reported as a value of energy consump-
tion, usually a ratio but sometimes an absolute number. We
make the case later that Asset Ratings generally are best
expressed as ratios. Examples of Asset Ratings include
energy code compliance that uses the performance ap-
proach, the American “Home Energy Rating System” or
“HERS index” that establishes a score of 100 for a house
that meets the model US energy code as of a fixed date and
0 for zero net-energy home (RESNET 2012), and various
Asset Ratings in use in both the USA and many member
states of the European Union.

Asset Ratings are the exclusive energy rating method
for most common energy-using systems such as automo-
biles, refrigerators, and clothes washing machines, for
reasons noted in the sidebar. They are also most common
for single-family residential buildings. Point scores or
check-lists of efficiency features are not Asset Ratings,
although the ratios we recommend often are reported as
star ratings or letter grades.

Asset Ratings, if correctly implemented, isolate the
effect of the building asset by assuming standard oper-
ating conditions for energy service and O&M. Asset
Ratings are necessarily derived from simulation, since
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Table 1 Relationship of EnPIs to the dimensions that determine energy performance

EnPI Dimensions of Energy Use in Buildings
Efficiency of Building Asset

Level of Energy
Service

Operation and Maintenance

Asset Rating
Operational Rating
O&M Index

Energy Service Index

EnPI focuses on single dimension

this is the only reasonable way to apply standard and
identical operating conditions such as weather, O&M,
and energy service. Physically measuring energy perfor-
mance under such controlled conditions would be pro-
hibitively expensive in general, and perhaps impossible
for climate, whereas simulation is a simple and inexpen-
sive way to assure that efficiency differences are not
being confounded with differences in building operation
or weather.

Asset Ratings usually are expressed as the ratio of the
energy performance of the rated building to the energy
performance of a baseline or reference building. The
baseline building normally is assumed to have the same
conditioned floor area and general configuration as the
rated building, although a few energy codes limit the
maximum size of residential baseline buildings.

The energy performance of both the rated building and
the baseline building are determined through energy
models using standard schedules of operation, plug loads,
temperature settings, and other operational characteristics.
These and other required assumptions are a key part of a
successful Asset Rating system. We refer to these standard
characteristics as neutral independent (NI) operating as-
sumptions (neutral because they are the same for both the
baseline building and the rated building and independent
because they are prescribed independently of any choice
made for the rated building). This nomenclature is more
explicit and less subject to misinterpretation than more
commonly used and parallel terms such as “normalized”
or “standardized” because all possible combinations of

3 There have been only a few research projects that compare
modeled results to metered results for unoccupied buildings, care-
fully controlled to maintain identical conditions. One could also
compare results in which the analyst allows occupants if their
behavior is monitored on an hourly or more-frequent basis. But
these are research projects that are orders of magnitude too com-
plex and expensive to be used for ratings of real buildings.
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_ Some EnPIs adjust for energy service, but the adjustments are incomplete (see Table 2)
_ EnPI includes the effects of both the building asset and operational and maintenance practices

neutrality and independence may be used in deriving the
EnPIs discussed here. The technical basis of the asset
rating may be expressed as shown in Eq. 1.

EP,
Asset Rating = Asset EnPl = - RBN (1)
Ppp nr

where

EPrgni The energy performance of the rated building
determined from an energy model. The “NI”
subscript means that neutral independent
modeling assumptions are used.

EPggni The energy performance of the baseline

building determined through the same
modeling procedure. The same neutral
independent modeling assumptions are used
as for the rated building.

The energy models and assumptions used in certain
Asset Rating systems are quite good at predicting metered
energy use (Hassel et al. 2009; Johnson 2003), on average.
For residential buildings in the USA, the Asset Rating was
within 3 % of the metered average for cooling energy and
4 % for heating energy in Houston. This agreement is a
consequence of two factors: the accuracy of the simulation
model and the validity of the operating assumptions that
the Asset Rating system being evaluated requires modelers
to use. Both factors are essential for Asset Ratings to have
the value as effective EnPls that we discuss next. More
discussion of the ability of energy models to predict mea-
sured energy use accurately, both on average and for
particular buildings, is provided in the section “Accuracy
of asset rating systems and of energy models”.

Simulation models used in the context of Asset
Rating systems are even better at predicting relative
energy use; that is, the difference between one design
option and another, while keeping operational factors
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neutral between the options. Expressing the Asset
Rating as a ratio of energy performance using the same
modeling tool, climate data, and operating assumptions
for both the rated building and the baseline building
takes advantage of this benefit. If the model predictions
are high or low, or if the weather data is a little off,
energy performance predictions for both the rated build-
ing and the baseline building are off in the same direc-
tion and the ratio between the two is relatively un-
changed. Using a ratio allows errors to cancel out to
first order, whether the errors are due to weaknesses in
the simulation algorithms, errors in the input of the
building characteristics, or errors in specifying typical
operating conditions.

Note that some modeling differences are due to how
controls are treated. Asset Rating standards typically
contain control credits, in which a given control (such
as occupant-accessible manual dimming of specific lu-
minaires) is assumed to be used in a fixed way to reduce
energy use. Modeling rules for control credits are used
consistently with both the rated building and the refer-
ence building so this difference is also more neutral
when the Asset Rating is expressed as a ratio.

Some elements of energy service can be re-
introduced in that the standard conditions used in
an Asset Rating depend on generic categories of
energy service demand. Thus, the Asset Rating of
an antiques store will be based on higher lighting
energy use than for a clothing store, and the asset
rating of a warehouse used for storing small objects
will be based on higher lighting energy than for a
bulk materials warchouse where the operators do not
need to read fine print, and the Asset Rating for a
nursing home may be based on higher winter tem-
peratures than that of a university dormitory.

Asset Ratings are appropriate for a number of
purposes:

*  When one is evaluating the efficiency of a building
that is being constructed or when one is considering
purchasing or leasing, it makes most sense to eval-
uate the building and its comparables in the real
estate market while making identical assumptions
concerning energy service levels, operational condi-
tions, climate, and maintenance. If different build-
ings are evaluated with different operating regimes
or practices, then reliable comparisons of energy
ratings are not possible, since there are too many
uncontrolled variables.

* Asset Ratings give normatively “better” ratings
(lower energy use) for more advanced technologies
and designs, independent of variables that the owner
or developer cannot control, such as the need for
energy-intensive services such as Information
Technology (IT) or hotel laundry services.

*  Asset Ratings allow an apples-to-apples comparison
of'the efficiency of one building to another. It is very
difficult to compare metered data to a baseline and
also control for differences in energy service and/or
operations and maintenance.

e Asset Ratings are essential in developing energy
management programs and objectives for new
buildings and major renovations, since they allow
predictions of energy savings that will occur due to
features that have not yet been installed. They also
allow for quantitative comparisons of how far a
building has gone compared to leading- edge prac-
tice (NBI 2012; DOE 2011) in adopting efficiency
measures and design techniques, as seen next.

Most Asset Rating systems for both residential and
commercial buildings are expressed as the ratio of the
energy performance of the rated building to that of the
baseline building. This ratio allows meaningful compar-
isons of buildings across sizes and occupancy types: a
large office building that scores 20 % lower energy use
than the baseline (an index of 80) can be considered
more efficient than a small retail building that scores
10 % higher energy use than the baseline (an index of
110).

The calculation process also provides an absolute
measure of energy use (typically measured in GJ), or
of emissions associated with that energy use, or of
standardized operating costs (energy use by type
weighted by a standard schedule of cost by type and
often by time of use). These absolute measures are more
prone to error than ratios, but when ratings are used to
compare different buildings, the comparison provides a
ratio implicitly.

In the past, Asset Ratings have been relatively ex-
pensive to generate because the building simulation
software requires the user to specify large amounts of
data to describe the proposed or actual building and then
to do this again to describe the reference building. This
need not be the case in the future. Quality assurance
programs such as Residential Energy Service Network
(RESNET) or Commercial Energy Services Network
(COMNET) both reduce input costs dramatically and
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also add more confidence by requiring that the baseline
building be automatically generated and that neutral
modeling assumptions be uniformly applied. For exam-
ple, RESNET ratings typically cost less than US$ 500
for a 200-m? single-family house, and most of the cost
consists of on-site air leakage diagnostic tests.
COMNET is a specification for nonresidential energy
analysis software and users that use COMNET
accredited software should be able to perform perfor-
mance analyses in less than half the time it currently
takes.

RESNET and COMNET are interesting models be-
cause of their emphasis on specifying the details of sim-
ulation software that is sufficiently accurate and input
assumptions that are permitted or required to be used in
generating the Asset Rating. These assumptions are
intended to reproduce typical conditions of building en-
ergy service, controls functionality, and operational con-
ditions and thus generate predictions that will be equal to
average metered energy use to the extent possible. The
systems’ specifications are open to public review so that
newly discovered discrepancies between energy con-
sumption predicted using modeling results and measure-
ments of energy consumption can be corrected, whether
they are the result of the assumptions for operating con-
ditions in the Asset Rating or inaccuracies in the simula-
tion model algorithms or methods. Such an effort is
valuable for providing the most meaningful information
to the market on likely energy use and cost.

The assumption of on-site, post-construction inspec-
tion as a part of an Asset Rating is worth noting. Some
of the problems with Asset Ratings have been a conse-
quence of using as-designed parameters rather than as-
built to calculate the ratings. RESNET distinguishes
between the two by the terms “projected rating” and
“confirmed rating” and by requiring that all projected
ratings be accompanied by the disclosure on the first
page of the report: “Projected Rating Based on Plans—
Field Confirmation Required” (RESNET 2013).
RESNET ratings also typically include estimates of the
costs and energy savings (in both energy and monetary
units) of a set of recommended efficiency upgrades.

Using these protocols, Asset Ratings are easier to
generate because they are based on the same physical
characteristics and diagnostics as would be required to
demonstrate compliance with energy codes, and be-
cause the software standards (RESNET and
COMNET) require that most of the inputs be applied
automatically in the software as neutral independent or
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neutral dependent. Entries from users are mainly limited
to the parameters that would appear on energy code
compliance forms, such as U values and areas of enve-
lope assemblies, rated efficiencies of heating and
cooling equipment, power ratings of fans and lights,
etc. Thus, the amount of time spent inputting data on
the building’s energy characteristics is minimized.

Simulation is one of the primary tools being used to
implement the Energy Conservation Building Code
(ECBCO) in India (Bureau of Energy Efficiency 2013).
The Bureau of Energy Efficiency (BEE) is preparing an
on-line Asset Rating simulation model that automatical-
ly generates the reference building, similar to
COMNET’s requirements. The program has been b