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The 28 Energy Edge buildings are part of a multi-year effort to assess the
conservation potential for new commercial buildings in the Pacific Northwest. Our
work focuses on evaluating the measured energy performance of the buildings and
the cost and savings of individual measures. The goal of the analysis is to compare
each Energy Edge building with other new buildings in the region, and with
simulated performance of the same building without the energy-saving features~ We
also compare the design-stage performance predictions with the results of computer
simulations where the model has been "tuned" using monitored data from each
building. This paper reports results from the first year of performance analysisG
Pending availability of detailed monitored data for most of the buildings, we have
analyzed utility billing data for 26 buildings, hourly monitored data for four buildings,
and the detailed "tuned model tf results from one pilot study building0 Preliminary
findings are that, as a group, the Energy Edge buildings use less energy than other
new commercial buildings in the region, although more precise comparisons require
additional data on energy by end use, operating conditions, and weather" The Energy
Edge buildings typically use about 11% more energy (based on bill data) than
was predicted at the design stage. For individual buildings, however, there are
significant discrepancies between design predictions and whole-building energy useG
Most of this variation appears to be due to changes in building design, operating
characteristics, and imperfect performance prediction for individual measuresG
Understanding these differences will require detailed monitoring data and additional
computer modeling.. Although the results are still incomplete, the program already
points to useful lessons for updating the Northwest energy codes, as well as for other
commercial building research, demonstration, and design-assistance programs0

The Edge was initiated by the
Bonneville Power Administration to develop
the expertise necessary to implement full-scale new
commercial conservation programs in the northwest

of the United States.. By focusing on the
construction of new commercial buildings, Energy

meets the region's goal of capturing otherwise
lost to accomplish energy
conservation"

The Sn(;~ClrLC of the Energy project is to
commercial buildings to achieve

energy consumption that is at least 30 percent below
a base level of energy use0 The base energy use was
determined by applying the Model Conservation
Standards (MCS) for energy performance to each
building. MCS is similar to the ASHRAE 90
standard, with more stringent requirements for
lighting. The MCS requirements apply only to
electrical energy usage, although some of the Energy
Edge buildings use natural gas for "non-MCS" end
uses (such as commercial cooking) or for back-up
heatingG Certain miscellaneous energy end-uses
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(food preparation, office equipment, spas, etc.)
found in commercial buildings are not subject to
MCS requirements, and were excluded from the
30 percent savings target

OBJECTIVES

The reliability of ttconservation resources" in the
commercial sector needs to be documented, so that
decision makers can make appropriate choices to
meet the region's electricity needs4> Energy use in
the commercial sector is difficult to describe, let
alone predict Buildings and occupancy requirements
are idiosyncratic, and these differences are often
important in understanding their energy use. While
the number and types of buildings in the Energy
Edge program are not large enough for statistical
inferences, the program seeks to document case
studies that will provide reliable information on
measured costs and savings for a variety of measures
and building types. The specific goals of the
metering and data analysis are to determine:

e The effectiveness of modeling and its limitations
in energy-efficient design ofcommercial buildings
and of program-'Wide savings.

@ Levelized costs of savings for individual
conservation measures (ECM~) that might

be installed in typical commercial buildings in the

e Customer satisfaction and acceptance of the
measures, especially measures$

@ The of ECMs to new commercial
and their value to owners and

@ The cost-effectiveness of detailed
'ntlIr~?'S1l1l"r\?"1Inn- and fttuned" simulation models to

,.." 1't'1-Mr'\4"lli"£lIhr7 interested in the net effects of
beyond what have occurred in

the absence of the at an estimate
of net is often difficult, especially for
1I!J.JI, ....'~A"",..&)l..l'l.1J Im1Ple.mente~awithout an explicit control

One approach is building-by-building
of the actual building with a

conventional either hypothetical (using
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computer modeling) or actual, using data on real
buildings that are "similar~" 10 establish a broader
context for Energy Edge, however, we also need to
examine regional trends in new commercial
construction, energy-related code enforcement, and
other programS-Mas well as market forces. For
example, we would interpret Ene Edge results
differently if typical performance of a new,
non-Energy Edge building represented a 20%
shortfall......or a 20% improvement--compared with
MCS code requirements..

An important reason for doing a thorough technical
analysis as part of the program evaluation is to be
able to use experience with Energy Edge to guide
future technology choices and the design of
programs for new commercial construction.. Some
building features or operating practices that are
observed in the Energy Edge buildings, but were not
designated as energy-saving measures, may nonethe
less be very important for future buildings.. A prime
example, illustrated repeatedly in the Energy Edge
buildings, is the importance of construction quality
control and proper t'commissioning" and operation
of mechanical systems..

The rest of this report presents our preliminary
findings from analyzing the Energy Edge technical
data available through early 1990. A separate report
(Harris et al., 1990) provides additional information
on the Energy Edge buildings, including the four
"Pbase 1tl buildings examined in detaiL

LE*BUILDING PERFORMANCE

A primary goal of the Energy Edge program is to
demonstrate that new buildings can be designed and
built, cost-effectively, to use no more than 70% of
the energy specified the Model Conservation
Standards (MCS).. Our analysis uses two comple
mentary approaches: (1) comparing energy use of
the Energy Edge buildings with groups of "similar"
commercial buildings designed to meet the MCS
code requirements; and (2) comparing the actual
performance of each building, individually, with
a computer simulation of how that building would
have performed if constructed to just meet--rather
than exceed--the MCS standarde This second



approach uses detailed monitored data to "tune" the
computer model to actual operating conditions,
calibrating each end-use energy prediction to
recorded values. The first approach can be
undertaken with only whole-building energy
consumption, readily available from billing data,
although more careful inter-building comparisons
can be made where end-use data and other building
characteristics are known. At present, the limited
availability of on-site monitored data for many of
the Energy Edge buildings has led us to focus on
the first approach, although results from a pilot
study for one building, using a tuned computer
model, are also presented.

Comparison Hujild.:iln2S and Ke:l!IOJnal Trends

Figure 1 compares annual billing data for the 12
Energy Edge office buildings with annual energy use
for other actual or hypothetical office buildings in
the Pacific Northwest The comparisons are
expressed as Energy Use Indices (EUls), in kilowatt
hours per square foot (kWh/sq..ft-yr) .. The average
predicted EUI for the twelve Energy Edge office
buildings was 15.9 kWh/sq..ft-yr for the base (MCS)
design and 11..0 for the buildings with
efficiency measures included.. Billing data for these
buildings showed actual EUls averaging
12..7 kWh/sq.ft-yr. Once again, we should note that
the data do not yet account for differences,
unrelated to measure performance, between the
design-stage predictions and the actual building.
Future analyses, with more detailed data, win
explore factors such as weather, operating schedules
and setpoints, and miscellaneous loads, that should

to better characterize the energy-saving impact
of specific measures..

For 1 also shows EDI estimates
the Northwest Power Planning Council for

prototypes of newly constructed office buildings
(based on computer modeling results, not measured
data) .. These EUls range from 21 kWh/s for
the ftbaseline ft current (prior to MCS) to
17 for a new office building that
conforms with MCS. The Council also cites a small

of buildings 14) for

which the measured EUIs averaged 19 kWh/sq..ft-yr
(Council 1986). Thus, the estimated EUI for the
base (MCS) design of the Energy Edge offices is
slightly lower than the uncil's predicted value for
new buildings that conform with the regional
standards.In another study of six new, large office
buildings in the Seattle area, the predicted mean
EDI was 11.7 kWh/sq.ft..yr (slightly higher than the
predicted value for the Energy Edge office build
ings) but the actual EUls for these buildings
averaged around 20 kWh/sq.ft-yr (Momentum
Engineering 1988)" This doubling of the predicted
EUI was due in large part to more intensive
building occupancy, longer hours of operation, and
increased equipment loads compared with assump
tions in the original model. We should also note
that these buildings are an order of magnitude
larger than the Energy Edge office buildings for
which we currently have billing data.

Also shown for comparison in Figure 1 is a recent
survey of the commercial building stock in the
Pacific Northwest (not limited to new construction).
The average EDI for the 14 office buildings studied
was 19 kWh/sq.ft...yr, with smaller offices using only
about 13 Associates 1988).

Predictions VS~ Data

While we ultimately plan a detailed analysis using
hourly, sub-metered data, some interesting initial
comparisons can be made for the 26 Energy Edge
buildings for which we have whole-building (utility
bill) data. Figures 2 and 3 show the predicted vs.
actual (utility-billed) annual energy use for each
building, normalized by floor area. Figure 2 includes
small and medium-sized offices; Figure 3 shows the
other building types in Energy Edge (note the
different scale in Figures 2 and 3).

Actual energy use (billing data) for eight of the 26
buildings was within ± 15% of the predicted annual
predictions for six buildings, and more than 15%
high for 12 buildings.. When we calculate the ratio
of billed energy use to design-predicted energy use,
the median value for these 26 buildings is 1.11, i.e.,
the typical building used 11 percent more energy
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than originally predicted, at the design stagee1 The
mean value of these ratios was 1.23, but because
there are a few outliers (see Figures 2 and 3) we
prefer to use the median.

Once again, when interpreting these numbers it
must be kept in mind that the actual Energy Edge
buildings, as built and may differ

from the specifications used for the

1 Note that the values given here, for both Energy Edge billing data
and baseline estimates, include the buildings' total consumption,
including end-uses such as plug loads, cooking, and refrigeration
that are not covered by the MCS requirements, nor used in
calculating the 70% target levels at the building design stage. In
buildings where some end uses are served by naturalgas (or in one
case, steam) rather than electricity, the values in Figures 2 and 3
for both predictions and billed energy use include all fuel types,
except where noted

initial computer modeling at the design stage. First,
the energy-saving measures actually installed--as well
as other important building features--were changed
in several instances between the design stage and
final construction. Some of the buildings in Figure 2
were only partly occupied during the billing periods
shown. And third, actual weather conditions,
operating hours, and miscellaneous equipment loads
all may differ from the standard assumptions used in
the design-stage modeling. Efforts will be made to
account for all of these factors, as the required
monitoring data and simulation model outputs
become available.

The pilot study of one building (see below) showed
that preliminary values such as those in Figures 2
and 3 may change significantly, or be fe-interpreted,
on the basis of site-monitored data and the
completed tuned-model analysis. For the pilot study
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2. Predicted vs Actual Energy Use for the Energy Edge Office Buildings for Which Billed and
Design-Estimated Data Are Available

estimated whole-building energy savings
changed a little between the design-stage
prediction and the tuned-model results, but there
were major differences in the estimates of energy
consumption end-use and of estimated energy
savings by measure.

Although it is very important to track building
performance over a multiyear period, this has rarely
been done in previous field demonstration projects.
The value of long-term tracking is illustrated by
utility billing records for 20 of the buildings,
which span periods of 18...30 months$ 1tends in

average energy use, cumulated for the
12-months-to-date (to account roughly for seasonal

fluctuations), show that nine of the buildings have
had steadily increasing use, nine have stayed roughly
constant, and 2 have declined. Figure 4 shows one
example; for this Energy Edge building the rising
energy consumption trend was unrelated to a change
from partial to full occupancy, and needs to be
investigated further. Is it due, in this case, to
increased office equipment loads, longer hours of
use, degrading performance of energy systems, or
some other factor? More detailed analysis of
monitored end-use data, focusing in particular on
changes in office equipment and other receptacle
loads (and corrected for occupancy and weather)
will be available in the future for each Energy Edge
building. These detailed, longitudinal data may help
to explain multiyear trends, and perhaps to pinpoint

Commercial Data, Design, and Technologies 3.81



Marsing
High School

Edgerton
School

~~O'Ryan

Industries

Evergreen
Plaza

Rogers~..,.....,....,
Honda

*AiverPark
Living Center

!I-"--"'Ol....l..1h...........

Boardwalk~~~~~__~~!"""I
Building

~Tieton Drive ~~~~~~~~~
Cony. Center

~ Skippers
Restaurant

Electric
rzlJ Dselgn Prediction
rz::J Billing Data

Gas
ISS) Deafgn Prediction
lS:J Billing Data

school

school

light
industry

motel

retail

car
dealer

nursing
home

restaurant

grocery

grocery

fast food

fast food

fast food

o 20 40 60 80 100 120 140 160 180 200 220

Energy Use Intensity (kWh/ft2year)
'* predicted gas use not shown (see text)

** additional uses/area included in billing data (see text)

39 Predicted vs Actual Energy Use for the Energy Edge Non-Office Buildings for Which Billed and
Design-Estimated Data Are Available

some of the factors long-term energy
performance of individual measures..

Th summarize our based on
WficDle-OUlIIQlni! data:

1~ The predicted EUls for the base (MCS) design
of Energy Edge office buildings were slightly
lower than other predictions for offices designed
to meet MCS standardsa

2$ On average, actual use for the Energy Edge office
buildings--based on unadjusted whole-building

bill data-...is lower than the EUIs for other
new office buildings in the regions

3" Individually, whole-building energy use for about
half of the buildings was more than 15% above
predictions made at the design stage; the median
ratio of billed consumption to predicted energy
use was 1,,11.. These results, based on unadjusted
billing data, would suggest savings closer to 20%
than to the targeted 30% of base use" However,
more detailed monitored data, plus results of the
"tuned" computer models comparing the actual
building with an MCS base-case design, may
produce different estimates of savings attributed
to the Energy Edge measures..



Months (1987-1989)

4. Daily Average Energy Use for a Medium-Sized Office Building, Showing Trends in Monthly Billing and
a Moving Average for the Previous 12 Months

45 There is evidence (e.g.., the Seattle study cited
above) that other commercial buildings also use
more energy than predicted at the design stage,
often for reasons unrelated to performance of
energy-saving measuress

these reflect analysis of the
data now and should not be viewed as
definitive results.

OF
EBUILDINGS

ur of the twenty-eight buildings were selected for
more detailed analysis, on the basis of at least
one of monitored data available as of late 1989:

e (Dubal Beck) is a medium-sized office
OUllCUIU! with increased wall and roof insulation,
lOVJr...el1n1S~;lvj.1tv (low-e) windows, an entry vesti

and efficient lighting and. controls.. On an
UJl.UdlUQU,'ll whole-building basis, it used 36% more
energy than originally predicted" However, results

from the tuned computer simulation model, cali
brated to monitored energy use showed that both
the MCS base design and the Energy Edge
building used about 20% more energy than
originally predicted (see the pilot study discussion
below, and Figures 5 and 6). While the revised
estimate of aggregate energy savings for all
measures in this building is close to that
originally predicted, the components of these
savings, by measure and by end-use, have shifted
significantly..

@ Building B (Caddis McFaddin) is a small office
building, with increased insulation and vapor
barrier, an air-to-air heat exchanger, high
efficiency heat pump, and efficient lighting"
It consumed 8% less energy than predicted,
during an initial occupancy period prior to a
change in tenant No end-use predictions were
available for comparison with the monitored
end-use data, in order to determine where the
reductions occurred.. Costs of the measures in
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this building were also significantly lower than
originallyestimatecL

• Building C (Siskiyou Clinic) is a small medical
office building with high-efficiency heat pumps,
economizers, efficient lighting and controls, and
added insulation.. It used 6% less energy than
predicted.. Lighting was a smaller percentage of
the total than predicted, with increased I-IVAC
energy making most of the difference.. All
measures were reported as performing satisfactor
ily, with the exception of occupancy sensors in
the examination rooms that are sometimes
triggered by people in the hallway outside the
rooms..

@ Building D (Edgerton School) is a primary
school, with efficient lighting, low-e windows,
increased insulation, and earth berming. Based on
the billing data, it used 3% more energy than
predicted& However, monitored data from the
building service-entrance circuit showed slightly
less energy use than predicted (this discrepancy

may be due to measurement· error or/and
significant losses from on-site transformers).
Interviews with teachers and staff at the school
indicate a great deal of satisfaction with the
quality of the lighting and thermal environments,
including the degree of occupant control..

ANALYSIS OF THE PILOT STUDY

The pilot study of Building A produced "tuned"
model estimates of energy savings, by measure (see
Kaplan 1990, for a full discussion on the use of
monitored data for tuning simulation models). Thtal
estimated savings for the building, based on the
tuned model, were within 10 percent of savings
predicted at the design. stage--but only if one
assumes that the vestibule reduced infiltration
significantly.. There were major differences between
the results of the original, ~,~~!g!!:~!~g~J:!!Q4~lJI.lg

and the final, ttlned:m.Qdel in terms of both the
absolute magnitude of energy use for the base-case
and the Energy Edge building (Figure 5), and the
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share of total savings attributed to individual
measures (Figure 6)~

Figure 5 shows a breakdown of annual energy use
(k /sq.ft-yr..), by end use, for: the two design-stage
predictions (base case and Energy Edge building),
two revised edictions using the tuned model (base
and Energy Edge), and actual site-monitored data..
The close agreement between the final two bars in
each group is unsurprising; that was the objective of
the mOdel-tuning process.. This close agreement does
confirm that a building model
can be calibrated to ~,~l?!!~!~ (on an annual
monitored data.. Figure 5 does show that, compared
to ·nal predictions, the tuned model
estimated: less savings in heating energy, no change

than an increase) in cooling energy, and
about the same savings for lighting energy.

Based. on the tuned-model calculations, the six
measures in the building produced combined
savings of 13,100 - 25,300 kWhlyear.. The
design-stage predicted savings were slightly higher,
at 27,800 kWh/year. Savings by measure are shown

in Figure 5.. This wide range of savings is due to a
single m'easure, the entry vestibule, reflecting in part
different interpretations of the scope of the measure
(i.e$' what the base case design would have been, in
the absence of a vestibule and hallway buffer zone),
and in part due to the absence of measured data on
the vestibule's actual effect on infiltration rates. This
important parameter will soon be measured, as part
of a series of one-time tests.

Due to significant changes in the estimates of
savings by measure, the final cost-effectiveness of
each measure in the pilot study building differed
from that predicted at the design stage, Considering
the, Energy Edge measures as a total package,
results from the tuned model show aggregate level
ized costs ranging from 37 to 70 mills/kWh (exclud
ing design costs of about 5%).. Once again the
vestibule, because of its large share of estimated
savings and assumed long lifetime (50 years), has a
major impact on overall cost-effectiveness of the
package of measures" Looking individually at the
measures in this building, only wall insulation and
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the vestibule (if it produced the assumed savings)
had levelized costs below 45 mills/kWh. The low-e
glass and occupancy sensors, in this application,
were estimated to have levelized costs above
100 mills/kWh41 Both costs and savings of individual
measures may vary significantly among buildings. A
future step in the analysis will be to compare these
values, for similar measures installed in more than
one Energy Edge buildings, and then to determine
which values may be most applicable to other new
commercial construction in the region.

ASSESSMENT OF THE METHODOLOGY

Use of calibrated building models is an important
tool to disaggregate whole-building performance, to
determine savings due to each measure or sub
system, and to extrapolate monitored results to
other climate conditions, operating practices, or
building configurations (including, in this case, the
base case MCS design). Such modeling has its limits,
however, and is most effective when used in con
junction with one-time measurements, controlled
or "on/off" testing of measures, on-site occupant
surveys, and careful observation and logging of
operating practices.. Modeling can also play an
important role in helping to define which site
specific measurements are needed and which may be
unnecessary& The specific approach of using a tuned
model (as demonstrated in the Energy Edge pilot
study) might be refined with additional steps to
validate the tuned model with a separate subset of
data, use actual hourly values for loads and
schedules input to the model (rather than monthly
daytype-averaged values), and incorporate improved
measurements for critical parameters in each

Further discussion of the Edge
mC)nl1tor:iniZ and analysis is found in
Harris et 1990.

Once the model for a given building has been
calibrated separately validated) using
site-monitored model parameters can be

in order to estimate savings for each
measure and for various combinations.. This should
be done not only for building-specific operating
conditions schedules, setpoints, equipment and
OCC;UD;ant loads), but for typical operating conditions
for of that type in the region.. This

3.86 Diamond at al.

standardization of operating conditions is as
important for comparative analysis as is standard
ization of weather inputs to the model using
long-term average weather files"

Continuous, multi-channel monitoring of building
end-uses, equipment status, and other conditions is
only one option for data that can be used to
empirically calibrate ("tune") a building simulation
model. Experience with the Energy Edge pilot study
showed that such monitoring may not provide all
the needed data; additional one-time measurements
or controlled tests (e.g", measured infiltration rates)
may be required" Conversely, much of the data
gathered over a year or more of continuous moni
toring may be of little or no help in model cali
bration. Some of the monitored Energy Edge data,
for example, show trivial loads for the water heating
end use, or essentially no variation over the year in
well-scheduled loads such as outdoor lighting. Such
lessons about what is important to monitor continu
ously, and how controlled tests or short-term
measurements can complement continuous monitor
ing, will provide useful guidance for future projects.

KEY ISSUES AND WORKING
HYPOTHESES

In previous sections we discussed initial findings on
whole-building performance and on the value and
limits of tuned simulation models. In addition, a
number of issues have been identified that will be
the subject of continuing analysis" At present, these
are stated as "working hypotheses":

,",-"".u,''''-''''''''''''''" Control and nHIlildini! l.:o:mDljs~do]1i11e"

Buildings and measures often don't perform as wen
in practice as expected at the design stage. Quality
control during construction and post-construction
commissioning are essential steps--beyond the
design stage--to assure effective, sustained per
formance" We have recommended that commission
ing procedures be tested at some, if not all, of the
Energy Edge sites, and the resultant added costs and
changes in energy performance carefully docu
mented$ Steps are now underway to develop and
pilot-test commissioning procedures at several
of the Energy Edge sites, with similar efforts



getting underway as part of utility programs for new
commercial construction in other parts of the
country~

Broader View of ItEnergy...Saving Measures"

Building energy performance is often influenced by
many factors other than the set of specific, energy
saving measures.. Some of these factors are treated
in current building codes; others may be incorpor
ated in future code refinements. Still other features
may be difficult to influence through design-based
building standards. Several Energy Edge buildings
offer examples of additional energy-saving
opportunities, beyond the specific measures identi
fied with the program.. Many of these involve
improved operation and maintenance practices, such
as better control of miscellaneous receptacle loads
during unoccupied night and weekend hours, correc
tion of improper equipment settings (economizer
setpoints too low, distribution system fans operated
intermittently during the day but left "onit at night,
etc..), and failure to control the simultaneous use of
equipment to avoid large peak demand charges on
electric bills. A point of interest: some of these
additional measures may represent strategic oppor
tunities to test both hardware measures and
improved operations, on a retrofit basis, using the
instrumentation already in place in the Energy Edge
buildingse

Iml~ro~ved. Cost Data and Analysis

The cost analysis for measures in the Energy Edge
buildings was hampered in some cases by inadequate
documentation of both the originally predicted and
the actual, as-built costs. There were also
institutional pressures, stemming from the ~design

and management of the program, that may have
affected cost estimates and decisions on how to
allocate "overhead" costs like design, modeling, and
reportinge Other issues in estimating costs included
the definition of "base case" conditions, the
widespread variations in measure costs at the time
the buildings were built, and treatment of
subsequent changes in cost for many of the
measures.. All of these point to the need for an
added step, not anticipated in the original
cost-effectiveness methodology: an analysis of
"standard costs" for each major energy-saving

measuree Such a standard cost would generalize
from specific experience in the Energy Edge build
ings, to reflect the estimated cost (or range of costs)
that might be typical ofnew buildings constructed in
the region for the next few years. This additional
step is now under way, and win be incorporated in
future analyses of cost-effectiveness for the Energy
Edge buildingse Similarly, a standard set of assump
tions concerning measure lifetimes and operation
and-maintenance (O&M) costs is important for
consistent and reliable cost-effectiveness analysis,
and for comparing the Energy Edge results with
those from other studiesD Ideally, of course,
conservation measure lifetimes would be based
empirically on long-term performance tracking,
rather than on some average of practitioners'
opinions..

Long..,term Tracking

1b understand conservation performance and cost
effectiveness it is essential to have more than a 1 or
2 year snapshot immediately after a building's
construction (or retrofit). Longer-term tracking is
needed, for both system performance and O&M
costs, especially for measures whose cost
effectiveness rests on an assumed lifetime of more
than a few years.

Feedback to Designers and Building Operators

In some cases, timely feedback to building designers
on discrepancies between predicted and actual
energy performance can influence future assump
tions during the design stage, and thus improve the
accuracy of design calculations and modeling.
Similarly, the availability ofcredible, understandable
data on the performance of real buildings with
energy-saving features can help reduced the
perceived risk of continued investments in energy
conservatione

Selective Data Collection and Analysis

A conventional approach to building performance
monitoring involves installation of special-purpose
sensors and data loggers, to collect end-use data
(along with equipment status, flows, ambient
conditions, etc.) on a continuous basis for at least a
year~ For the Energy Edge program, this continuous
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on-site monitoring was supplemented by using the
monitored data to calibrate a detailed building
simulation model. Since both of these activities are
costly and time-intensive, it will be useful to
examine, in light of the final results, how much each
increment of effort and detail actually contributed
to improving the initial performance predictions..
The Energy Edge buildings, now thoroughly
instrumented, may offer special opportunities to test
new approaches to simplified, short-term diagnostic
measurements, to see if they produce results that
can be reliably extrapolated to longer-term
performance..

Opportunities for Further Cost Reductions

In the past, energy conservation programs have
often focused primarily on achieving maximum
energy savings, with cost-reduction viewed as a
constraint or a secondary consideration.. As both
utilities and public agencies begin turning to "energy
conservation resources" to meet growing demand, it
is time to give equally serious attention to ways of
achieving a given level of performance at minimum
cost Among the Energy Edge buildings, costs to
achieve the same 30% savings target varied widely,
from about $1...2/ft2 as much as $10/ft2 (as estimated
at the design stage)" Of course, specific features of
energy-saving measures are expected to vary some
what among buildings, and these numbers do not
necessarily reflect consistent treatment of design
costs and other "unallocated" expenses" StHI, this
wide a range of costs bears closer examination, for
what it says both about optimal selection of
measures and how they were imple-
mented in the different Edge buildings.

Better Definition of "End...use Services tf

For some end-uses and building reli-
able comparisons cannot be made
without specifying the level of services
delivered" Performance of systems, for
eX2lml,le'l cannot be assessed purely in terms of the
installed power density (watts per square

or the annual kWh of energy used--without
also what and quality of lighting
is delivered to serve the activities and occupants in
that In many cases, these final services

3..88 Diamond et al..

from energy are poorly defined; improved quan
tification will be increasingly important, as designers
and code-writers seek each new increment of energy
efficiency..

FUTUREWO

Future analyses of Energy Edge building perform
ance and program impacts will include examination
of the monitored end-use data, "tuned" modeling of
the remaining buildings, and use of refined cost data
(including "standard" cost estimates) to evaluate the
cost-effectiveness of each measure. We will compare
results from the tuned models with design pre
dictions, and attempt to account for differences on
the basis of changed input assumptions, model
accuracy, and other factors. We will give increased
attention to assessing the net impact of the program
on both savings and costs, and to translating the
lessons learned from Ene Edge into implications
for future programs.

Specifically, the Energy Edge analysis provides an
empirical foundation for "Energy Smart," the
next-generation design assistance program for new
commercial construction in the region. Energy Edge
results will also help to guide other long-term
conselVation programs currently being designed by
the Bonneville Power Authority and others. The
present research will help policy makers to set
incentive levels for future programs, and con
tribute to a data base for estimating commercial
supply curves and electricity load forecasts .. Finally,
by documenting the actual performance of the 28
Energy Edge buildings for the architectural and
engineering community, the program hopes to move
ttcommon practice" in the region towards more
energy-efficient design..
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