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Prescriptive path design assistance with fixed format strategy sets were developed and tested on 21 small
commercial buildings. Two primary goals of the field test were to keep utility program costs (excluding
rebates) at less than 20% of the total resource cost, and to deliver recommendations to builder/developers
in ten days or less.

The following findings were derived from the field test. First, use of prescriptive packages of EEM’s
reduced utility program costs as compared to full design assistance. On average, program costs were 22%
of the resource cost, slightly above the desired goal. Second, delivery times were reduced as cormpared to
full design assistance. On average, delivery times ranged from 12 to 15 days, depending upon the need
for trade-off calculations.

Based upon the experience gained during the field test, a more flexible menu format is recommended
rather than using fixed format strategy set packages. This will eliminate the time consuming task of doing

trade-off analysis calculations.

Introduction

Utility-sponsored new commercial construction programs
strive to provide cost-effective energy efficiency
recommendations for all commercial buildings. Detailed
engineering studies for larger buildings have generally
been cost effective. However, for small buildings, engi-
neering studies become prohibitively expensive for the
energy savings achieved. This study explores the cost and
time constraints of engineering studies, describes
Prescriptive Path design assistance, and reviews the
findings for the first 21 participants in a new program for
small corumercial buildings.

Program Delivery Costs

A simple rule of thumb often used by utilities is to
manage utility program costs — excluding customer incen-
tives -- to be less than 20% of the total resource cost of
energy efficiency measures (EEMs). This goal is easily
achieved for large commercial construction programs, but
is a challenging target for small commercial buildings.

Higure 1 depicts typical utility costs for a new commercial
construction program offering detailed engineering studies
for three different sized facilities: 6,500 square feet;
25,000 square feet; and 100,000 square feet. For the
6,500 square foot facility, utility program costs are about

28 percent of total resource costs. This contrasts to a
utility program cost of 14% for 25,000 square foot facility
and only 7% for the 100,000 square foot facility.

This high utility program cost for small buildings is
important because of the size of the small commercial
construction market. Buildings smaller than 50,000 square
feet comprise 95% of the number of commercial buildings
but only 55% of total commercial square footage (Hirst,
Geller, Clinton and Kroner 1986). These smaller facilities
have a median size of between 5,000 and 6,000 square
feet. Thus, most new commercial buildings in a utility’s
service territory are not effectively reached through
energy efficiency programs offering detailed engineering
studies.

Timeliness of Design
Recommendations

Providing timely recommendations to owners/developers
is another imporiant consideration in new commercial
construction programs. The time available to influence
EEMs in commercial buildings varies with the building
size. Planning for large commercial buildings occurs over
a period of months (or years). Utility staff are usually
aware of these larger projects early in the design process.
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Figure 1. Typical Project Costs for Customized Design Assistance

The time period required to complete detailed engineering
studies generally does not delay comstruction.

For small commercial construction, however, quick
delivery time is a very important consideration for
owner/developers. Typically, utilify staff are not aware of
small construction projects until just before ground
breaking. The window of opportunity to influence design
decisions and product choice for small corumercial build-
ings can be as short as a few weeks. The time required to
complete detailed engineering studies causes unacceptable
project delays that lead to non-participation in the utility
program.

For small comumercial construction, a timely and cost-
effective approach for offering desigy assistance is needed.
In an effort to respond to these needs, Prescriptive Path
strategy sets were developed by Bonneville Power
Administration (BPA 1990). This approach was intended
to be a quicker and cheaper alternative for providing
design assistance.

Prescriptive Solutions for Small
ommercial Construction

Bonneville Power Administration developed Prescriptive
Path strategy sets to overcome cost and time barriers for
the small commercial construction market. Each strategy
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set recommends specific EEMs by building type to
achieve electric energy savings totalling at least 10%
beyond regional energy code. To allow customer choice,
several different strategy sets were developed for each
prototype building. Bonneville created prescriptive path
strategy sets based on detailed engineering studies of
several prototype buildings in four states. The energy
savings results presented in this paper are limited to small
commercial buildings located in Western Oregon.

The DOE 2.1D compuier simulation model was used to
construct prescriptive strategy sets for the following small
commercial facilities:

(1) Office Buildings

(2) Retail

(3) Restaurants - Fast Food
(4) Restaurants - Full Service
(5) Shops & Warehouses

(6) Churches

(7) Theaters

(8) Motels

Prescriptive Path strategy sets are designed for use with
most commercial construction under 12,000 square feet.
Buildings over 12,000 square feet may participate in the
program on & case-by-case basis. Incremental construction
costs and epergy savings for each strategy set are cal-
culated per square foot. These unit savings and costs are



then used to estimate the total costs and energy savings for
various-sized small commercial buildings.

Prescriptive Paths also apply to building designs that
comprise a combination of building types. For example, if
a building contained both office and warehouse spaces, the
office strategy sets would be applied to that portion of the
building that contained office space. The warehouse
strategy sets would be used for the warehouse space.

A building cannot use the Prescriptive Path approach if
more than one "special feature” is included in the facility.
Special features include interior thermal mass, daylighting,
water loop heat pumps, and active thermal storage
systerns. If the building does not meet the prescriptive
path criteria, it is referred to BPA’s Energy Smart Design
program where a bin model or an hourly simulation
method is recommended, depending on the "special fea-
tures" present in that facility.

Table 1 depicts the cost advantages of using Prescriptive
Path strategy sets for the small commercial construction
market. This table contrasts the costs for providing design
assistance for a 6,500 square foot commercial office
building. These costs are representative of the results
found in a spopsoring utility’s new commercial construc-
tion program. Notice that Prescriptive Path strategy sets
still have some cost for design assistance. This budget is
used to evaluate construction plans and to recommend a
specific strategy set for a small commercial building. No
computer simulations are required for this approach.

Inspection

Program Overhead

Ut;htmegram
of Total Resou

Utility program costs are approximately 28% of installed
EEM costs for the customized design assistance study.
Recommendations based on Prescriptive Path strategy sets
are expected to cost only 11% of installed equipment
costs. Thus, Prescriptive Path strategy sets are a much
more cost effective solution for estimating savings in
small commercial construction.

Two Oregon utilities sponsored a study to revise BPA’s
Prescriptive Path strategy sets. This was done for the
following reascns:

(1) to modify the strategy sets developed by Bomneville
Power Administration to recognize the real interest rafes
and avoided costs of the investor-owned utilities.!

(2) to add strategy sets for different heating systems and
fuel types. Electric heat pumps, electric resistance, and
natural gas systems were evaluated.

(3) to adjust equipment costs and climate data assumptions
for the Western Region of Oregon, territory where both
utilities are located.

(4) to create additional technical information to be used
with a shared savings approach to fund equipment
investments in energy efficiency.

(5) to adjust strategy set recommendations to comply with
the requirements needed for Oregon’s Business Energy
Tax Credit (BETC) Program.
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Example Prescriptive Path
Strategy Set - Small Office

Table 2 presents a representative strategy set developed
for a 6,500 square foot prototype office building with
electric heat pumps. Two different types of strategy sets
were developed. The Energy Smart strategy sets provide
total building energy savings of approximately 10%
beyond code. The Energy Edge strategy sets offer savings
of 20% or more.

The Energy Smart strategy sets identify between 1.6 and
2.1 kWh/square foot of electric energy savings at an
estimated cost of $.48 to $.77 per square foot, respec-
tively. The Energy Edge strategy sets offer between 3.1
and 4.7 kWh/square foot of electric savings at a cost of
$.96 to $1.47 per square foot, respectively.

Strategy sets were also developed for buildings with
natural gas and with electric resistance heat. The natural
gas strategy sets required more epergy efficient lighting
systems to satisfy Oregon’s Business Energy Tax Credit
(BETC) program requirements. Under the BETC pro-
gram, overall building energy savings for all fuels must be
16% above code. Reduced internal gains from lighting
EEMs caused an increase in natural gas use that was com-
pensated for by more aggressive lighting EEMs. Based on
cost-effectiveness, a decision was made against increasing
insulation levels to achieve a similar compensating effect.
Strategy sets for natural gas identified between 3.2 and
4.3 kWh/square foot of electric energy savings at an esti-
mated cost of $.62 to $1.14 per square foot, respectively.

Strategy sets developed for electric resistance heating
identified between 2.0 and 6.4 kWh/square foot of electric
energy savings at an estimated cost of $.59 to $2.50 per
square foof, respectively.

A pilot program evaluated customer response to the
Prescriptive Path strategy sets. Results are preliminary
findings from Portland General Electric’s Small Com-
mercial Construction Program. Findings from the first 21
buildings participating in this program are summarized in
Table 3.

The average small building participating in this program is
approximately 6,600 square feet. The size range of build-
ings included in this test was 2,000 square feet to 14,062
square feet. Approximately three-fourths of the buildings
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are heated by natural gas, most of the remaining facilities
use heat pumps. The average building saved over 18,500
kWh or 2.8 kWh per square foot.

The most prevalent type of building included in the pilot
program was offices. Eighty-six percent of facilities had at
least a portion of the facility that contained offices.
Surprisingly, forty-three percent were combination use
building types. The most typical combination was office
space with a shop.

On average, electric energy savings of twenty-one percent
were identified in the buildings. The largest portion of the
savings, about fifteen percent, was from lighting
improvements. Approximately five percent of savings
were achieved from HV AC-related improvements, such as
economizers and HVAC controls. Only about 1% of elec-
tric energy savings were achieved from envelope improve-
ments. This is attributed to the Iarge number of buildings
heated with natural gas, In gas-heated facilities, about 2
12% reduction in total BTU’s was achieved from both
electricity and gas.

EEM Trade-Of Procedures

This pilot program identified early a need for trade-off
procedures to provide owner/developers more flexibility
in the selection of EEMs. A trade-off involves the
exchange of one EEM included in a strategy set with
another EEM with equivalent energy savings. Eighty-six
percent of all buildings participating in this utility program
required some form of trade-off analysis. Over one-half of
the trade-offs involved lighting systems. Most of the
remaining trade-offs involved the building envelope.

A variety of trade-off analyses were conducted for these
buildings using either hand calculations or simple
spreadsheet models. These include trade-offs between
building envelope components, between interior and
exterior lighting, and between HVAC energy efficiency
measures. For example, a common lighting trade-off was
a lower lighting power density in place of occupancy
sensors as listed in the strategy set. A frequent envelope
trade-off required higher R-value wall or ceiling insulation
to compensate for a large window/door area.

The goal of this pilot program was to keep administrative
costs under twenty percent of total resource costs. Trade-
off analysis significantly increased utility program costs.
On average, program costs were about 22%, above the
desired goal.
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Another undesirable side effect of the trade-off calcula-
tions is the time required to provide prescriptive recom-
mendations to customers. Though data is limited, it
appears that projects that did not require trade-off analysis
required about 12.3 days to provide design recommenda-
tions to customers. Those projects that did require trade-
off analysis required about 14.5 days, or about 2.2 days
longer. In general, a goal of 10 days (or less) is
advocated.

Fifty-seven percent of the first 21 buildings participating
in the pilot agreed to install the recommended measures.
An estimated 246,098 kWh annually was saved in these
buildings. In 1991, including all program management and
overhead expenses, the total resource cost and the utility
program cost -- with rebates -- for this pilot were approxi-
mately 47 and 31 mills/kWh, respectively. This includes
the costs for buildings not agreeing to participate in the
program. The utility program cost was significantly higher
than the 15 mills/kWh budgeted.

Conclusions

Compared to customized design assistance, prescriptive
packages of EEMSs reduced utility program costs from an
estimated 28% to 22% of total resource cost. The delivery
time was also significantly reduced, from 30-45 days to
14.5 days on average. However, the goals of a utility
program cost (excluding incentives) of less than 20% of
total resource costs and a 10 day delivery time have not
been achieved in the first 21 buildings in the pilot.
Further, the reguired ftrade-off analysis proved
burdensorme.

The pilot program found it difficult to utilize prepackaged
strategy sets that require specific EEMs to be preseat in
each building’s energy systern (e.g., lighting, HYAC, and
envelope). Ultimately, every facility and decision maker is
unique and different. Many decision makers will refuse to
consider certain fechnologies for their facility. When this
occurs, the building can not meet the package guidelines,
resulting in non-participation. Similar difficulities have
been reported with the fixed strategy set approach now
being offered by Bonneville Power Administration.

Building owners and developers must be offered flexibility
of choice. A prescriptive program using the "menu for-
mat" responds to this need. Table 4 depicts an example
menu format. The menu allows a variety of EEM "pack-
ages” to be assembled by the owner and the design team.
The menu format summarizes energy savings in kWh/

square foot and percent. Any interactive savings are
factored intc the numbers. This approach is simple in
format and provides owners/developers with a choice. The
owner/developer simply checks off the set of EEMs they
want to install in their facilities. The menu format is
designed to allow easy calculation of total energy saving,
total additional costs, and total percent energy savings. A
summary form is used to calculate amy utility rebates
being provided to the customer.

While this menu format has not been field tested by the
sponsoring utilities, it may reduce the accuracy of energy
savings and cost estimates. However, it is anticipated to
increase customer choice and participation rates while
reducing program delivery costs.

The need for flexibility has been reflected in other
prescriptive programs - Design 2000 (New England Power
Service Company); Title 24 Plus (San Diego Gas and
Electric Company); and Design Awards Point System
(Northern States Power Company - Wisconsin). Each one
of these programs offers a product or performance based
incentive payment in the form of a rebate.

Endnote

1. The real interest rate used in this study was 5.22%.
The avoided cost includes deferred generation,
transmission, and distribution costs. Real levelized
avoided costs of $.047, $.050, $.051 and $.054/kWh
were used for equipment measure lives of 10, 15, 20
and 30 years, respectively.
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