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ABSTRACT

Successfully retrofitting aging K-12 schools using energy
conservation measures (ECM) that can improve the physical plant and reduce
energy consumption are explored. Topics explore how certain ECM measures can
benefit educational facilities, why retrofitting begun sooner rather than
later is important, how to finance the retrofit program, and the phases
retrofit programs have in common. Contracting strategies for school districts
that choose not to use Energy Savings Companies (companies providing design,
construction, and financing with a guaranteed construction cost and energy
savings component) are also examined, as well as the pros and cons of both
strategies. (GR)
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IFOR ACIf G K-12 SCHOOLS
There are few opportunities to save money and

improve facilities at the same time. Yet
successful energy programs do just that. An
energy retrofit program may be a rare
opportunity for school districts whose facilities
have older and less efficient heating, ventilating

and air conditioning (HVAC) systems;
lighting; or building enclosure systems.

Upgrading lamps and ballasts give better

°

Contents:
Is there an opportunity?, 2
Lighting ECMs
Heating, ventilating and air conditioning ECMs
Thermal enclosure ECMs
Optimizing the opportunity, 4
Low interest
Deregulation
Mixing short-term and long-term projects
The Financing the program, 5
Energy Savings Company (ESCO)
Self-funding
The process, 7

Feasibility and financial analysis
Detailed engineering and contract documents
Implementation
Contracting strategies, 9
Traditional design /bid /construct
Engineering and construction management
3D/I qualifications, 11
National organization
Schools
Services

lighting. Upgrading HVAC control systems
helps maintain a more constant temperature.

New walls or roofs improve esthetics and
prevent air leakage. All of these will save
money and provide a better learning
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environment.

Each of the Energy Conservation Measures,
called ECMs, improves the physical plant and
reduces energy consumption. The money saved
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can be directed back to make further
improvements in facilities or programs.
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Is THERE AN OPPORTUNITY?
......................................................................
The first question is whether or not facilities will benefit from energy retrofit. Here are some broad guidelines for Energy Conservation Measures
in lighting, HVAC and thermal enclosures:

Lighting ECMs Chances are that up to 50 percent of lighting energy can
be saved if lighting was installed during the 1970s or earlier.
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In 1968 it took approximately 2.4 watts/s.f. to produce 50 footcandles of
light at desk level. Today that same light level can be produced with 1.1
watts/s.f. At six cents per kWH, it's possible to pay for improved lighting
in three to four years.
d
to

Energy Cost ($/kWH)

0 Larrp/Ballast Retrofit
Only

Many older schools need to expand electrical distribution capacity to accommodate increased technology equipment and advanced instructional
aids. Normally, lighting retrofit energy savings reflect a 20 percent reduction in overall energy dollars spent. This represents a substantial amount of
buying power for upgrading facilities or expanding curriculum. This 20 percent reduction in energy use also correlates to 20 percent recaptured capac-

Retrofit/Upgrade
Combination

ity in the school's electrical distribution equipment and cabling systems
capacity which can be efficiently and economically put to use. Lighting retrofits may be the best way for gaining that capacity providing a dual reward
from both energysavings and distribution flexibility.

Present
Spare

Recaptured
Capacity

20%

Lighting

20%

5%
M isc.

Loads
5%
Recept.
10%

HVAC

40%

Through lighting retrofit, 20% of the
building's existing electrical
distribution capacity can be made
available for powering new
technology or advanced instructional
aids

Heating, ventilating and air conditioning ECMs Newer heating, ventilating and air conditioning (HVAC) systems cost less to operate. Compressors and heat exchangers are more efficient. Their related control systems
have become more sophisticated and make it possible to balance room temperatures more evenly, saving money and providing more comfort.
The viability of retrofit programs for HVAC equipment is directly dependent upon the age of the equipment. Increased equipment efficiency ratings and their ability to save energy makes equipment near the end of its
expected a good target for energy programs. Three factors affect HVAC
upgrades as viable ECMs:
How long will it be before equipment is scheduled for replacement under the district's maintenance plan?
2. What are the efficiency ratings of existing units?
3. What is the availability of parts for appropriate preventative or operational maintenance?
1.
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Although replacement of HVAC systems under an energy retrofit program may not have the most economical payback periods, the availability
to future budgeted funds or budget savings from reduced maintenance expenses could make an upgrade financially attractive.

Thermal enclosure ECMs The walls and roofs that enclose space are referred to as the thermal enclosure. They all radiate and transfer heat and
they leak air.

3.5%
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They may also have a substantial effect on comfort. A child sitting next to
a cold pane of glass will radiate heat to that glass and be uncomfortable no
matter what the ambient room air temperature is.
Insulation, reflective coatings for glass, and sealants (caulking) have steadily

improved over the last three decades. The relative cost of double glazing
has dropped. Window and door frames are tighter. Better insulation, air
tight construction, better caulking, reflective glass and double glazing save
energy and increase comfort levels.
An existing structure may be a candidate for thermal envelope energy savings if:

the roof, wall or glazing U-Values are greater than or equal to 0.06
the glazing shading coefficient is greater than or equal to 0.90

If school administrators believe that benefits from ECMs may exist, the
next step is to call in an engineer who understands energy retrofit programs. An engineer can quickly model. for energy and maintenance life cycle

savings and give an educated opinion on the probability and magnitude of
retrofit benefits.
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OPTIMIZING THE OPPORTUNITY
Low interest There are good reasons to begin a retrofit program sooner
rather than later. As of this writing, interest rates are historically low. If
they go up, potential savings will be lost. The graph below shows the substantial capital lost if programs do not take advantage of these low rates.
The program modeled assumes payment on a five-year lease for a $500,000
retrofit project with a four percent APR. Each increase of one percent resulted in the total interest payment on the lease increasing by 26 percent, a
value of approximately $56,000 if rates increase from four to eight percent.
This equates to considerable lost opportunities.

Deregulation The electrical utility industry is being deregulated. Historically, deregulation has lowered costs. Most economists predict that energy
costs will drop during the next decade. Simple mathematics shows, if energy costs drop by 33 percent due to deregulation, pay-back periods will be
three times longer. Of course, school districts will be delighted with lower
energy costs but energy retrofit savings will be reduced and retrofit programs will not be as financially attractive. Acting today allows for funds
within present budget allocations to provide additional physical plant and
operational benefit immediately.
Administrators of existing retrofit programs will have to act to assure that
operational savings caused by deregulation are appropriately reallocated.
Programs with long payback periods could quickly become financial failures if planned for funds are not made available.
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Mixing short -term and long-term projects Retrofit programs are not only
a matter of engineering and economics. A retrofit program allows districts
to improve some facilities for functional rather than economic reasons.
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Above is a graph of the amount of dollars
required to payback a $500,000, 5 year
lease program at varying annual interest
rates

Administrators can mix upgrades with both long-term and short-term
payback periodsor with improvements that have no payback at all. For
instance, wall and roof insulation upgrades may have a five to seven year
payback, but when implemented with required roof maintenance, the
payback may require ten years.

Particularly when HVAC system ECMs are considered, engineering can
become more art than science. The way people use facilities make heating
and air-conditioning performance hard to predict. One example is control
system upgrades. The way people use the controls will affect energy consumption. And although energy savings may be difficult to calculate, the
opportunity for district-wide standardization, flexibility and maintenance
knowledge would provide long-term economies.
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FINANCING THE PROGRAM
After school administrators determine that their districts would likely
benefit from energy retrofit, they have to decide how to finance the
program. This decision will influence all the other downstream decisions.
There are two approaches that school districts take:
They contract with an Energy Savings Company (ESCO) that will
provide financing.
2. They finance the retrofit themselves. Funds may be raised through a
bond issue or through a tax exempt lease or loan with a private
agency specializing in public institutional debt. An ESCO is able to
acquire financing based on the energy savings it can achieve. A school
district can do the same. (See our essay on lease/purchase of schools.)
1.

Energy Savings Company (ESCO) An ESCO company provides design,
construction and finance with a guaranteed construction cost and guaranteed energy savings. The relationship begins with the initial facility survey
and usually must include an extended equipment maintenance service contract through the pay-back period.
Pros The principal advantage of an ESCO is that the district does not
have to arrange financing and has a guaranteed financial result. However,
the potential savings to a district are less with an ESCO for several
reasons:

The ESCO approach has built-in costs that a self-funded approach
does not. In order to pay a percentage of the savings to the ESCO,
one must know what the savings are. That means that the ESCO and
the district must determine a baseline rate energy consumption cost
and then set up systems to monitor the new consumption after the
retrofit. The ESCO must also make sure that the district doesn't add
energy consuming activities not included in the baseline case. If the
district does add, or subtract, they must negotiate the difference and
adjust the baseline. An extra football game at home, anew program
that uses the auditorium, or a new computer lab may require a
negotiation. Also, the labor cost of monitoring energy usage and the
necessary equipment to do so must come out of savings.
2. The ESCO may identify and possibly insist upon incorporating
inappropriate ECMs to help attain cost savings.
3. Districts are usually able to secure lower interest rates than an ESCO.
4. An ESCO may carry insurance against losses on unachieved savings.
These costs are passed on through program fees, again increasing
costs:
1.
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5.

The ESCO will require commitment to its own extended service contract, eliminating the district's ability to take competitive pricing.

Because of these many financial disadvantages, ESCO programs are being
closely scrutinized and are becoming uncommon in the private sector.

Self-funding If a school district finances a retrofit program themselves,
they have the potential to lower the initial capital costs through greater
competition, eliminate the cost of monitoring, lower interest costs, eliminate negotiations when there is a change in facility use and maintain competition for maintenance contracts. However they must manage the effort,
or retain someone who will. And since there is no up-front guarantee, they
must retain reliable professionals to manage and engineer the program.

7
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THE PROCESS
All energy retrofit programs have distinct phases in common:
Feasibility and financial analysis
2. Detailed engineering and contract documents
3. Implementation
1.

An ESCO will have the additional phase of monitoring, maintenance and
service.

Feasibility and financial analysis The first step is to determine how much
the district can save. To do this, energy engineers divide targets of opportunity into categories. Each category has a construction cost, an energy savings and a payback period associated with it.
The engineers then survey the facilities and develop spreadsheets that identify lighting retrofit opportunities. They will likely use a database of lighting ECMs cataloging implementation costs, energy consumption, energy
savings and rebate opportunities. They will use life cycle cost analysis software, such as the Trane Company's "System Analyzer", to model ECMs

affecting building mechanical systemsfor instance, glazing and insulation upgrades or heat recovery systems.
The feasibility report summarizes the cost and the savings. Cost includes,
design, management, construction, insurance and monitoring. A financial
analysis includes the anticipated energy savings and retrofit costs with a
cash flow and return on investment calculation. Payments for lease/loan
programs are calculated and compared to an anticipated savings in energy,
maintenance, operations and utility rebates.

Detailed engineering and contract documents After confirming financial
arrangements, the energy engineer completes the design detailing. Depending upon the implementation contracting approach (ESCO or self-funding) performance or detailed construction documents and specifications
for the energy conservation measures are developed. Lighting fixture replacements are described, lamp/ballast upgrades are defined, and lense/louver replacement or cleaning is detailed. Equipment schedules are provided
with associated one-line diagrams depicting mechanical equipment or systems modifications and upgrades. Associated architectural revisions are
also detailed for all typical applications.
Implementation This is the actual construction or renovation phase of the
project. All the work described in the construction documents and specifications is. put into place.
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Scheduling is important during the construction phase of any school district retrofit project. With most construction to be completed over summer break, scheduling for restrictive access and time-frame conditions is
critical. Several school district facilities, such as the administrative and main-

tenance buildings, remain active during the summer and require work to
occur only after hours or on weekends. Staff must be available at all times
so that field condition problems can be addressed as they are encountered.
The construction phase requires a partnering and team approach among
the school administration, engineers, construction administrator and the
contractors to assure a successful project.
Exactly how the construction is accomplished has been determined earlier
by the choice of contracting strategies.
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CONTRACTING STRATEGIES
If the school district has chosen to fund independently, rejecting the ESCO
option, there are contracting strategies to be considered. The typical choices
are basically the same as for any construction project.

School
District

4

ESCO

Traditional Process (Design, Bid, Construct)
Engineering and Construction Management

Lender

There are variations on each of these processes. The choice depends on the
conditions and circumstances of the individual school district and its cornmuMty.

Traditional design/bid/construct Design/bid/construct contracting is the
delivery process most used by school districts. The program during design
is led by an engineering consultant who is contractually obligated to work
in the best interest of the owner to meet programming needs. Construction documents are produced and bid, and the project is constructed under
a general contractor agreement with the lowest responsible bidder.

Trade
Contractor

Trade

Trade
Contractor

Contractor

School
District

-11M15M17=1
Lender
General
Contractor

Trade
Contractor

Contracting Pros:

Trade
Contractor

Design and construction contracts can be separated to allow for increased community business involvement.
Design phase is led by a consultant with a fiduciary responsibility to
work in the best interest of the district.
The district maintains complete control of design quality.
Contracting Cons:

General Contractor has control of sub-contractors and construction
program schedule, not the district.
Entire contract is awarded to lowest bidder, increasing chance of
cost disputes.

Engineering and construction management Engineering and construction management (CM) is a professional service using a team of design and
construction personnel responsible for the program from survey through
commissioning. The program has a single point of contact and responsibility with the Engineer/CM to assure the district that a complete and coordinated program is delivered and that the district personnel are satisfied with
and trained on the systems delivered.
During the design phase, professional engineers are used to develop an integrated system approach to energy conservation measures considered and
implemented.
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The documents and specifications prepared for each facility are packaged
to meet the needs of the project. The work is bid directly to the trade contractors. The Engineer/CM replaces the General Contractor. The makeup of each bid would vary depending on combined estimated construction

cost, school mixhigh school, middle school, elementary schoolor geographic relationship. Packaging bids in this manner allows for increased
access to subcontractors for greater local participation and increased involvement by small, minority or women-owned businesses.

The construction management staff use trade contracting to control bid
and construction costs and provide the district with an "open book" accounting of all implementation costs.
Pros

All of the Pros of Traditional Design/Bid/Construct apply to this contracting strategy.
Design phase and construction phase is led by a consultant team with a
fiduciary responsibility to work in the best interest of the district.
Use of the construction manager as bid coordinator and administrator
allows for flexible trade packaging, increasing local contractor community involvement and expanding women and/or minority contractor
involvement.

The district maintains complete control of design and construction
quality.

The CM, as the district's agent, has control of the trade contractors
during the construction phase and the overall program schedule.
It allows for use of design-build approach, giving the contractor flexibility in pricing and enabling adaptation to field conditions to minimize change orders.
It saves Money!
Cons:

As in the traditional process, the contract is awarded to lowest bidder.
Although this may increase the chance of cost disputes, trade contracting does allow for greater control and ease in replacement of non-performing contractors.
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3D/I QUALIFICATIONS
National organization 3D/I was established in 1953 as a design and management firm. We arc organized around 4 disciplinesconstruction management, engineering, architecture and environmental services. Our scope
of work ranges from the design and management of the Fremont Unified
School District's lighting retrofit (part of a $90 million bond program) to
the construction management on the State of California State Archives
Building and Secretary of State offices. 3D/I specializes in public sector
design and construction management projects. Our work for public agencies exceeds $7 billion of construction in the last three years.
3D/I provides energy conservation and retrofit services for clients through-

out the U.S. Our integrated services approach allows us to provide construction management, architecture, engineering and environmental services to a district on any area affected by their energy retrofit program.
Schools We have worked on over 400 school projects throughout the U.S.
and have helped other government clients think through their approach to
private financing. We have developed relationships with several financing
institutions that are interested in backing energy-related projects using our
program. School construction is a market specialty for 3D/I. In our Western Region, 75 percent of our work is K-12 school projects. Over the past
10 years, we have managed and/or designed over one billion dollars in school
construction projects.
Services 3D/I uses an open-ended, flexible approach to deliver our services. We tailor to our client's needs. Our services include:
Project/Construction Management
Facilities AUclits and Assessments
Energy Audits and Retrofits
Asset Analysis
Engineering
Value Engineering
Maintenance Planning
Master Planning
Scheduling and Estimating

Locating Financing Options
Design-Build Contracting
Constructibilitv Review
Strategic Facility Planning
Claims Avoidance & Resolution
Urban Design
Change Order Negotiation
Indoor Air Quality
Risk Assessment

12
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3D/International, Inc.
Architecture, engineering, construction management and environmental services

1900 West Loop South, Houston TX 77027, Phone 713/871-7000, Fax 713/ 87174 5 6

0 9990 Lee Highway, Fairfax VA 22030, Phone 703/218-8100,

Fax 703/218 -8101 0 112 E. Pecan, 23rd Floor, San Antonio TX 78205, Phone 210/227-

2500, Fax 210/227-9704 0 1205 Second Avenue, Suite 210, Seatlle IVA 98101, Phone
206/625-0403, Fax 206/625-0410 0555 Capitol Mall, Suite 340, Sacramento CA 95814,

Phone 916/447-7600, Fax 916/443-8906 0 1810 Mills B. Lane Boulevard, Savannah

GA 31405, Phone 912/234-7940, Fax 912/232-1188 0 68 E. Weldon Ave., Suite
121, Phoenix AZ 85012, Phone 602/230-0672, Fax 602/266-9155 0 781 Neeb Road,

Cincinnati OH 45233, Phone 513/922-8199,

13

Fax

513/922-9150

U.S. Department of Education

LI:=1]

Office of Educational Research and Improvement (OERI)
National Library of Education (NLE)
Educational Resources Information Center (ERIC)

II

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:
Title:

Energy Retrofit For Aging K-12 Schools
Author(s):
Publication Date:

Corporate Source:
3DI

II. REPRODUCTION RELEASE:
In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents announced in the
monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper copy,
and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document, and, if
reproduction release is granted, one of the following notices is affixed to the document.
If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three options and sign at the bottom
of the page.
The sample sticker shown below will be
affixed to all Level 1 documents

The sample sticker shown below will be
affixed to all Level 2A documents

The sample sticker shown below will be
affixed to all Level 2B documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS
BEEN GRANTED BY

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN
MICROFICHE, AND IN ELECTRONIC MEDIA
FOR ERIC COLLECTION SUBSCRIBERS ONLY,
HAS BEEN GRANTED BY

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN
MICROFICHE ONLY HAS BEEN GRANTED BY

\g,

\(2)

C§)
TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

2A

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

2B

Level 1

Level 2A

Level 2B

Check here for Level 1 release, permitting
reproduction and dissemination in microfiche or other
ERIC archival media (e.g., electronic) and paper
copy.

Check here for Level 2A release, permitting
reproduction and dissemination in microfiche and in
electronic media for ERIC archival collection
subscribers only

Check here for Level 2B release, permitting
reproduction and dissemination in microfiche only

Documents will be processed as indicated provided reproduction quality permits.
If permission to reproduce is granted, but no box is checked, documents will be processed at Level 1.

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document

as indicated above. Reproduction from the ERIC microfiche or electronic media by persons other than ERIC employees and its system
contractors requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies
to satisfy information needs of educators in response to discrete inquiries.
Printed Name /Position/Title:

Sign

Suit)

here, please

Telephone:

his 2i7V-

P X-47/yre.A/ 4-17 co441--

/1 at, 14 057 Goa l°

rr7

5p.%kedd;;;::,

ATVS 7A4

17,9D;v7

fie45/77&-Ad.7-- 7 cot?

a-

Fw5-,r1/-7sisz,

5,iiieereiDate:

(over)

III. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE):
If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from another source, please
provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is publicly
available, and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are significantly more
stringent for documents that cannot be made available through EDRS.)

Publisher/Distributor:

Address:

Price:

IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER:
If the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate name and
address:
Name:

Address:

V. WHERE TO SEND THIS FORM:
Send this form to the following ERIC Clearinghouse:

National Clearinghouse for Educational Facilities
National Institute of Building Sciences

1090 Vermont Ave., N.W.,Suite 700

Washington, DC 200054905

However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being
contributed) to:

ERIC Processing and Reference Facility
1100 West Street, 2nd Floor
Laurel, Maryland 20707-3598

Telephone: 301-497-4080
Toll Free: 800-799-3742
FAX: 301-953-0263
e-mail: encfac@inet.ed.gov
WWW: http://ericfac.piccard.csc.com
EFF-088 (Rev. 9/97)

