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Executive Summary

As part of an initiative to reduce energy cost and consumption, the Glassboro Board
of Education has secured the services of Camp Dresser and McKee (CDM) to perform
an energy audit for eight (8) buildings which are owned and operated by the School
District in an effort to develop comprehensive Energy Conservation and Retrofit
Measures (ECRMs).

CDM’s energy audit team visited the schools on March 3 and 4, 2010. As a result of
the site visits and evaluation of the historical energy usage of the facilities, CDM was
successful in identifying opportunities for energy savings measures.

CDM has also evaluated the potential for renewable energy technologies to be
implemented at the District’s buildings to offset the electrical energy usage.
Specifically, the use of solar electric photovoltaic panels, ground source heat pumps
and wind turbines were investigated.

Additionally, there is potential for the District to make money by participation in a
Demand Response Program, as discussed in Section 5.2.

Not all ECRMs identified as a result of the energy audit are recommended. ECRMs
must be economically feasible to be recommended for implementation. The feasibility
of each ECRM was measured through a simple payback analysis. The simple payback
period was determined after establishing Engineer’s Opinion of Probable
Construction Cost estimates, O&M estimates, projected annual energy savings
estimates, and the potential value of New Jersey Clean Energy rebates, or Renewable
Energy Credits, if applicable. ECRMs with a payback period of 20 years or less are
recommended.

The payback periods presented do not account for additional cost savings associated
with participation in the Pay for Performance Program or the Direct Install Program.
The eligibility requirements and associated cost savings available through
participation in these Programs are discussed in Section 7.2.

Historical Energy Usage

The following table, Table ES-1, summarizes the historical energy usage at each of the
buildings as presented in Section 3. These values can serve as a bench-marking tool,
along with the building profiles that have been established through the EPA’s
Portfolio Manager Program, to quantify the reduction in electrical energy and natural
gas usage following the implementation of the recommended ECRMs.

ES-1



Executive Summary

Table ES-1: Summary of Annual Energy Usage & Cost

Electrical Peak Peak Fuel Use Cost for
Energy Summer Winter for Entire Electric Cost for
Demand Demand Building " Fuel
Use (kWh) (kW) (kW) (therms) Service
Glassboro High
School 1,563,504 351 327 84,089 | $209,218 | $99,019
Glassboro
Intermediate School 956,100 399 636 69,159 | $135,716 | $82,071
Glassboro
Intermediate School 6,530 7.9 6.9 1,091 $1,093 | $2,683
— Annex
Tomas E. Bowe
School 941,800 240 106 50,854 | $121,883 | $59,257
Dorothy Bullock
School 965,700 600 294 52,511 | $135,975 | $60,155
J. Harvey Rodgers
School 365,680 148 148 25,523 $51,382 $29,175
Elsmere School 30,920 14 16 4,649 $4,949 | $5446
Beach
Administration 136,512 1,012 231 2,747 $20,150 | $3,245
Building
Recommended ECRMs

The following Table ES-2 presents the ranking of recommended ECRMs identified for
the building lighting and HVAC systems based on the simple payback analysis. The
lighting system improvements that include upgrades to both the interior and exterior
lighting systems have been recommended. Although these measures have a longer
payback period than improvements to the interior lighting system alone,
implementing retrofits to both the interior and exterior lighting systems results in a
greater energy savings.

Additional ECRMs associated with the building envelope and other miscellaneous
appliances were identified and evaluated, as discussed in Sections 2 and 4; however,
were not recommended due to longer payback periods. Table ES-2 includes the
Engineer’s Opinion of Probable Construction Cost, projected annual energy cost
savings, projected annual energy usage savings, and total simple payback period for
each recommended ECRM. The ECRMs are ranked based on payback period.

ES-2



Executive Summary

Table ES-2°
Ranking of Energy Savings Measures Summar
Annual Simple
Overall Energy Fiscal Payback
Ranking® ECRM Total Cost Savings Savings® | (Years)
Glassboro Intermediate 57,240 kWh
1 School - BMS System $34.886 | 5 515 Therms | $22:296 1.6
Glassboro Intermediate
2 School Annex - Lighting $1,059 3,516.4 kWh $601 1.8
Upgrades
Glasshboro High School - 71,420 kWh
3 BMS System $65,501 7,613 Therms $20,811 31
Beach Administration
4 Building - Lighting $2,637.8 2,899.9 kWh $672 3.9
Upgrades
J. Harvey Rodgers - BMS 10,297 kWh
5 System $22,535 2,423 Therms $5,002 45
Glasshoro High School -
6 Lighting Upgrades $55,172 60,884.7 kWh $8,178 6.7
Glasshoro High School - 17,604
! Boiler Upgrade $193,718 Therms $26,322 74
Dorothy Bullock School -
8 Lighting Upgrades $44,336 38,437.6 kWh $5,927 7.5
Glassboro Intermediate 20,524
9 School — Boiler Upgrade $233,670 Therms $29,644 7.9
Thomas E. Bowe School -
10 Lighting Upgrades $69,182 60,818.7 kWh $8,675 8.0
J. Harvey Rodgers School -
11 Lighting Upgrades $21,835 15,116.8 kWh $2,538 8.6
Dorothy Bullock School — 13,513
12 Boiler Upgrade $177,563 Therms $20,013 8.9
13 Elsmere School - Lighting | ¢7 035 | 24467 kwh |  $446 15.8
Upgrades
Glassboro Intermediate
14 School - Lighting Upgrades $12,510 4,121 kWh $699 17.9
15 Elsmere School —Boiler $42,283 | 1,155 Therms | $2,129 19.9
Upgrade
1. Engineers Probable Construction Cost takes into account any applicable rebates.
2. Annual Fiscal Savings takes into account additional O&M cost or savings associated with the
measure.
3. Overall Ranking is based on the simple payback period.

ES-3
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Renewable Energy Technologies
Solar Energy

Section 4 of the report provides for an economic evaluation of a solar energy system
recommended to be installed at several of the School District’s facilities. The
evaluation covered the economic feasibility of the School District installing a solar
energy system under a typical construction contract and to assume full responsibility
of the operation of such a system.

Based on a simple payback model, summarized in Table ES-3, it would benefit the
School District to further investigate the installation of a solar energy system at six (6)
of the School District buildings. This is primarily based on the initial upfront capital
investment required for a solar energy system installation and the 11.5 year combined
payback period. This payback period may justify installing the solar energy system.
Other options such as Power Purchase Agreements are potentially available as well to
help finance the project. Solar technology is constantly changing and will most likely
continue to lower in price.

Two major factors influencing the project financial evaluation is the variance of the
prevailing energy market conditions and Solar Renewable Energy Credit (SREC)
rates, with the largest impact to the payback model being the SREC credit pricing. For
the payback model, conservative estimates of the SREC’s market value over a 15 year
period were assumed, as discussed in Section 4.

Table ES-3 includes a simple payback analysis for the installation of a solar energy
system at the six (6) School District buildings.

Table ES-3: Simple Payback Analysis for Solar Energy Systems

Estimated Budgetary Project Cost $23,105,260
1* Year Production 2,455,236 kWh
Annual Electric Savings $353,313
Annual Estimated SREC Revenue $1,659,046
Project Simple Payback 11.5 Years

Wind Power Generation

Section 4.3.2 of the report provides for an economic evaluation of a wind turbine
energy system recommended to be installed at eight (8) of the Glassboro School
District buildings. The evaluation covered the economic feasibility of furnishing and
installing a wind turbine energy system under a typical construction contract and to
assume full responsibility of the operation of such a system.

ES-4
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CDM completed a preliminary desktop wind power production analysis and has
concluded that an additional on-site feasibility study is warranted and recommended.
Such a feasibility study would include the installation of a wind test rig to measure

actual wind conditions as observed on-site.

Wind power as a renewable energy source also qualifies for Renewable Energy
Certificates (REC’s). The prevailing energy market, REIP and REC’s comprise the
major factors influencing a wind turbine energy system installation. Other options,
such as government bonds or a Power Purchase Agreement are potentially available

and can assist with the financing of this project.

Table ES-4 includes a typical simple payback analysis for the installation of a wind
turbine energy system located at several of the Glassboro School District facilities.

Refer to Appendix K for a more detailed wind energy financing spreadsheet.

Table ES-4: Simple Payback Analysis for Wind Turbine Energy System

Wind Turbine Wind Turbine Wind Turbine
Parameter (Minimum Site (Maximum Site (Average Site
Wind Speed — 8.7 | Wind Speed — 12.7 Wind Speed —
mph) mph) 11.0 mph)
Engineer’s Opinion of Probable $21.875 $21,875 $21.875
Cost
Renewable Energy Incentive
Program* -$11,104 -$21,875 -$19,648
Total Cost $10,771 $0 $2,227
1* Year Production 3,470 kWh 7,970 kWh 6,140 kWh
Annual Estimated Electric Savings $584.7 $1,342.9 $1034.6
Annual Estimated REC Revenue $87 $199 $154
Project Simple Payback 16.0 Years 0 Years 1.9 Years
Annual Return On Investment o o
(AROI) 2.23% NA 49.4%
Lifetime Energy Savings (25 $21,660.1 $49,747.4 $38,326.5
years)
Internal Rate of Return (IRR) 5.79% NA 55.5%
Net Present Value (NPV) $4,035.1 $34,007.1 $23,971.7

** REIP incentive is calculated for only the first year and is applied as a deduction.

Computer Power Management Software

Section 4.3.3 of the report provides for an economic evaluation of computer power
management software recommended to be installed at six (6) of the Glassboro School

District facilities.

Table ES-5 includes a typical simple payback analysis for the installation of the
computer power management software at six (6) of the Glassboro School District

ES-5
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facilities. Refer to Appendix L for a more detailed computer power management
software financing spreadsheet.

Table ES-5: Ranking of Energy Savings Measures Summary — Computer Power
Management Software
Engl_neers Annual Lifetime Simple
. Opinion of Energy
Site Energy . Payback
Probable Savinas Savings (5 (Years)
Cost 9 Years)
Dorothy Bullock
School $1,159.2 $2,019.2 $10,720.2 0.57
J. Harvey Rodgers
School $956.8 $1,666.6 $8,848.2 0.57
Beach Administration
Building $239.2 $416.7 $2,212.3 0.57
Glassboro
Intermediate School $1,232.8 $2,004.2 $10,640.6 0.62
Thomas E. Bowe
School $1,913.6 $3,111.1 $16,517.3 0.62
Glassboro High
School $2,410.4 $3,638.8 $19,318.9 0.66
Recommended ECRMs

Table ES-6 summarizes the Total Engineer’s Opinion of Probable Construction Cost,
annual energy savings, projected annual energy and O&M cost savings and the
payback period based on the implementation of all of the above recommended

ECRMs.
Table ES-6: Recommended ECRM's”
Projected Annual Simple
Total Engineer’s Opinion of Energy Savings Projected Annual | Payback
Probable Construction Cost (kWH, therms, or gal Fiscal Savings Period
oil) (years)
238,935 kWh
$2,120,641 14,595 therms $277,740 9.7
33,877 gal oil

1. Does notinclude energy savings associated with Solar Energy System or Wind Power

Generation.
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Section 1
Introduction

1.1 General

As part of an initiative to reduce energy cost and consumption, the Glassboro Board
of Education has secured the services of Camp Dresser and McKee (CDM) to perform
an energy audit at eight (8) of the District’s buildings in an effort to develop
comprehensive energy conservation initiatives.

The performance of an Energy Audit requires a coordinated phased approach to
identify, evaluate and recommend energy conservation and retrofit measures
(ECRM). The various phases conducted under this Energy Audit included the
following:

m Gather preliminary data on all facilities;
m Facility inspection;

m Identify and evaluate potential ECRMs and evaluate renewable/distributed energy
measures;

m Develop the energy audit report.

Figure 1-1 is a schematic representation of the phases utilized by CDM to prepare the
Energy Audit Report.

Figure 1-1: Energy Audit Phases

1-1
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1.2 Background

The buildings that were included in the energy audit for the Glassboro Board of
Education were the Glassboro High School, Glassboro Intermediate School and
Annex, the Thomas E. Bowe School, the Dorothy Bullock School, the J. Harvey
Rodgers School, the Elsmere School and the Beach Administration Building.

The Glassboro High School is an 113,915 ft2 building that was built in 1966. The
science wing and extension to the cafeteria were completed in 2004. The high school
consists of office space, classrooms, gym and locker rooms, auditorium space and a
nurse’s office. The school is occupied by 635 students and 85 faculty and staff
members. The school is occupied from 7 am to 8 pm during the week and is partially
occupied on Saturdays and Sundays for basketball practice.

The Glassboro Intermediate School is a 60,671 ft2 building that was originally built in
1929, with replacement of the original steam heat system and renovation of the media
center and gym completed in 2003. The intermediate school consists of office space,
class rooms, gym and locker rooms, auditorium space and a nurse’s office. The school
is occupied by 313 students and 58 faculty and staff members. The school is occupied
from 7 am to 8 pm during the week and is partially occupied on Saturdays.

The Glassboro Intermediate School Annex is a 6,270 ft2 building that was originally
built in 1951. The Annex consists of four classrooms, office space and bathrooms. The
Annex is used by Intermediate School students for certain extracurricular classes
throughout the school day.

The Thomas E. Bowe School is a 75,514 {t2 building that was originally built in 1972,
with renovation of the interior space and the replacement of all multi-zone roof top
units completed in 2002. The School was originally an open floor plan that was
renovated to provide separate classroom space in 2002. The Bowe School is utilized
for 4th, 5th and 6th grade classes. The middle school consists of office space, class
rooms, gym, auditorium space and a nurse’s office. The school is occupied by 527
students and 65 faculty and staff members. The school is occupied from 7 am to 8 pm
during the week.

The Dorothy Bullock School is an 87,700 ft2 building that was built in 1993. The school
is utilized for 1st, 2nd and 3rd grade classes and consists of office space, class rooms,
gym, auditorium space and a nurse’s office. The school is occupied by 490 students
and 79 faculty and staff members. The school is occupied from 7 am to 8 pm during
the week.

The J. Harvey Rodgers School is a 39,192 ft2 building that was originally built in 1957,
with an extension to essentially double the building footprint completed in 2000. The
school is utilized for pre-K and kindergarten classes and consists of office space,
classrooms, gym, auditorium space and a nurse’s office. The school is occupied by 333

1-2
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students and 50 faculty and staff members. The school is occupied from 7 am to 8 pm
during the week.

The Elsmere School is a 5,358 ft2 building that was originally built in 1927. The school
is utilized for after school services. There are two full-time employees. The school is
occupied from 8 am to 8 pm during the week.

The Beach Administration Building is a 6,530 ft2 building that was built in 1986. The
building consists of office space, conference rooms and a small kitchenette. The
building is occupied by 15 District employees from 8 am to 8 pm during the week.

1.3 Purpose and Scope

The objective of the energy audit is to identify energy conservation and retrofit
measures to reduce energy usage and to develop an economic basis to financially
validate the planning and implementation of identified energy conservation and
retrofit measures.

Significant energy savings may be available with retrofits to the buildings” envelopes,
heating and cooling systems and lighting systems. It should be noted that the
magnitude of energy savings available is not only dependent on the type of heating,
lighting or insulation systems in use, but also on the age and condition of the
equipment and the capital available to implement major changes. Due to the rising
cost of power and the desire to minimize dependence on foreign oil supplies, energy
consumption is taking a higher priority across the nation and feasible alternatives for
reducing energy consumption and operating costs must be evaluated on a case-by-
case basis.

The purpose of this energy audit is to identify the various critical building comfort
systems that are major consumers of electrical and thermal energy and are clear
candidates for energy savings measures. In addition, potential energy generation
systems such as solar electric, ground source heat pumps, and wind energy systems
were also evaluated. A discussion on these technologies is included in Section 4
Energy Conservation and Retrofit Measures (ECRM).

In addition to identifying ECRMs and the potential for on-site energy generation, the
potential for energy cost savings through participation in a Demand Response
Program is discussed in Section 5.

1-3



Section 2
Facility Description

2.1 Beach Administration Building
2.1.1 Description of Building Envelope

The walls of the Administration Building are concrete cavity walls consisting of brick
facade, cavity and finished interior. The roofing system consists of insulation and
EPDM membrane on a flat roof deck. The windows throughout the building are
double pane windows with aluminum frames and the exterior doors are light weight
steel.

It was determined that the building envelope is in good condition and is currently
providing a high level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.1.2 Description of Building HVAC

Heat is provided to the administration building by two Sterling Furnaces. These two
furnaces are located in either the mechanical closet or the server room closet.

The office is cooled by two condensing units located outside. The server room has
two Sea Breeze portable air conditioning units providing cooling to the room. A
Sanyo wall mounted air conditioning unit provides additional cooling to the server
room. An inventory of noted HVAC equipment and service locations may be found
in Section 4.

2.1.3 Description of Building Lighting

The Beach Administration Building’s existing lighting system consists of 1X4 (1, 2
lamp), 2X2 (2 lamp), 2X4 (2, 3, 4 lamp) T8 linear fluorescent fixtures with electronic
ballasts, 1X4 (1 lamp) T12 linear fluorescent fixtures with magnetic ballast, metal
halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more
detailed description.

2.2 Dorothy Bullock School
2.2.1 Description of Building Envelope

The walls of the Dorothy Bullock School are concrete cavity walls consisting of brick
facade, cavity, and CMU backup blocks. The roofing system consists of metal seam or
sections of built-up roofing. CDM was advised that the metal seam roof leaks.

Unfortunately, evidence of leaking seams on metal roofs may show up several feet
away, as the water will not always travel straight down. It can follow the truss
system, seep down the sidewalls, or pool up until it finds an outlet. Metal roofs can be
installed in a number of ways, but typically they have an overlap with a gasket. The
leaks may be the cause of bad gaskets, in combination with the expansion and
contraction of the metal roofs. Further evaluation of the roof is required to identify the

2-1



location and cause of the leak. This can
lead to replacement or spot
replacement. Due to the expansion and
contraction of the roofing system, it is
not recommended that a particular
seam be sealed.

Pooling of storm water at the concrete
slab was noted. The slope of the grade
does not permit drainage of the storm
water away from the building. It was
noted that several of the other roof
drains were extended away from the
building to minimize this effect and the
potential for water damage. It is
recommended that this be applied to all
the roof drains or that the grade is built-
up to allow for the storm water to run
away from the building slab.

The windows throughout the building
are double pane, double hung windows
with aluminum frames, and the exterior
doors are light weight steel.

Section 2
Facility Description

It was determined that the building envelope is in good condition and is currently
providing a high level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.2.2 Description of Building HVAC

A hot water system provides the
heating at the Dorothy Bullock
School. Two Weil McLain
boilers, with input ratings of
2,396 MBH each, generate the
hot water. The hot water system
serves individual Snyder
General unit ventilators within
the classrooms, as well as the air
handling units. A Sterling hot
water unit heater serves the
receiving room. The gymnasium
and cafeteria each have six large
convectors that provide heat to
the space. Six large cabin fans
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are located in both the cafeteria and gym which are used to dry the floors. A make-up
air unit located on the roof services the kitchen.

A Trane air cooled liquid chiller located outside coupled with an ice storage system
provides chilled water to cooling coils in air handling units located throughout the
school. It should be noted that the ice storage tanks are located outside and that the
chiller creates ice at night. Three Brown condensers are located on the roof for the
kitchen and freezers. An inventory of noted HVAC equipment and service locations
may be found in Section 4.

2.2.3 Description of Building Lighting

The Dorothy Bullock School existing lighting system consists of 1X4 (1, 2 lamp), 2X2 (2
lamp), 2X4 (2, 3 lamp) T8 linear fluorescent fixtures with electronic ballasts, metal
halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more
detailed description.

2.3 Elsmere School
2.3.1 Description of Building Envelope

The walls of the Elsmere School are of
concrete construction with finished
interior. The roof is pitched with asphalt
shingles. The windows throughout the
building are double pane. However, it
was observed that the double windows
have failed with evidence of moisture
between the panes, minimizing the
positive thermal effect of the two panes.

CDM is aware of the vandalism problems

in the area of the Elsmere School. As the

existing double pane windows are no longer providing the intended thermal
insulation, to protect the recommended investment of new windows, consideration
may be given to the installation of new double or single pane windows with
plexiglass exterior storms.

It was determined that the building envelope is in good condition and is currently
providing a good level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.3.2 Description of Building HVAC

A hot water system provides the heating at the Elsmere School. One Weil McLain cast
iron boiler, with a gross I=B=R output rating of 364 MBH, is located in the boiler
room. The hot water system serves individual unit ventilators and fin tube radiators
within the classrooms.
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Window air conditioning units were noted on Northeast and Southeast classrooms.
The Northwest and Southwest classrooms are cooled by two (2) McQuay condensing
units. HVAC equipment and service locations may be found in Section 4.

2.3.3 Description of Building Lighting

The Elsmere School existing lighting system consists of 1X4 (1, 2 lamp), 2X2 (2 lamp),
2X4 (2, 3 lamp) T8 linear fluorescent fixtures with electronic ballasts, metal halide
fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more detailed
description.

24 Glassboro High School
2.4.1 Description of Building Envelope

The energy audit included an evaluation of the building envelope (exterior shell) to
determine the components” effective R-values to be utilized in the building model and
to identify any thermal weaknesses that may be present. The components of a
building envelope include the exterior walls, foundation and roof. The construction
and material, age, and general condition of these components, including exterior
windows and doors, impact the building’s energy use.

The Glassboro High School is slab on grade construction, with concrete cavity walls
consisting of brick facade, cavity and CMU backup blocks. The roof of the 2003
additions, which includes the science wing and the cafeteria, and approximately 50%
of the original high school building, is a BUR system consisting of 2” of isocyanurate
insulation and multiple layers of roof felts with hot applied bitumen between the
roofing layers and a gravel top. This roof is in good condition. The roof on the
remainder of the building, particularly the C-Wing, is a ballasted EPDM membrane
roofing system that is original to the building. Not only did facility staff indicate that
this portion of the roof is known to leak, but the interior drop ceiling was stained in
sections of the C-Wing.

It is recommended to completely tear-off the remainder of the original roofing system
of the C-Wing including membranes, flashings, insulation, etc., down to the base
substrate. An isocyanurate insulation system is recommended to promote positive
drainage to existing roof drains. Installation of 1/2-in thick, high-density wood fiber
recovery board insulation is also recommended. It is recommended to install a new
modified asphalt 3-ply built-up system with polyester felts and white or cool colored
granulated cap sheet or a modified bitumen hot or cold applied system; including a 20
year warranty. Built-up or modified bitumen systems permit maximum movement of
the membrane and flashing, without failure, due to its elasticity. In addition, the
roofing system would then be consistent throughout the building.

It is recommended that a qualified roofing contractor evaluate the system, including
the structural capacity of the building frame. Due to the cost of a roof replacement, it
is anticipated that the payback will be in excess of 20 years; as such this
recommendation has not been evaluated further.

2-4



Section 2
Facility Description

The windows throughout the building are double pane with aluminum frames and
the exterior doors are light weight steel. The windows and doors were recently
installed in 1997. It was noted that the weather-stripping on the exterior doors was
worn. As such, the installation of new weather-stripping and flexible door sweeps are
recommended. This will work to reduce infiltration of ambient, unconditioned air and
improve occupant comfort, resulting in a noticeable energy cost savings.

2.4.2 Description of Building HVAC

A hot water system provides the heating at Glassboro High School. Two Cleaver-
Brooks boilers, with input ratings of 5,230 MBH each, generate the hot water. The hot
water system serves individual unit ventilators within the classrooms, as well as the
air handling units. Rooftop units provide heat to the auxiliary gym.

A Trane liquid chiller, located in the boiler room, serves chilled water coils in air
handling units throughout the school (except the C wing). The rooftop unit that
serves the new science wing has variable air volume terminals that provide heating
and cooling. A Trane heating and cooling rooftop unit serve part of the C wing. Two
Trane rooftop air conditioners provide cooling to two rooms in the A-I wing. Three
rooftop high efficiency condensing units serve other portions of the C wing. Window
air conditioning units were noted during the audit to serve rooms C110, C106, C105,
and 102. An inventory of noted HVAC equipment and service locations may be
found in Section 4.

2.4.3 Description of Building Lighting

The Glassboro High School existing lighting system consists of 1X4 (1, 2 lamp), 2X2 (2
lamp), 2X4 (2, 3, 4 lamp) T8 linear fluorescent fixtures with electronic ballasts, metal
halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more
detailed description.

2.5 Glassboro Intermediate School
2.5.1 Description of Building Envelope

The walls of the Glassboro Intermediate School are concrete cavity walls consisting of
brick fagade, cavity, and CMU backup blocks. The roofing systems consist of black
EPDM membrane over flat roof decks. This roof was replaced in 1997. The windows
throughout the building are tempered double pane, double hung windows with
aluminum frames and the exterior doors are light weight steel. The light weight steel
doors are recommended as the high strength, light weight material contains a layer of
insulation and good sealing ability, as the doors will not expand or contract with
changing climate. The windows and exterior doors were replaced in 1997.

It was noted that the greenhouse is constructed of single pane glass. While
replacement of this single pane glass with high performance, air tight glass panels for
improved energy efficiency, the cost for replacement is not expected to be justified
through the energy savings alone. More cost effective options include the application
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of new caulking, ‘shrink-to-fit" plastic films for making temporary interior windows,
or the installation of storm windows. These measures are recommended as temporary
solutions to minimize infiltration and improve building occupant comfort.

It was determined that the building envelope is in good condition and is currently
providing a high level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.5.2 Description of Building HVAC

A hot water system provides the heating at Glassboro Intermediate School. Two
Smith cast iron boilers, with input ratings of 6,341MBH each, generate the hot water.
The hot water system serves individual unit ventilators within the classrooms, as well
as air handling, and rooftop units. Heat recovery units supply heat to the boys and
girls locker rooms. Two Trane hot water unit heaters provide heat to the boiler room.
Rooftop units provide heat to the auxiliary gym.

A York air cooled chiller, located outside, serves chilled water coils in air handling
units throughout the school. In addition to this, several packaged rooftop air
conditioners serve areas such as the orchestra room, prep room, science labs, and
gym. A window air conditioning unit serves room 211. An inventory of noted HVAC
equipment and service locations may be found in Section 4.

2.5.3 Description of Building Lighting

The Glassboro Intermediate School existing lighting system consists of 1X4 (1, 2
lamp), 2X2 (2 lamp), 2X4 (2, 3, 4 lamp) T8 linear fluorescent fixtures with electronic
ballasts, metal halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4
for a more detailed description.

2.6 Glassboro Intermediate School Annex
2.6.1 Description of Building Envelope

The walls of the Glassboro Intermediate School Annex are concrete cavity walls
consisting of brick facade, cavity, and CMU backup blocks. The roofing system
consists of black EPDM membrane over flat roof decks. The windows of the Annex
are tempered double pane, double hung windows with aluminum frames and the
exterior doors are light weight steel.

It was determined that the building envelope is in good condition and is currently
providing a high level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.6.2 Description of Building HVAC

A hot water system provides the heating at the Intermediate School Annex. Two
Aerco cast iron boilers, with input ratings of 1,000 MBH each, are located in the boiler
room. The hot water system serves unit ventilators located above the classrooms.
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Cooling is provided to the Intermediate School Annex by air cooled condensing units
located on the roof. CDM did not have access to the roof at the time of the audit, so
equipment and service locations were taken from drawings. The inventory can be
found in Section 4.

2.6.3 Description of Building Lighting

The Glassboro Intermediate School Annex’s existing lighting system consists of 1X4 (2
lamp), 2X4 (2, 3 lamp) T8 linear fluorescent fixtures with electronic ballasts, metal
halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more
detailed description.

2.7 J.Harvey Rodgers School
2.7.1 Description of Building Envelope

The walls of the ]J. Harvey Rodgers School
are concrete cavity walls consisting of brick
facade, cavity, and CMU backup blocks.
The roofing system consists of insulation
and EPCM membrane over flat roof deck.
In general, the roof was observed to be in
good condition, with minimal pooling and
no signs of leakage on the interior of the
building. The windows throughout the
building are double pane, double hung
windows with aluminum frames and the
exterior doors are light weight steel.

It was noted that window air conditioning

units were in place at the time of the audit. It is recommended that the air
conditioning sleeves be checked for a tight seal and as the units are left in place
through winter that AC covers be

purchased and installed. An outdoor AC

cover covers the top and sides of the unit to

stop drafts. Window and though-wall AC

covers are UV resistant, water repellent

PVC vinyl with elasticized corners and

straps for a tight fit. Outdoor or indoor AC

covers can also be customized. A standard

outdoor AC cover can cost around $15.

The impact of the overall building heating

load will be minimal; however, there will

be a direct impact on the occupants’

comfort.

Example of an Outdoor AC Cover
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It was determined that the building envelope is in good condition and is currently
providing a high level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.7.2 Description of Building HVAC

A hot water system provides the heating at J]. Harvey Rodgers School. Two Weil
McLain cast iron boilers are located in the B-wing boiler room, with an input rating of
1,820 MBH each. These two boilers generate the hot water for the B-wing. Two
Lochinvar boilers are located in the A-wing boiler room, with an input rating of 750
MBH each. The Lochinvar boilers generate hot water for the A-wing. The hot water
system serves individual unit ventilators and fin tube radiators within the classrooms.
The hot water is also supplied to the air handling units that are serving offices, and
corridors.

Window air conditioning units were noted in the faculty and RR room, as well as
rooms B-2, B-3, B-4, B-5, B-6, B-7, and B-8. Rooftop condensing units serve the offices,
hallway, gym and room B-1. Ground mounted condensing units serve the ten A-wing
classrooms. An inventory of noted HVAC equipment and service locations may be
found in Section 4.

2.7.3 Description of Building Lighting

The J. Harvey Rodgers School existing lighting system consists of 1X4 (2 lamp), 2X2 (2
lamp), 2X4 (2, 3, 4 lamp) T8 linear fluorescent fixtures with electronic ballasts, metal
halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more
detailed description.

2.8 Thomas E. Bowe School
2.8.1 Description of Building Envelope

The walls of the Thomas E. Bowe School are concrete cavity walls consisting of brick
facade, cavity, and CMU backup blocks. The majority of the roofing system is of metal
seam construction. There are also sections of BUR roofing and EPDM membrane. In
general, the roof was observed to be in good condition, with minimal pooling and no
signs of leakage on the interior of the building. The roof was replaced in 1997. The
windows throughout the building are double pane, double hung windows with
aluminum frames and the exterior doors are light weight steel. The windows and
exterior doors were replaced in 1997.

It was determined that the building envelope is in good condition and is currently
providing a high level of insulation. As such, any modifications to the insulation
system would not prove to be cost effective from an energy savings stand-point.

2.8.2 Description of Building HVAC

Heating for the Thomas E. Bowe School is primarily provided by Mammoth gas-fired
rooftop packaged air conditioning units. The gym, faculty dining room, and room
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A107 are heated by three gas fired rooftop units. Electric unit ventilators provide
additional heat to the corridor entrances. A gas fired unit heater manufactured by
Trane heats the boiler room.

Cooling is provided to most of the school, by the aforementioned rooftop air
conditioning units.

2.8.3 Description of Building Lighting

The Thomas E. Bowe School existing lighting system consists of 1X4 (1, 2 lamp), 2X2
(2 lamp), 2X4 (2, 3, 4 lamp) T8 linear fluorescent fixtures with electronic ballasts, metal
halide fixtures, incandescent fixtures, and CFL fixtures. See Section 4 for a more
detailed description.

2.9 Miscellaneous Equipment

It was noted that the School District has Energy Star appliances and copiers. It is
recommended that the District continue with implementing the standardized use of
Energy Star appliances as the need arises. Energy Star appliances not only reduce the
District’s utility bills, but also outperform standard appliances due to the improved
design and advanced technologies.

In addition to replacing old appliances with Energy Star appliances, the following two
maintenance procedures can work to save the energy consumed by the District’s
refrigerators. One is cleaning dirty condenser coils twice a year. A refrigerator’s
condenser coils and cooling fins are located either under the unit behind a grille in the
front or on the back of the appliance. The coils can be cleaned with a brush or vacuum
cleaner hose. The second source of wasted energy associated with a refrigerator is the
door seal. Realigning the door or replacing a no longer airtight door seal will work to
improve energy efficiency.

It may also be considered that the “Vending Misers’ be purchased and utilized for
vending machines throughout the District’s facilities. A “Vending Miser” powers
down a vending machine when the surrounding area is unoccupied and
automatically repowers when the area is occupied, utilizing an infrared sensor.
Similarly to occupancy sensors on lighting fixtures; however, the vending miser also
monitors the ambient temperature while the vending machine is powered down and
uses this as sort of an internal thermostat to power up the machine and ensure that
the drinks remain cold. The implementation of a “Vending Miser” also reduces
maintenance costs and extends the life of the machine, by reducing the number of
compressor cycles. A “Vending Miser’ is a $180 investment, but has been found to
reduce power consumption of a cold drink vending machine by an average of 46%.
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3.1 Utility Data Analysis

The first step in the energy audit process is the compilation and quantification of the
facility’s current and historical energy usage and associated utility costs. It is
important to establish the existing patterns of electric and gas usage in order to be
able to identify areas in which energy consumption can be reduced.

For this study, the monthly gas and electric bills per facility were analyzed and unit
costs of energy were obtained. The unit cost of energy, as determined from the
information provided by the School District, was utilized in determining the
feasibility of switching from one energy source to another or reducing the demand on
that particular source of energy to create annual cost savings for the District.

3.1.1 Electric Charges

It is important to understand how the utility companies charge for the service. The
majority of the energy consumed is electric, as a result of both indoor and outdoor
lighting and heating, ventilating and air-conditioning equipment. Electricity is
charged by three basic components: electrical consumption (kWh), electrical demand
(kW) and power factor (kVAR) (reactive power). The cost for electrical consumption is
similar to the cost for fuel oil, the monthly consumption appears on the utility bill as
kWh consumed per month with a cost figure associated with it. The service
connections are either billed on a flat rate or time of day rates per kWh.

Electrical demand can be as much as 50 percent or more of the electric bill. The
maximum demand (kW value) during the billing period is multiplied by the demand
cost factor and the result is added to the electric bill. It is often possible to decrease the
electric bill by 15 - 25 percent by reducing the demand, while still using the same
amount of energy.

The power factor (reactive power) is the power required to energize electric and
magnetic fields that result in the production of real power. Power factor is important
because transmission and distribution systems must be designed and built to manage
the need for real power as well as the reactive power component (the total power). If
the power factor is low, then the total power required can be greater than 50 percent
or more than the real power alone. The power factor charge is a penalty for having a
low power factor. This penalty does not affect the District.

The other parts of the electric bill are the supply charges, delivery charges, system
benefits, transmission revenue adjustments, state and municipality tariff surcharges
and sales taxes, which cannot be avoided.

3-1



Section 3
Baseline Energy Use

Atlantic City Electric is the current distributor of electric energy for the Glassboro
School District and South Jersey Energy Company is the third party supplier of
electricity.

3.1.2 Natural Gas Charges

South Jersey Energy and Pepco are the current distributors and suppliers of natural
gas for the school facilities. The school facilities are charged for the cost of the natural
gas, a delivery charge and a customer charge, which covers gas administration
charges.

3.2 Facility Results
3.2.1 Beach Administration Building

Electric power for the Beach Administration Building is fed from five General
Secondary Service 3-phase lines from Atlantic City Electric. Figure 3.2-1 illustrates the
average monthly total energy consumption from December 2007 through December
2009. For example, for the month of October, the bar graph represents average energy
consumption for October 2008 and October 2009. This same graphical representation
approach has been carried through for all months and is typical for all graphs
presented in this Section. Electrical usage has been averaged by month for the above
referenced time period to portray a more encompassing monthly usage trend.

From this graph, it can be determined that the average annual electrical consumption
for the Beach Administration Building is approximately 12,800 kWh / month.

Figure 3.2-1: Beach Administration Building Electrical Usage
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Figure 3.2-2 illustrates the average monthly demand load for the Beach
Administration Building from December 2007 through December 2009.

Figure 3.2-2: Beach Administration Building Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City

Electric.

Acct #: 0181 9579 9996

Customer Charge:

$93.33

Distribution Charge:

$5.34/kW (First 25.00)
$5.3394/kW (After 6.60)

$0.001740/kWh (First 10398)

Market Transition Charge:

$0.002076/kWh (First 10398)

Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004026/kWh
Societal Benefits Charge: $0.008153/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh

Regulatory Assets Recovery Charge:

$0.000632/kWh
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Acct #: 0181 8539 9997

Customer Charge:

$0.16/day

Distribution Charge:

$0.0425/kWh

Market Transition Charge: $0.0025/kWh

Transition Bond Charge: $0.003750/kWh
Non-Utility Generation Charge: $0.003750/kWh
Societal Benefits Charge: $0.008750/kWh

Regulatory Assets Recovery Charge:

$0.001250/kWh

Acct #: 0181 9539 9995

Customer Charge: $0.16/day
s $0.043107/kWh
Distribution Ch :
istribution Charge $3.80001/kW

Market Transition Charge:

$0.002087/kWh

Transition Bond Charge: $0.005922/kWh
Non-Utility Generation Charge: $0.008155/kWh
Societal Benefits Charge: $0.008155/kWh
Infrastructure Investment Surcharge: $0.000049/kWh
System Control Charge: $0.000049/kWh

Regulatory Assets Recovery Charge:

$0.000631/kWh

Acct #: 0090 0479 9996

Customer Charge:

$0.16/day

Distribution Charge:

$0.42941/kWh

Market Transition Charge:

$0.002353/kWh
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Transition Bond Charge: $0.005882/kWh
Non-Utility Generation Charge: $0.004118/kWh
Societal Benefits Charge: $0.008235/kWh

Regulatory Assets Recovery Charge:

$0.000588/kWh

Acct #: 1068 2249 9997

Customer Charge: $0.16/day

Distribution Charge: $0.043069/kWh
Market Transition Charge: $0.002079/kWh
Transition Bond Charge: $0.005941/kWh
Non-Utility Generation Charge: $0.004059/kWh
Societal Benefits Charge: $0.008119/kWh
Infrastructure Investment Surcharge: $0.000099/kWh
System Control Charge: $0.000099/kWh

Regulatory Assets Recovery Charge:

$0.000594/kWh

Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

The gas usage for the Beach Administration Building is metered at one location. The
monthly average gas consumption from December 2007 through December 2009 at
the building is illustrated in Figure 3.2-3.
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Figure 3.2-3: Beach Administration Building Natural Gas Usage
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For more information on the Beach Administration Building’s gas usage, refer to
Section 4.3.

3.2.2 Dorothy Bullock School

Electric power for the Dorothy Bullock School is fed from one General Secondary
Service 3-phase line from Atlantic City Electric. Figure 3.2-4 illustrates the average
monthly total energy consumption from December 2007 through December 2009.
From this graph, it can be determined that the annual average electrical consumption
for the Dorothy Bullock School is approximately 83,000 kWh / month.

Figure 3.2-4: Dorothy Bullock School Electrical Usage
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Figure 3.2-5 illustrates the monthly demand load for the Dorothy Bullock School from
December 2007 through December 2009.

Figure 3.2-5: Dorothy Bullock School Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City
Electric.

Acct #: 1148 5439 9994
Customer Charge: $93.33
K R E)

$0.001740/kWh

Market Transition Charge: $0.002076/kWh (First 58800)
Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004026/kWh
Societal Benefits Charge: $0.008154/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh
Regulatory Assets Recovery Charge: $0.000632/kWh

CDM 3-7



Section 3
Baseline Energy Use

Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

The Dorothy Bullock School’s monthly average natural gas consumption from
December 2007 through December 2009 is illustrated in Figure 3.2-6.

Figure 3.2-6: Dorothy Bullock School Natural Gas Usage
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3.2.3 Elsmere School

Electric power for Elsmere School is fed from one General Secondary Service 3-phase
line from Atlantic City Electric. Figure 3.2-7 illustrates the average monthly total
energy consumption from December 2007 through December 2009. From this graph,
it can be determined that the average annual electrical consumption for the Elsmere
School is approximately 2,100 kWh / month.

Figure 3.2-7: Elsmere School Electrical Usage
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Figure 3.2-8 illustrates the monthly demand load for the Elsmere School from
December 2007 through December 2009.

Figure 3.2-8: Elsmere School Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City
Electric.

Acct #: 0224 0649 9990
Customer Charge: $4.80

$3.80001/kW
$0.043100/kWh (First 300)
$0.021389/kWh (Next 900)
$0.021392/kWh (Last 2134)

Distribution Charge:

$0.002067/kWh (First 300)
Market Transition Charge: $0.002078/kWh (Next 900)
$0.002076/kWh (Last 2134)

Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004025/kWh
Societal Benefits Charge: $0.008152/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh
Regulatory Assets Recovery Charge: $0.000633/kWh
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Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

Elsmere School’s monthly average natural gas consumption from December 2007
through December 2009 is illustrated in Figure 3.2-9.

Figure 3.2-9: Elsmere School Natural Gas Usage
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3.2.4 Glassboro High School

Electric power for the Glassboro High School is fed from three General Secondary
Service lines from Atlantic City Electric. The Glassboro High School also has
generation supplied by South Jersey Energy. Figure 3.2-10 illustrates the average
monthly total energy consumption from December 2007 through December 2009.
From this graph, it can be determined that the annual average electrical consumption
for the Glassboro High School is approximately 127,000 kWh / month.

CDM 3-10



Section 3
Baseline Energy Use

Figure 3.2-10: Glassboro High School Electrical Usage
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Figure 3.2-11 illustrates the monthly demand load for the Glassboro High School from
December 2007 through December 2009.

Figure 3.2-11: Glassboro High School Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City
Electric.
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Acct #: 1148 5439 9937

Customer Charge:

$6.60

Distribution Ceiling Limit:

$0.047671/kWh

Market Transition Charge:

$0.002091/kWh (First 330)
$0.002081/kWh (Next 990)
$0.002078/kWh (Last 664)

Transition Bond Charge: $0.005917/kWh
Non-Utility Generation Charge: $0.004027/kWh
Societal Benefits Charge: $0.008150/kWh
Infrastructure Investment Surcharge: $0.000055/kWh
System Control Charge: $0.000066/kWh

Regulatory Assets Recovery Charge:

$0.000630/kWh

Acct #: 0181 9549 9993

Customer Charge:

$93.33

Distribution Charge:

$5.34/kWh (First 25.00)
$5.34/kWh (Next 255.80)

$0.001740/kWh (First 82500)
$0.001704/kWh (Next 10164)
$0.001704/kWh (Last 12936)

Market Transition Charge:

$0.002076/kWh (First 82500)
$0.002076/kWh (Next 10164)
$0.002076/kWh (Last 12936)

Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004026/kWh
Societal Benefits Charge: $0.008154/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh

Regulatory Assets Recovery Charge:

$0.000632/kWh
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Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

Glassboro High School’s monthly average natural gas consumption from December
2007 through December 2009 is illustrated in Figure 3.2-12.

Figure 3.2-12: Glassboro High School Natural Gas Usage
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3.2.5 Glassboro Intermediate School

Electric power for the Glassboro Intermediate School is fed from one General
Secondary Service 3-phase line from Atlantic City Electric. Figure 3.2-13 illustrates
the average monthly total energy consumption from December 2007 through
December 2009. From this graph, it can be determined that the average annual

electrical consumption for the Glassboro Intermediate School is approximately 80,000
kWh / month.

Figure 3.2-13: Glassboro Intermediate School Electrical Usage
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Figure 3.2-14 illustrates the monthly demand load for the Glassboro Intermediate
School from December 2007 through December 2009.

Figure 3.2-14: Glassboro Intermediate School Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City
Electric.

Acct #: 3234 5689 9984

Customer Charge: $93.33
$5.34/kW (First 25.00)
Distribution Charge: $5.34/kKW (After 266.00)
$0.001740/kWh

Market Transition Charge: $0.002076/kWh (First 59700)
Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004026/kWh
Societal Benefits Charge: $0.008154/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh
Regulatory Assets Recovery Charge: $0.000632/kWh

3-14



Section 3
Baseline Energy Use

Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

Glassboro Intermediate School’s monthly average natural gas consumption from
December 2007 through December 2009 is illustrated in Figure 3.2-15.

Figure 3.2-15: Glassboro Intermediate School Natural Gas Usage
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3.2.6 Glassboro Intermediate School Annex

Electric power for the Glassboro Intermediate School Annex is fed from one General
Secondary Service 3-phase line from Atlantic City Electric. Figure 3.2-16 illustrates
the average monthly total energy consumption from December 2007 through
December 2009. From this graph, it can be determined that the average annual
electrical consumption for the Glassboro Intermediate School Annex is approximately
600 kWh / month.

Figure 3.2-16: Glassboro Intermediate School Annex Electrical Usage
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Figure 3.2-17 illustrates the monthly demand load for the Glassboro Intermediate
School Annex from December 2007 through December 2009.

Figure 3.2-17: Glassboro Intermediate School Annex Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City
Electric.

Acct #: 0182 3179 9992

Customer Charge: $4.80
Distribution Ceiling Limit: $0.047714/kWh
Market Transition Charge: $0.002095/kWh (First 105)
Transition Bond Charge: $0.005905/kWh
Non-Utility Generation Charge: $0.004000/kWh
Societal Benefits Charge: $0.008095/kWh
Infrastructure Investment Surcharge: $0.000095/kWh
System Control Charge: $0.000095/kWh
(R:ﬁg:git:ory Assets Recovery $0.000667/KWh
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Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

Glassboro Intermediate School Annex’s monthly average natural gas consumption
from December 2007 through December 2009 is illustrated in Figure 3.2-18.

Figure 3.2-18: Glassboro Intermediate School Annex Natural Gas Usage
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3.2.7 J. Harvey Rodgers School

Electric power for J. Harvey Rodgers School is fed from one General Secondary
Service 3-phase line from Atlantic City Electric. Figure 3.2-19 illustrates the average
monthly total energy consumption from December 2007 through December 2009.
From this graph, it can be determined that the average electrical consumption for the
J. Harvey Rodgers School is approximately 31,600 kWh / month.

Figure 3.2-19: J. Harvey Rodgers School Electrical Usage
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Figure 3.2-20: J. Harvey Rodgers School Maximum Monthly Demand
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Figure 3.2-20 illustrates the monthly demand load for the J. Harvey Rodgers School
from December 2008 through December 2009.

The charges listed below can be found on the electrical bills provided by Atlantic City

Electric.
Acct #: 0222 5479 9954
Customer Charge: $93.33
$5.34/kW (First 25.00)
Distribution Charge: $5.34/kW (After 123.00)
$0.001740/kWh
Market Transition Charge: $0.002076/kWh (First 29200)
Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004026/kWh
Societal Benefits Charge: $0.008154/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh
Regulatory Assets Recovery Charge: $0.000632/kWh
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Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

J. Harvey Rodgers School’s monthly average natural gas consumption from December
2007 through December 2009 is illustrated in Figure 3.2-21.

Figure 3.2-21 J. Harvey Rodgers School Natural Gas Usage
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3.2.8 Thomas E. Bowe School

Electric power for the Thomas E. Bowe School is fed from two General Secondary
Service 3-phase lines from Atlantic City Electric. Figure 3.2-22 illustrates the average
monthly total energy consumption from December 2007 through December 2009.
From this graph, it can be determined that the average annual electrical consumption
for the Thomas E. Bowe School is approximately 80,000 kWh / month.
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Figure 3.2-22: Thomas E. Bowe School Electrical Usage
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Figure 3.2-23 illustrates the monthly demand load for the Thomas E. Bowe School
from December 2007 through November 2009.

Figure 3.2-23: Thomas E. Bowe School Maximum Monthly Demand
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The charges listed below can be found on the electrical bills provided by Atlantic City
Electric.
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Acct #: 1068 2249 9963

Customer Charge: $90.22
S

$0.001740/kWh
Market Transition Charge: $0.002076/kWh (First19137)
Transition Bond Charge: $0.005918/kWh
Non-Utility Generation Charge: $0.004026/kWh
Societal Benefits Charge: $0.008154/kWh
Infrastructure Investment Surcharge: $0.000057/kWh
System Control Charge: $0.000066/kWh
Regulatory Assets Recovery Charge: $0.000632/kWh

Refer to Table 3.3-1, in Section 3.3 for the average electrical aggregate cost. These
tariffs are subject to change quite frequently. Refer to Appendix A for a complete
Historical Data Analysis.

Thomas E. Bowe School’s monthly average natural gas consumption from December
2007 through December 2009 is illustrated in Figure 3.2-24.

Figure 3.2-24: Thomas E. Bowe School Natural Gas Usage
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3.3 Aggregate Costs

For the purposes of computing energy savings for all identified energy conservation
and retrofit measures, aggregate unit costs for electrical energy and fuel, in terms of
cost/kWh and cost/therm, were determined for each service location and utilized in
the simple payback analyses discussed in subsequent sections. The aggregate unit cost
accounts for all distribution and supply charges for each location. Table 3.3-1 and
Table 3.3-2 summarize the aggregate costs for electrical energy consumption and
therms utilized, respectively.

Table 3.3-1: Electrical Aggregate Unit Costs

Service Location Aggregate $ / kW-hr
Beach Administration Building $0.15
Dorothy Bullock School $0.15
Elsmere School $0.16
Glassboro High School $0.13
Glassboro Intermediate School $0.14
Glassboro Intermediate School Annex $0.17
J. Harvey Rodgers School $0.15
Thomas E. Bowe School $0.14

Table 3.3-2: Natural Gas Aggregate Unit Costs

Service Location Aggregate $/ Therm
Beach Administration Building $1.45
Dorothy Bullock School $1.37
Elsmere School $1.41
Glassboro High School $1.41
Glassboro Intermediate School $1.42
Glassboro Intermediate School Annex $1.48
J. Harvey Rodgers School $1.37
Thomas E. Bowe School $1.37
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3.4 Portfolio Manager

3.4.1 Portfolio Manager Overview

Portfolio Manager is an interactive energy management tool that allows the Glassboro
School District to track and assess energy consumption at the school facilities in a
secure online environment. Portfolio Manager can help the District set investment
priorities, verify efficiency improvements, and receive EPA recognition for superior
energy performance.

3.4.2 Energy Performance Rating

For many facilities, you can rate their energy performance on a scale of 1-100 relative
to similar facilities nationwide. Your facility is not compared to the other facilities
entered into Portfolio Manager to determine your ENERGY STAR rating. Instead,
statistically representative models are used to compare your facility against similar
facilities from a national survey conducted by the Department of Energy’s Energy
Information Administration. This national survey, known as the Commercial Building
Energy Consumption Survey (CBECS), is conducted every four years, and gathers
data on building characteristics and energy use from thousands of facilities across the
United States. Your facility’s peer group of comparison is those facilities in the CBECS
survey that have similar facility and operating characteristics. A rating of 50 indicates
that the facility, from an energy consumption standpoint, performs better than 50% of
all similar facilities nationwide, while a rating of 75 indicates that the facility performs
better than 75% of all similar facilities nationwide.

3.4.3 Portfolio Manager Account Information

A Portfolio Manager account has been established for the Glassboro School District,
which includes a profile for the eight (8) buildings. The Intermediate School Annex is
accounted for in the profile for the Intermediate School. Information entered into this
Portfolio Manager Facility profile, including electrical energy consumption and
natural gas consumption has been used to establish a performance baseline.

It is recommended that the information be updated each month to track the buildings’
energy usage. The buildings received the following ratings:

Beach Administration Building - 6

Dorothy Bullock School - 34

Elsmere School - 58

Glassboro High School - 18

Glassboro Intermediate School & Annex - 13
J. Harvey Rodgers School - 59

Thomas E. Bowe School - 21

Appendix B contains the Statement of Energy Performance for each building and a
Portfolio Manager Reference sheet.
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The following website link, username and password shall be used to access the
Portfolio Manager account and building profiles that has been established for the
District:

https:/ /www.energystar.cov/istar/pmpam/

USERNAME: Glassboro

PASSWORD: EnergyStar
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4.1 Building Lighting Systems

The goal of this section is to present any lighting energy conservation measures that
may also be cost beneficial. It should be noted that replacing current bulbs with more
energy-efficient equivalents will have a small effect on the building heating and
cooling loads. The building cooling load will see a small decrease from an upgrade to
more efficient bulbs and the heating load will see a small increase, as the more energy
efficient bulbs give off less heat.

Two options are offered for all buildings, with the exception of the Glassboro
Intermediate School Annex, which already has energy efficient exterior fixtures. The
first option will be for upgrading existing interior lighting, if applicable. The second
option will be for upgrading existing exterior lighting, if applicable. A total cost for
upgrading both options at the same time will be presented. Refer to Appendix D for
more information.

The strategies included in this section focus on maximizing energy savings and
maintaining or exceeding existing lighting levels, while also maintaining the existing
look of each fixture; therefore, proposed lamp styles remain consistent with existing
lamp styles. Please refer to Appendix D for a line-by-line proposed detailed lighting
upgrades list.

It should be noted that the Engineer’s Estimate of Probable Construction Costs
presented herein are estimates based on historic data compiled from similar
installations and engineering opinions. Additional engineering will be required for
each measure identified in this report and final scope of work and budget cost
estimates will need to be confirmed prior to the coordination of project financing or
the issuance of a Request for Proposal.

4.1.1 Beach Administration Building

It is recommended that the existing lighting system at the Beach Administration
Building, as discussed in Section 2.1.3, be upgraded to high efficiency standards to
create lighting uniformity throughout the building. In general, the recommended
lighting upgrade project, as presented in Appendix D, involves replacing existing
inefficient bulbs, and installing new energy-efficient luminaries to the existing
lighting systems. Two options have also been proposed in Appendix D for interior
and exterior lighting, and are listed in Table 4.1-1 below.
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Table 4.1-1
Beach Administration Building Lighting System Improvements

Interior High Performance T8 Retrofits of T12 fixtures, Incandescent to Compact Fluorescent
Lighting Conversion, Installation of Occupancy Sensors

Exterior Induction Lighting Replacement for Exterior Fixtures

Lighting

The annual energy savings for the two options is as follows:

Interior Lighting: 0.0 kW, 28.1 kWh and $4.2

Exterior Lighting: 0.6 kW, 2,871.8 kWh and $430.8

The following table, Table 4.1-2, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the Beach
Administration Building. Included in this simplified payback analysis summary table
is the “Annual Return on Investment’ (AROI) values. This value is a performance
measure used to evaluate the efficiency of an investment and is calculated using the
following equation:

AECS + 0CS 1

AROI = —
NET ECM Cost Lifetime

Where OCS = Operating Cost Savings, and AECS = Annual Energy Cost Savings.

Also included in the table are net present values for each option. The NPV calculates
the present value of an investment’s future cash flows based on the time value of
money, which is accounted for by a discount rate (DR) (assume bond rate of 3%).
NPV is calculated using the following equation:

N
NPV = Z Cn
~ Li(1+DR)"
n=0

Where Cn=Annual cash flow, and N = number of years.

The IRR expresses an annual rate that results in a break-even point for the investment.
If the School District is currently experiencing a lower return on their capital than the
IRR, the project is financially advantageous. This measure also allows the School

District to compare ECM’s against each other to determine the most appealing
choices.

IRR - 0 i Cn
- 0= e —
4 (1L+IRR)"
n:
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Where Cn=Annual cash flow, and N = number of years.
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The lifetime energy savings represents the cumulative energy savings over the

assumed life of the ECM.
Table 4.1-2
Beach Administration Building Lighting System Improvements***

Interior Exterior Total

Lighting Lighting
Engineer's Opinion of Probable Cost $912.0 $1,845.8 $2,757.8
New Jersey SmartStart Rebate -$120* -$0* -$120*
Total Cost $792.1 $1,845.8 $2,637.8
Annual Energy Savings $4.2 $430.8 $435.0
Annual Maintenance Cost Savings (AMCS) $1.09 $235.8 $236.9
Simple Payback 149.3 years 2.8 years 3.9 years
Annual Return on Investment (AROI) -6.00% 29.50% 18.8%
Lifetime Energy Savings (15 years)** $78.12 $8,012.4 $8,090.5
Internal Rate of Return (IRR) NA 38.70% 27.42%
Net Present Value (NPV) -$715.1 $7,861.8 $7,146.9

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,

see Appendix G.
**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.

4.1.2 Dorothy Bullock School

It is recommended that the existing lighting system at the Dorothy Bullock School, as
discussed in Section 2.2.3, be upgraded to high efficiency standards to create lighting
uniformity throughout the building. In general, the recommended lighting upgrade
project, as presented in Appendix D, involves replacing existing inefficient bulbs, and
installing new energy-efficient luminaries to the existing lighting systems. Two
options have also been proposed in Appendix D for interior and exterior lighting, and
are listed in Table 4.1-3 below.
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Table 4.1-3
Dorothy Bullock School Lighting System Improvements
Interior Incandescent to Compact Fluorescent Conversion, Installation of Occupancy Sensors,
Lighting Metal Halide High Bay Fixture Conversion to High Bay Fluorescent Fixtures
Exterior Induction Lighting Replacement for Exterior Fixtures
Lighting

The annual energy savings for the two options is as follows:

Interior Lighting: 9.3 kW, 31,805.5 kWh and $4,770.8

Exterior Lighting: 1.4 kW, 6,632.1 kWh and $994.8

The following table, Table 4.1-4, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the Dorothy

Bullock School.

Table 4.1-4
Dorothy Bullock School Lighting System Improvements***

Interior Exterior Total

Lighting Lighting
Engineer’s Opinion of Probable Cost $26,775.6 $22,295.6 $49,071.2
New Jersey SmartStart Rebate -$4,735* -$0* -$4,735*
Total Cost $22,040.6 $22,295.6 $44,336.2
Annual Energy Savings $4,770.8 $994.8 $5,765.6
Annual Maintenance Cost Savings $150.7 $10.95 $161.62
(AMCS)
Simple Payback 4.5 years 22.2 years 7.5 years
Annual Return on Investment (AROI) 15.66% -2.16% 6.70%
Lifetime Energy Savings (15 years)** $88,731.7 $18,502.2 $107,233.9
Internal Rate of Return (IRR) 23.94% -1.99% 13.07%
Net Present Value (NPV) $49,631.3 -$7,648.8 $41,982.5

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,

see Appendix G.
**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

It should be noted that the Annual Energy Savings assume the annual hours per year

of operation as outlined under the columns entitled “Proposed Operational Hours

without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.
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4.1.3 Elsmere School

It is recommended that the existing lighting system at the Elsmere School, as
discussed in Section 2.3.3, be upgraded to high efficiency standards to create lighting
uniformity throughout the building. In general, the recommended lighting upgrade
project, as presented in Appendix D, involves replacing existing inefficient bulbs, and
installing new energy-efficient luminaries to the existing lighting systems. Two
options have also been proposed in Appendix D for interior and exterior lighting, and
are listed in Table 4.1-5 below.

Table 4.1-5
Elsmere School Lighting System Improvements
Interior Incandescent to Compact Fluorescent Conversion, Installation of Occupancy Sensors
Lighting
Exterior Induction Lighting Replacement for Exterior Fixtures
Lighting

The annual energy savings for the two options is as follows:
Interior Lighting: 0.1 kW, 566.2 kWh and $90.6
Exterior Lighting: 0.4 kW, 1,880.5 kWh and $300.9

The following table, Table 4.1-6, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the Elsmere
School.

Table 4.1-6
Elsmere School Building Lighting System Improvements***

Interior Exterior Total

Lighting Lighting
Engineer’s Opinion of Probable Cost $1,086.8 $5,945.5 $7,032.3
New Jersey SmartStart Rebate -$O**xx -$O**rx 0
Total Cost $1,086.8 $5,945.5 $7,032.3
Annual Energy Savings $90.6 $300.9 $391.5
Annual Maintenance Cost Savings $47.01 $7.3 $54.31
(AMCS)
Simple Payback 7.9 years 19.3 years 15.8 years
Annual Return on Investment (AROI) 6.00% -1.48% -0.33%
Lifetime Energy Savings (15 years)** $1,685.1 $5,596.4 $7,281.5
Internal Rate of Return (IRR) 12.11% -0.42% 1.99%
Net Present Value (NPV) $917.23 -$1,457.2 -$539.32
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* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,
see Appendix G.

**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

**** No incentives are available for this building due to the lack of incentives for the replacements being
made.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.

4.1.4 Glassboro High School

It is recommended that the existing lighting system at the Glassboro High School, as
discussed in Section 2.4.3, be upgraded to high efficiency standards to create lighting
uniformity throughout the building. In general, the recommended lighting upgrade
project, as presented in Appendix D, involves replacing existing inefficient bulbs, and
installing new energy-efficient luminaries to the existing lighting systems. Two
options have also been proposed in Appendix D for interior and exterior lighting, and
are listed in Table 4.1-7 below.

Table 4.1-7
Glassboro High School Lighting System Improvements
Interior Incandescent to Compact Fluorescent Conversion, Installation of Occupancy Sensors,
Lighting Metal Halide High Bay Fixture Conversion to High Bay Fluorescent Fixtures
Exterior Induction Lighting Replacement for Exterior Fixtures
Lighting

The annual energy savings for the two options is as follows:
Interior Lighting: 10.9 kW, 36,147.2 kWh and $4,699.1
Exterior Lighting: 4.8 kW, 24,737.5 kWh and $3,215.9
The following table, Table 4.1-8, summarizes a simple payback analysis assuming the

implementation of all recommended lighting system improvements at the Glassboro
High School.

Table 4.1-8
Glassboro High School Lighting System Improvements***

Interior Exterior Total
Lighting Lighting
Engineer’s Opinion of Probable Cost $28,547.3 $32,734.8 $61,282.1
New Jersey SmartStart Rebate -$5.060* -$1,050* -$6,110
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Table 4.1-8
Glassboro High School Lighting System Improvements***

Total Cost $23,487.3 $31,684.8 $55,172.1
Annual Energy Savings $4,699.1 $3,215.9 $7,915
Annual Maintenance Cost Savings $235.1 $28.32 $263.4
(AMCS)

Simple Payback 4.8 years 9.8 years 6.7 years
Annual Return on Investment (AROI) 14.34% 3.57% 8.16%
Lifetime Energy Savings (15 years)** $87,398.2 $59,812.3 $147,210.4
Internal Rate of Return (IRR) 22.44% 8.63% 14.98%
Net Present Value (NPV) $48,369.4 $15,561.1 $63,930.5

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,
see Appendix G.

**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.

4.1.5 Glassboro Intermediate School

It is recommended that the existing lighting system at the Glassboro Intermediate
School, as discussed in Section 2.5.3, be upgraded to high efficiency standards to
create lighting uniformity throughout the building. In general, the recommended
lighting upgrade project, as presented in Appendix D, involves replacing existing
inefficient bulbs, and installing new energy-efficient luminaries to the existing
lighting systems. Two options have also been proposed in Appendix D for interior
and exterior lighting, and are listed in Table 4.1-9 below.

Table 4.1-9
Glassboro Intermediate School Lighting System Improvements
Interior Incandescent to Compact Fluorescent Conversion, Installation of Occupancy Sensors
Lighting
Exterior Induction Lighting Replacement for Exterior Fixtures
Lighting

The annual energy savings for the two options is as follows:
Interior Lighting: 0.2 kW, 2,458.8 kWh and $334.2

Exterior Lighting: 0.5 kW, 1662.2 kWh and $232.7
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The following table, Table 4.1-10, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the Glassboro
Intermediate School.

Table 4.1-10
Glasshoro Intermediate School Lighting System Improvements***
Interior Exterior Total
Lighting Lighting
Engineer’s Opinion of Probable Cost $5,000.3 $8,175.1 $13,175.4
New Jersey SmartStart Rebate -$665* -$0* -$665*
Total Cost $4,335.3 $8,175.1 $12,510.4
Annual Energy Savings $344.2 $232.7 $576.9
Annual Maintenance Cost Savings 1175 $4.02 $121.6
(AMCS)
Simple Payback 9.4 years 34.5 years 17.9 years
Annual Return on Investment (AROI) 80.75% -3.77% 25.52%
Lifetime Energy Savings (15 years)** $68,297.1 $4,328 $72,626.9
Internal Rate of Return (IRR) 90.40% -6.53% 34.60%
Net Present Value (NPV) $50,853.5 -$4,727.7 $46,127.2

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,
see Appendix G.

**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.

4.1.6 Glassboro Intermediate School Annex

It is recommended that the existing lighting system at the Glassboro Intermediate
School Annex, as discussed in Section 2.6.3, be upgraded to high efficiency standards
to create lighting uniformity throughout the building. In general, the recommended
lighting upgrade project, as presented in Appendix D, involves replacing existing
inefficient bulbs, and installing new energy-efficient luminaries to the existing
lighting systems. One option has been proposed in Appendix D for interior lighting,
and is listed in Table 4.1-11 below.

Table 4.1-11
Glassboro Intermediate School Annex Lighting System Improvements

Interior
Lighting

Installation of Occupancy Sensors
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The annual energy savings is as follows:
Interior Lighting: 0.0 kW, 3,516.4 kWh and $597.8

The following table, Table 4.1-12, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the Glassboro
Intermediate School Annex.

Table 4.1-12
Glasshoro Intermediate School Annex Lighting System
Improvements***
Interior Lighting
Engineer’s Opinion of Probable Cost $1,268.6
New Jersey SmartStart Rebate -$210*
Total Cost $1,058.6
Annual Energy Savings $597.8
Annual Maintenance Cost Savings (AMCS) $O****
Simple Payback 1.8 years
Annual Return on Investment (AROI) 40.46%
Lifetime Energy Savings (15 years)** $11,118.4
Internal Rate of Return (IRR) 49.95%
Net Present Value (NPV) $7,437.2

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,
see Appendix G.

**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

**** No maintenance cost savings is attributed to the types of improvements being made.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.

4.1.7 J. Harvey Rodgers School

It is recommended that the existing lighting system at the ]J. Harvey Rodgers School,
as discussed in Section 2.7.3, be upgraded to high efficiency standards to create
lighting uniformity throughout the building. In general, the recommended lighting
upgrade project, as presented in Appendix D, involves replacing existing inefficient
bulbs, and installing new energy-efficient luminaries to the existing lighting systems.
Two options have also been proposed in Appendix D for interior and exterior
lighting, and are listed in Table 4.1-13 below.
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Table 4.1-13
J. Harvey Rodgers School Lighting System Improvements
Interior High Performance T8 Retrofits, Incandescent to Compact Fluorescent Conversion,
Lighting Occupancy Sensors
Exterior Induction Lighting Replacement for Exterior Fixtures
Lighting

The annual energy savings for the two options is as follows:

Interior Lighting: 3.2 kW, 10,415.6 kWh and $1,562.3

Exterior Lighting: 0.9 kW, 4,701.2 kWh and $705.2

The following table, Table 4.1-14, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the J. Harvey

Rodgers School.

Table 4.1-14

J. Harvey Rodgers School Lighting System Improvements***

Interior Exterior Total

Lighting Lighting
Engineer's Opinion of Probable Cost $8,751.5 $14,863.8 $23,615.3
New Jersey SmartStart Rebate -$1,780* -$0* -$1,780*
Total Cost $6,971.5 $14,863.8 $21,835.3
Annual Energy Savings $1,562.3 $705.2 $2,267.5
Annual Maintenance Cost Savings $244.6 $25.6 $270.1
(AMCS)
Simple Payback 3.9 years 20.3 years 8.6 years
Annual Return on Investment (AROI) 19.25% -1.75% 4.95%
Lifetime Energy Savings (15 years)** $29,057.1 $13,116 $42,173
Internal Rate of Return (IRR) 27.91% -1.03% 10.66%
Net Present Value (NPV) $19,341.9 -$4,221.8 $15,120

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,

see Appendix G.
**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.
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4.1.8 Thomas E. Bowe School

It is recommended that the existing lighting system at the Thomas E. Bowe School, as
discussed in Section 2.8.3, be upgraded to high efficiency standards to create lighting
uniformity throughout the building. In general, the recommended lighting upgrade
project, as presented in Appendix D, involves replacing existing inefficient bulbs, and
installing new energy-efficient luminaries to the existing lighting systems. Two
options have also been proposed in Appendix D for interior and exterior lighting, and
are listed in Table 4.1-15 below.

Table 4.1-15
Thomas E. Bowe School Lighting System Improvements
Interior Incandescent to Compact Fluorescent Conversion, Installation of Occupancy Sensors,
Lighting Metal Halide High Bay Fixture Conversion to High Bay Fluorescent Fixtures
Exterior Induction Lighting Replacement for Exterior Fixtures
Lighting

The annual energy savings for the two options is as follows:
Interior Lighting: 7.4 kW, 25,472.8 kWh and $3,566.2
Exterior Lighting: 6.9 kW, 35,345.9 kWh and $4,948.4

The following table, Table 4.1-16, summarizes a simple payback analysis assuming the
implementation of all recommended lighting system improvements at the Thomas E.
Bowe School.

Table 4.1-16
Thomas E. Bowe School Lighting System Improvements***

Interior Exterior Total

Lighting Lighting
Engineer’s Opinion of Probable Cost $19,948.9 $54,147.8 $74,096.7
New Jersey SmartStart Rebate -$3,585* -$1,330* -$4,915*
Total Cost $16,363.9 $52,817.8 $69,181.7
Annual Energy Savings $3,566.2 $4,948.4 $8,517.6
Annual Maintenance Cost Savings $120.5 $39.9 $160.5
(AMCS)
Simple Payback 4.4 years 10.6 years 8.0 years
Annual Return on Investment (AROI) 15.86% 2.78% 5.87%
Lifetime Energy Savings (15 years)** $66,327.5 $92,035 $158,362.3
Internal Rate of Return (IRR) 24.16% 7.41% 11.94%
Net Present Value (NPV) $37,326.5 $19,828 $57,154




Section 4
Energy Conservation and Retrofit Measures

* Additional incentives, based on eligibility, are available through the New Jersey SmartStart Program,
see Appendix G.

**3% yearly inflation on electricity costs.

***See Appendix H & I for ECRM Financial Analyses.

It should be noted that the Annual Energy Savings assume the annual hours per year
of operation as outlined under the columns entitled “Proposed Operational Hours
without Sensors” and “Proposed Operational Hours with Sensors” in Appendix D.

4.2 HVAC Systems

The goal of this section is to present any heating and cooling energy reduction and
cost saving measures that may also be cost beneficial. Where possible, measures will
be presented with a life-cycle cost analysis. This analysis displays a payback period
based on weighing the capital cost of the measure against predicted annual fiscal
savings. To do this, the buildings have been modeled as accurately as possible to
predict energy usage for space heating and cooling, as well as domestic hot water use.

Each building is modeled using software called eQuest, a Department of Energy-
sponsored energy modeling program, to establish a baseline space heating and
cooling energy usage. Climate data from Glassboro, NJ was used for analyses. From
this, the model may be calibrated, using historical utility bills, to predict the impact of
theoretical energy savings measures.

Once annual energy savings from a particular measure have been predicted and the
initial capital cost has been estimated, payback periods may be approximated.
Equipment cost estimate calculations are provided in Appendix H.

4.2.1 Beach Administration Building

A model of the Beach Administration Building was created in eQuest to predict
heating and cooling loads for the building. To calibrate this model, CDM used
electricity and natural gas bills from January, 2008 through November, 2009. Figure
4.2.1-1 below compares actual monthly electricity usages, with those predicted by the
eQuest model. Historical monthly usages were averaged for each month observed
over multiple years. For example, usage during the month of June was averaged for
the two years, to yield an approximate average usage during the month of June.
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Figure 4.2.1-1: Beach Administration Building Electricity Usage
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The spike in June could be attributed to the cooling units running at lower
temperatures and/or running for longer periods of time. The electric usage in June of
2008 is 29% higher than the highest usage of any month throughout the 23 months of
supplied data. The annual predicted electricity usage was still within 3% of the actual
usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM'’s field audit. Figure 4.2.1-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.1-2: Beach Administration Building Electricity Usage Breakdown
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Figure 4.2.1-3 below compares actual electrical demand to model-predicted electrical
demand.
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Figure 4.2.1-3: Beach Administration Building Electric Demand
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Figure 4.2.1-4 below compares actual natural gas usage to model-predicted natural
gas use. The gas consumption is mostly attributed to two (2) gas fired furnaces that
provide heating for the building. The annual predicted gas usage was modeled
within 10% of the actual usage.
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Figure 4.2.1-4: Beach Administration Building Gas Usage
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The existing HVAC equipment appeared to be in good condition and did not warrant
immediate replacement. CDM therefore had no HVAC-related recommendations for
this building.

Over several decades, ASHRAE has compiled data pertaining to service lives of most
HVAC related equipment. From this, ASHRAE indicates a median service life (life
until replacement) for HVAC related equipment that may be used as an estimate for
the useful life of HVAC equipment currently in service. For example, ASHRAE
indicates a make-up air unit has a median service life of 20 years. Therefore, if a make-
up air unit has been in service for more than 20 years, the owner may want to
consider replacement. Not only will a replacement ensure minimal downtime
between units (the unit is replaced before it ceases to function), but it will also
maintain rated system efficiency, as efficiency tends to decrease with age.

All major equipment noted during CDM'’s on site audit is listed in Table 4.2.1-1 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.
Where equipment ages were not found on the equipment tags, they have been
estimated based on the unit appearance or approximate renovation dates. In some
cases, service locations may have been estimated based on unit proximity.
Additionally, in cases where a unit’s manufacturer and/or model could not be
determined due to an unreadable, faded, destroyed, or lost tag, manufacturer and
model number information has been represented as “unknown”.

Table 4.2.1-1 Beach Administration Building HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description Location Location | Manufacturer Model Efficiency | (Years) (Years)
Mechanical
Duct Furnace Closet Office Sterling CD-200 77% Unknown 18
Server
Room
Duct Furnace Closet Office Sterling CD-200 77% Unknown 18
Portable Air Server Server
Conditioning Unit Room Room Sea Breeze PSAS12B 9 EER Unknown 15
Server Server
Portable AC Unit Room Room Sea Breeze PSAS12B 9 EER Unknown 15
Wall Mounted Air Server Server
Conditioning Unit Room Room Sanyo KS2432A ~ 17 SEER 8 15
Outside
Northwest
Condensing Unit Wall Office Trane BTA9900300K0 | Unknown | Unknown 15
Outside
Northwest
Condensing Unit Wall Office Sanyo CL2432 ~17 SEER 16 15
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CDM also takes an inventory of the observed domestic water heaters. This will inform
the District of any water heaters that are in need of replacement. Equipment observed
to be in poor or aging condition would warrant replacement, as they are likely not

operating at peak efficiency. This domestic water heater inventory may be seen as
Table 4.2.1-2 below.

Table 4.2.1-2 Beach Administration Building Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Mechanical Bradford
Closet White 40 Gas 40 MBH 7

4.2.2 Dorothy Bullock School

A model of the Dorothy Bullock School was created in eQuest to predict heating and
cooling loads for the building. To calibrate this model, CDM used electricity and
natural gas bills from January, 2008 through November, 2009. Figure 4.2.2-1 below
compares actual monthly electricity usages, with those predicted by the eQuest
model. Historical monthly usages were averaged for each month observed over
multiple years. For example, usage during the month of June was averaged for the
two years, to yield an approximate average usage during the month of June.

Figure 4.2.2-1: Dorothy Bullock School Electricity Usage
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The spike in May is extremely unusual considering it is a shoulder month (low
heating, low cooling loads). The electric usage in May of 2008 is 37% higher than the
highest usage of any month throughout the 23 months of supplied data. The annual
predicted electricity usage was still within 3% of the actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM’s field audit. Figure 4.2.2-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.2-2: Dorothy Bullock School Usage Breakdown
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Figure 4.2.2-3 below compares actual natural gas usage to model-predicted natural
gas use. While some natural gas is used for domestic water heating and cooking, the
boilers account for the majority of the natural gas usage at the school. The annual
predicted gas usage was modeled within 2% of the actual usage.
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Figure 4.2.2-3: Dorothy Bullock School Natural Gas Usage
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Currently, the heating system utilizes two (2) gas-fired Weil McLain cast iron boilers,
each with an input rating of 2,396 MBH. A hot water gross I=B=R rating of 1,904
MBH gives each of these boilers a combustion efficiency of 79%.

CDM recommends replacing these boilers with a system of high-efficiency,
condensing boilers.

CDM anticipates that two (2) 2,500 MBH input high-efficiency condensing boilers
should adequately heat the school.

Figure 4.2.2-4 compares current gas usage with predicted gas usage resulting from a
switch to high-efficiency, condensing boilers. Condensing boilers are modeled with a
full-load efficiency of 92% and return water temperature as low as 100°F in mild
weather.

Figure 4.2.2-4: Dorothy Bullock School — Boiler Upgrade - Natural Gas Usage
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Fiscal savings from such an upgrade are then identified in Table 4.2.2-1 below.
Lifetime savings calculations for all ECRM’s may be found in Appendix L. It’s
important to note that these are estimates based on building models, and further
investigation is warranted before pursuing boiler replacements.

Due to the improved automation and control within modern condensing boilers, their
operation and maintenance costs tend to be less than those of typical cast iron boilers.
CDM estimates a cast iron boiler system will typically cost around $3,500 per year for
regular preventative maintenance, whereas a condensing boiler system would cost
around $2,000 per year. Therefore, replacing the existing boilers with condensing
boilers should result in an operation and maintenance cost savings of $1,500 per year.

Table 4.2.2-1: Dorothy Bullock School Boiler Upgrade Payback
Predicted Annual Savings (Therms) 13,513
Total Annual Savings $18,513
Initial Capital Cost of Upgrade $182,563
Incentives** $5,000
Cost of Upgrade $177,563
Simple Payback 8.9
Lifetime Energy Savings (24 years)* $563,200
Annual Maintenance Cost Savings (AMCS) $1,500
Annual Return on Investment (AROI) 7.10%
Internal Rate of Return (IRR) 13.07%
Net Present Value (NPV) $288,759

*Assumes 2% yearly inflation on natural gas costs
**Incentives, per New Jersey Clean Energy Program, are $1.00 per MBH

Currently, HVAC units at the Dorothy Bullock School are controlled by a hybrid
control system. This control system uses pneumatic actuators for valves and
dampers. It is monitored and controlled by a Trane building management system,
which is direct-digital control (DDC). The accuracy of pneumatic system controls
tend to “wander” over time. Recalibration of the pneumatic system should be
performed at least annually to improve the accuracy and efficiency of the HVAC
system. The current system could be upgraded to full digital control. Upgrading to
full digital control would include the removal of the pneumatic system allowing for
the de-commissioning of the pneumatic system compressor. Replacing the pneumatic
actuators with electric actuators would be more costly than the savings realized from
removing the compressor. The maintenance staff has most likely been trained to
diagnose and fix problems that arise with operating a pneumatic system. As a result
of the anticipated longer payback, this recommendation will not be evaluated further.
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During the audit, CDM noted that there was no outside air louvers located in the
boiler room. A supply fan was seen that may provide sufficient combustion air to the

boiler room. Outdoor combustion air should be provided to the boiler room

according to Section 304 of the New Jersey Fuel Gas Code. Having the appropriate
proportion of fuel and combustion air can increase the efficiency of the boiler and
generate savings for the District.

All major equipment noted during CDM'’s on site audit is listed in Table 4.2.2-2 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.

Table 4.2.2-2 Dorothy Bullock School HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description | Location | Location | Manufacturer Model Efficiency | (Years) (Years)
Boiler Entire
Boiler (x2) Room School Weil McLain 888 79% 18 24
Air Cooled
Liquid Entire
Chiller Roof School Trane CGACD124RMN623FGHW?7 | Unknown | Unknown 20
Hot Water
Unit Heater | Receiving | Receiving Sterling HS-125A 87% Unknown 20
Make-Up Industrial Air Unknown
Air Unit Roof Kitchen Systems GHLIAC 35 HW 1-6 80% (old) 20
Air Cooled
Condensing
Unit Unknown
(ACCU) (x2) Roof Kitchen Brown Unknown Unknown (Old) 20
Unknown
ACCU Roof Kitchen Brown Unknown Unknown (Old) 20
Large
Cabinet
Fans (x6) Gym Gym Unknown Unknown Unknown | Unknown 25
Large
Cabinet
Fans (x6) | Cafeteria | Cafeteria Unknown Unknown Unknown | Unknown 25

CDM also creates an inventory of observed domestic water heaters. This will attempt
to inform the District of any water heaters that are in need of replacement. Equipment
observed to be in poor or aging condition would warrant replacement, as they are
likely not operating at peak efficiency. This domestic water heater inventory may be
seen as Table 4.2.2-3 below.
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Table 4.2.2-3 Dorothy Bullock School Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Boiler Room | A.O. Smith 200 Gas 600 MBH Unknown

An inventory of observed compressors may be seen as Table 4.2.2-4 below.

Table 4.2.2-4 Dorothy Bullock School Compressors

Receiver Capacity Observed
Location Make (Gallons) Motor (HP) Condition
2 Good
Boiler Room Honeywell Unknown
2 Good

4.2.3 Elsmere School

A model of the Elsmere School was created in eQuest to predict heating and cooling
loads for the building. To calibrate this model, CDM used electricity and natural gas
bills from January, 2008 through November, 2009. Figure 4.2.3-1 below compares
actual monthly electricity usages, with those predicted by the eQuest model.
Historical monthly usages were averaged for each month observed over multiple
years. For example, usage during the month of June was averaged for the two years,
to yield an approximate average usage during the month of June.

Figure 4.2.3-1: Elsmere School Electricity Usage
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The high usage in September and October may be due to the commencement of
school. Only one electric usage was entered for September and October while the rest
of the months excluding December had two entries. If more data was supplied for
these two months the trend may be more gradual. The annual predicted electricity
usage was still within 2% of the actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM’s field audit. Figure 4.2.3-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.3-2: Elsmere School Usage Breakdown
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Figure 4.2.3-3 below compares actual natural gas usage to model-predicted natural
gas use. The annual predicted gas usage was modeled within 1% of the actual usage.

Figure 4.2.3-3: Elsmere School Natural Gas Usage
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Currently, the heating system utilizes one (1) gas-fired Weil McLain cast iron boiler
with a hot water gross I=B=R rating of 364 MBH. CDM conservatively estimates this
boiler to be 80% efficient.

CDM recommends replacing this boiler with a high-efficiency, condensing boiler.

CDM anticipates that one (1) 399 MBH input high-efficiency condensing boiler should
adequately heat the school.

Figure 4.2.3-4 compares current gas usage with predicted gas usage resulting from a
switch to a high-efficiency, condensing boiler. Condensing boilers are modeled with a
full-load efficiency of 92% and return water temperature as low as 100°F in mild
weather.

Figure 4.2.3-4: Elsmere School — Boiler Upgrade - Natural Gas Usage

M Predicted
900 -
800 - B Condensing
700 - Boiler
é 600 -
2500 -
=
Q 400 -
=)
— 300 -
[y}
O 200 -
100 -
0 A I 1 1 1 1 1 1 1 I I I 1
Q QX R AN @ N o & & & &
& Q‘o'b @é W U S ééo e}&o é&o
NS & e x§ ) K\ <,
\3 Month (_)@Q Y N

Fiscal savings from such an upgrade are then identified in Table 4.2.3-1 below.
Lifetime savings calculations for all ECRM’s may be found in Appendix I. It’s
important to note that these are estimates based on building models, and further
investigation is warranted before pursuing boiler replacements.

Due to the improved automation and control within modern condensing boilers, their
operation and maintenance costs tend to be less than those of typical cast iron boilers.
CDM estimates a cast iron boiler system with one boiler will typically cost around
$1,500 per year for regular preventative maintenance, whereas a condensing boiler
system with one boiler would cost around $1,000 per year. Therefore, replacing the
existing boiler with a condensing boiler should result in an operation and
maintenance cost savings of $500 per year.
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Table 4.2.3-1: Elsmere School Boiler Upgrade Payback

Predicted Annual Savings (Therms) 1,155
Total Annual Savings $1,629
Initial Capital Cost of Upgrade $42,981
Incentives** $698
Cost of Upgrade $42,283
Simple Payback 19.9
Lifetime Energy Savings (24 years)* $49,557
Annual Maintenance Cost Savings (AMCS) $500
Annual Return on Investment (AROI) 0.87%
Internal Rate of Return (IRR) 4.36%
Net Present Value (NPV) $7,325

*Assumes 2% yearly inflation on natural gas costs

**Incentives, per New Jersey Clean Energy Program, are $1.75 per MBH

During the audit, CDM noted that there was a 24” x 12” combustion air louver located
in the boiler room. Outdoor combustion air should be provided to the boiler room
according to Section 304 of the New Jersey Fuel Gas Code. Having the appropriate
proportion of fuel and combustion air can increase the efficiency of the boiler and
generate savings for the District.

All major equipment noted during CDM’s on site audit is listed in Table 4.2.3-2 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.

Table 4.2.3-2 Elsmere School HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description | Location Location | Manufacturer Model Efficiency (Years) (Years)
Boiler Entire
Boiler Room School Weil McLain Unknown 80% 24 24
Air Cooled
Condensing Unknown
Unit Northwest (Good
(ACCu) Outside | Classroom McQuay CLJ36-1C 12 SEER | Condition) 20
Unknown
Southwest (Good
ACCU Outside | Classroom McQuay CLJ36-1C 12 SEER | Condition) 20
ACU (thru Northeast
wall) East Wall | Classroom Whirlpool Unknown Unknown | Unknown 15
ACU (thru Southeast General
wall) East Wall | Classroom Electric AGM18D1G1 10.7 EER 4 15
CDM 424
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Table 4.2.3-2 Elsmere School HVAC Equipment Service Lives

ACU (thru
wall)

North North
Wall Wing Unknown Unknown Unknown | Unknown

15

CDM also takes an inventory of the observed domestic water heaters. This will inform
the District of any water heaters that are in need of replacement. Equipment observed
to be in poor or aging condition would warrant replacement, as they are likely not
operating at peak efficiency. This domestic water heater inventory may be seen as
Table 4.2.3-3 below.

Table 4.2.3-3 Elsmere School Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Unknown
Bradford (Good
Boiler Room White 30 Electric 4.5 KW Condition)

4.2.4 Glassboro High School

A model of the Glassboro High School was created in eQuest to predict heating and
cooling loads for the building. To calibrate this model, CDM used electricity and
natural gas bills from January, 2008 through November, 2009. Figure 4.2.4-1 below
compares actual monthly electricity usages, with those predicted by the eQuest
model. Historical monthly usages were averaged for each month observed over
multiple years. For example, usage during the month of June was averaged for the
two years, to yield an approximate average usage during the month of June.

Figure 4.2.4-1: Glassboro High School Electricity Usage
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The annual predicted electricity usage was within 1% of the actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM’s field audit. Figure 4.2.4-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.
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Figure 4.2.4-2: Glassboro High School Usage Breakdown
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Figure 4.2.4-3 below compares actual electrical demand to model-predicted electrical
demand.
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Figure 4.2.4-4 below compares actual natural gas usage to model-predicted natural
gas use. The annual predicted gas usage was modeled within 2% of the actual usage.

Figure 4.2.4-4: Glassboro High School Natural Gas Usage
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Currently, the heating system utilizes two (2) gas-fired Cleaver Brooks Firetube
boilers, each with an input rating of 5,230 MBH. A hot water gross I=B=R output
rating of 4,184 MBH gives each of these boilers a combustion efficiency of 80%. The
inspection sheets state that the boilers are from 1965.

CDM recommends replacing these boilers with a system of high-efficiency,
condensing boilers.

CDM anticipates that two (2) 4,500 MBH input high-efficiency condensing boilers
should adequately heat the school.

Figure 4.2.4-5 compares current gas usage with predicted gas usage resulting from a
switch to high-efficiency, condensing boilers. Condensing boilers are modeled with a
full-load efficiency of 92% and return water temperature as low as 100°F in mild
weather.
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Figure 4.2.4-5: Glassboro High School — Boiler Upgrade - Natural Gas Usage
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Fiscal savings from such an upgrade are then identified in Table 4.2.4-1 below.
Lifetime savings calculations for all ECRM’s may be found in Appendix L. It’s
important to note that these are estimates based on building models, and further
investigation is warranted before pursuing boiler replacements.

Due to the improved automation and control within modern condensing boilers, their
operation and maintenance costs tend to be less than those of typical cast iron boilers.
CDM estimates a cast iron boiler system will typically cost around $3,500 per year for
regular preventative maintenance, whereas a condensing boiler system would cost
around $2,000 per year. Therefore, replacing the existing boilers with condensing
boilers should result in an operation and maintenance cost savings of $1,500 per year.

Table 4.2.4-1: Glassboro High School Boiler Upgrade Payback
Predicted Annual Savings (Therms) 17,604
Total Annual Savings $24,822
Initial Capital Cost of Upgrade $193,718
Incentives** $
Cost of Upgrade $193,718
Simple Payback 7.4
Lifetime Energy Savings (24 years)* $755,131
Annual Maintenance Cost Savings (AMCS) $1,500
Annual Return on Investment (AROI) 9.42%
Internal Rate of Return (IRR) 15.76%
Net Present Value (NPV) $419,610

*Assumes 2% yearly inflation on natural gas costs
**Incentives for boilers exceeding 4,000 MBH are granted on a case by case basis, per New Jersey Clean
Energy Program
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Currently, HVAC units at the Glassboro High School are controlled by a pneumatic
system. Unless recalibrated at least annually, the accuracy of pneumatic system
controls tends to “wander” over time. Thus, a switch to full digital control should be
considered for consistency and maintenance purposes. In addition, removal of a
pneumatic system will allow for the de-commissioning of the pneumatic system
compressor. Consolidating control of these units into one central building
management system (BMS) with direct digital controls (DDC) may provide significant
energy savings. A consolidated DDC building management system typically tends to
offer a 10% energy savings over independent unit controls. A centralized building
management system can incorporate real time energy monitoring for all HVAC
systems, allowing the District to see exactly how much energy is being used to heat
and/or cool the building at any time throughout the year.

Table 4.2.4-2 displays a projected building management system payback, assuming a
building management system with 131 points of control. Electricity savings are
estimated to be 10% of the total ventilation, pump, and space cooling electricity usage.
To estimate operation and maintenance savings, CDM has assumed that the existing
air compressors serving the pneumatic controls systems (as noted in Table 4.2.4-5-)
run approximately one third of the time (or 2,920 hours per year). The electricity costs
associated with running these motors constitute CDM’s assumed maintenance
savings. While actual maintenance savings will likely be higher because all controls
are consolidated to one central program, CDM asserts that the measurable cost
associated with compressor run times is a conservative estimate. Compressor motors
are assumed to be 84% efficient.

Table 4.2.4-2: Glassboro High School DDC BMS Payback
Predicted Annual Savings (Therms) 7,613
Annual Savings (Gas) $10,734
Predicted Annual Savings (kWh) 71,420
Annual Savings (Electricity) $9,285
Total Annual Savings $20,019
Initial Capital Cost of Upgrade $65,501
Incentives $0
Cost of Upgrade $65,501
Simple Payback 3.1
Lifetime Energy Savings (15 years)* $358,318
Annual Maintenance Cost Savings (AMCS) $792
Annual Return on Investment (AROI) 25.11%
Internal Rate of Return (IRR) 34.17%
Net Present Value (NPV) $237,572

*Assumes 2% yearly inflation on natural gas costs, 3% yearly inflation on electricity costs
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CDM was not able to locate any available grants or incentives for consolidating
systems and switching to DDC. Despite this, however, this change still offers an
attractive payback and is therefore recommended by CDM.

It was reported that the High School classroom unit ventilators manufactured by
Trane are original to the construction of the building. Due to their age, the dampers
are stuck in the five percent open range. The classrooms are continuously heated
with outside air throughout the heating season. The district can make significant
savings by not heating outside air when classrooms are unoccupied.

Based on good engineering practice, CDM has assumed that the unit ventilators are
heating when the outside air temperature is below 60 degrees. CDM estimated that
thirty classrooms are heated with 50 cfm of outside air. The months of June through
August are assumed to have no heating. The annual savings from closing the damper
to outside air when classrooms are unoccupied is $2,273. There are savings associated
with the unit ventilator fan running less as well. CDM assumed that with functional
dampers these fans will run forty five percent less of the time. The electricity savings
from running fans less is $1,909.

During the audit, CDM noted that there were two (32" x 24” and 36” x 42”) outside air
dampers located in the boiler room. Outdoor combustion air should be provided to
the boiler room according to Section 304 of the New Jersey Fuel Gas Code. Having
the appropriate proportion of fuel and combustion air can increase the efficiency of
the boiler and generate savings for the District.

All major equipment noted during CDM'’s on site audit is listed in Table 4.2.4-3 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.
There were air handling units that CDM observed during the audit, but are not
included in the table below due to limited data.

Table 4.2.4-3 Glassboro High School HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description Location Location | Manufacturer Model Efficiency (Years) (Years)
Boiler Entire Cleaver
Boiler (x2) Room School Brooks CB552-125 80% Unknown 24
Entire
School
Liquid Boiler (ni. C
Chiller Room Wing Trane RTHC1C1AOHOE113F1LFVQUOO | Unknown 11 20
Cooling
Tower Roof Chiller Marley Unknown 89.5% Unknown 20
Rooftop
Unit (RTU) Aux
(x2) Roof Gym Trane Unknown Unknown Unknown 15
RTU Roof C Wing Trane TFD120C30AAB Unknown 10 15
SLHFC50ED545A69D900
RTU Roof Addition Trane 1A0C0000KOMR0008600 Unknown ~7 15
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Table 4.2.4-3 Glassboro High School HVAC Equipment Service Lives

A-1
RTU (x2) Roof Wing Trane TSC048A3R0A0ZD0OB000000600 Unknown 6 15
ACCU Roof C Wing Trane TTB048C100A1 Unknown 10 20
ACCU (x2) Roof C Wing Trane TTB0O30C100A1 Unknown 10 20
ACU (thru Northwest
wall) Wall C105 Frigidaire Unknown Unknown Unknown 15
ACU (thru Northwest
wall) Wall C106 Frigidaire Unknown Unknown Unknown 15
ACU (thru Northeast
wall) Wall C110 Carrier Unknown Unknown Unknown 15
ACU (thru Southeast
wall) Wall 102 Quiet Kool Unknown Unknown Unknown 15

CDM also takes an inventory of the observed domestic water heaters. This will inform
the District of any water heaters that are in need of replacement. Equipment observed
to be in poor or aging condition would warrant replacement, as they are likely not
operating at peak efficiency. This domestic water heater inventory may be seen as
Table 4.2.4-4 below.

Table 4.2.4-4 Glassboro High School Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Boiler Room Paloma Unknown Gas 179 MBH Unknown
Boiler Room Paloma Unknown Gas 179 MBH Unknown
Unknown
Bradford (Good
Boiler Room White 40 Electric 4.5 KW Condition)
An inventory of observed compressors may be seen as Table 4.2.4-5 below.
Table 4.2.4-5 Glassboro High School Compressors
Receiver Capacity Observed
Location Make (Gallons) Motor (HP) Condition
Boiler Room Woo<fl Unknown 33 Good
Industries

4.2.5 Glassboro Intermediate School

A model of the Glassboro Intermediate School was created in eQuest to predict
heating and cooling loads for the building. To calibrate this model, CDM used
electricity and natural gas bills from January, 2008 through November, 2009. Figure
4.2.5-1 below compares actual monthly electricity usages, with those predicted by the
eQuest model. Historical monthly usages were averaged for each month observed
over multiple years. For example, usage during the month of June was averaged for
the two years, to yield an approximate average usage during the month of June.
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Figure 4.2.5-1: Glassboro Intermediate School Electricity Usage
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The annual predicted electricity usage was modeled within 2% of the actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM’s field audit. Figure 4.2.5-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.5-2: Glassboro Intermediate School Usage Breakdown
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Figure 4.2.5-3 below compares actual natural gas usage to model-predicted natural
gas use. While some natural gas is used for domestic water heating and cooking, the
boilers account for the majority of the natural gas usage at the school. The annual
predicted gas usage was modeled within 3% of the actual usage.

Figure 4.2.5-3: Glassboro Intermediate School Natural Gas Usage
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Currently, the heating system utilizes two (2) gas-fired Smith cast iron hot water
boilers, each with an input rating of 6,341 MBH. A gross [=B=R output rating of 5,014
MBH gives each of these boilers a combustion efficiency of 79%.

The boilers currently operating at the Intermediate School are only 6-7 years old. It
may not be financially feasible to replace these boilers immediately. When the current
boilers begin approaching their useful life the District should investigate a boiler
system upgrade. CDM completed a boiler upgrade analysis below to allow the
District to examine the approximate savings.

CDM anticipates that three (3) 4,000 MBH input high-efficiency condensing boilers
should adequately heat the school.

Figure 4.2.5-4 compares current gas usage with predicted gas usage resulting from a
switch to high-efficiency, condensing boilers. Condensing boilers are modeled with a
full-load efficiency of 92% and return water temperature as low as 100°F in mild
weather.
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Figure 4.2.5-4: Glassboro Intermediate School — Boiler Upgrade - Natural Gas Usage
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Fiscal savings from such an upgrade are then identified in Table 4.2.5-1 below.
Lifetime savings calculations for all ECRM’s may be found in Appendix L. It’s
important to note that these are estimates based on building models, and further
investigation is warranted before pursuing boiler replacements.

Due to the improved automation and control within modern condensing boilers, their
operation and maintenance costs tend to be less than those of typical cast iron boilers.
CDM estimates a cast iron boiler system will typically cost around $3,500 per year for
regular preventative maintenance, whereas a condensing boiler system with three
boilers would cost around $3,000 per year. Therefore, replacing the existing boilers
with condensing boilers should result in an operation and maintenance cost savings
of $500 per year.

Table 4.2.5-1: Glassboro Intermediate School Boiler Upgrade
Payback
Predicted Annual Savings (Therms) 20,524
Total Annual Savings $29,144
Initial Capital Cost of Upgrade $245,670
Incentives** $12,000
Cost of Upgrade $233,670
Simple Payback 7.9
Lifetime Energy Savings (24 years)* $886,615
Annual Maintenance Cost Savings (AMCS) $500
Annual Return on Investment (AROI) 8.52%
Internal Rate of Return (IRR) 14.73%
Net Present Value (NPV) $457,064
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*Assumes 2% yearly inflation on natural gas costs
**Incentives, per New Jersey Clean Energy Program, are $1.00 per MBH

Currently, HVAC units at the Glassboro Intermediate School are controlled by a
pneumatic system. Unless recalibrated at least annually, the accuracy of pneumatic
system controls tends to “wander” over time. Thus, a switch to full digital control
should be considered for consistency and maintenance purposes. In addition, removal
of a pneumatic system will allow for the de-commissioning of the pneumatic system
compressor. Consolidating control of these units into one central building
management system (BMS) with direct digital controls (DDC) may provide significant
energy savings. A consolidated DDC building management system typically tends to
offer a 10% energy savings over independent unit controls. A centralized building
management system can incorporate real time energy monitoring for all HVAC
systems, allowing the District to see exactly how much energy is being used to heat
and/or cool the building at any time throughout the year.

Table 4.2.5-2 displays a projected building management system payback, assuming a
building management system with 70 points of control. Electricity savings are
estimated to be 10% of the total ventilation, pump, and space cooling electricity usage.
To estimate operation and maintenance savings, CDM has assumed that the existing
air compressors serving the pneumatic controls systems (as noted in Table 4.2.5-5) run
approximately one third of the time (or 2,920 hours per year). The electricity costs
associated with running these motors constitute CDM’s assumed maintenance
savings. While actual maintenance savings will likely be higher because all controls
are consolidated to one central program, CDM asserts that the measurable cost
associated with compressor run times is a conservative estimate. Compressor motors
are assumed to be 84% efficient.

Table 4.2.5-2: Glassboro Intermediate School DDC BMS Payback
Predicted Annual Savings (Therms) 6,515
Annual Savings (Gas) $9,251
Predicted Annual Savings (kWh) 57,240
Annual Savings (Electricity) $8,014
Total Annual Savings $19,736
Initial Capital Cost of Upgrade $34,886
Incentives $0
Cost of Upgrade $34,886
Simple Payback 1.6
Lifetime Energy Savings (15 years)* $309,033
Annual Maintenance Cost Savings (AMCS) $2,560
Annual Return on Investment (AROI) 57.24%
Internal Rate of Return (IRR) 66.87%
Net Present Value (NPV) $289,813
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*Assumes 2% yearly inflation on natural gas costs, 3% yearly inflation on electricity costs

CDM was not able to locate any available grants or incentives for consolidating
systems and switching to DDC. Despite this, however, this change still offers an
attractive payback and is therefore recommended by CDM.

During the audit, CDM noted that there were two (108" x 48” and 36” x 102”) outside
air dampers located in the boiler room. Outdoor combustion air should be provided
to the boiler room according to Section 304 of the New Jersey Fuel Gas Code. Having
the appropriate proportion of fuel and combustion air can increase the efficiency of
the boiler and generate savings for the District.

All major equipment noted during CDM’s on site audit is listed in Table 4.2.5-3 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.

Table 4.2.5-3 Glassboro Intermediate School HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description Location Location | Manufacturer Model Efficiency | (Years) (Years)
Boiler Entire
Boiler (x2) Room School Smith 4500A-15 79% ~6 24
Hot Water
Unit Heater Boiler Boiler
(x2) Room Room Trane UHSA137S8EAA1TO0000BE | Unknown | Unknown 20
Air
Conditioning 3" Floor Science TSCO60A3R0A13
RTU-3 Roof Lab (223) Trane D2B000000600A 13 SEER 6 15
Air
Conditioning 3" Floor Science TSC092A3R0A0W
RTU-4 Roof Lab (231) Trane DOB000000600C 11.2 EER 6 15
Air
Conditioning 3" Floor Science TSCO72A3R0A0U
RTU-2 Roof Lab (224) Trane DOB000000600 11.2 EER 6 15
3" Floor
RTU-6 Roof Gym Trane TCD210C30AEA Unknown 6 15
3" Floor
RTU-5 Roof Gym Trane TCD210C30AEA Unknown 6 15
Air
Conditioning 2" Floor | Orchestra TSC120A3R0A10
RTU-1 Roof Room Trane D0OB0O00000600 11.3 EER 6 15
Heat Boys
Recovery Locker
Unit 3" Floor Room
(HRU) -2 Roof (147) Innovent E-5000-1A-2000-AC-3-A Unknown 6 25
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Table 4.2.5-3 Glassboro Intermediate School HVAC Equipment Service Lives

Girls
Locker
2" Floor Room
HRU -1 Roof (138) Innovent E-5000-1A-2000-AC-3-A Unknown 6 25
West
ACU (thru | Courtyard
wall) Wall 211 Unknown Unknown Unknown | Unknown 15

CDM also takes an inventory of the observed domestic water heaters. This will inform
the District of any water heaters that are in need of replacement. Equipment observed
to be in poor or aging condition would warrant replacement, as they are likely not
operating at peak efficiency. This domestic water heater inventory may be seen as
Table 4.2.5-4 below.

Table 4.2.5-4 Glassboro Intermediate School Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Boiler Room | A.O. Smith 74 Gas 76 MBH Unknown
An inventory of observed compressors may be seen as Table 4.2.5-5 below.
Table 4.2.5-5 Glassboro Intermediate School Compressors
Receiver Capacity Observed
Location Make (Gallons) Motor (HP) Condition
5 Aging
Boiler Room J.L. Lawson 80
5 Aging

4.2.6 Glassboro Intermediate School Annex

A model of the Glassboro Intermediate School Annex was created in eQuest to predict
heating and cooling loads for the building. To calibrate this model, CDM used
electricity and natural gas bills from January, 2008 through November, 2009. Figure
4.2.6-1 below compares actual monthly electricity usages, with those predicted by the
eQuest model. Historical monthly usages were averaged for each month observed
over multiple years. For example, usage during the month of June was averaged for
the two years, to yield an approximate average usage during the month of June.
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Figure 4.2.6-1: Glassboro Intermediate School Annex Electricity Usage
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The high electric usage in July and August is due to the 2008 year. In 2008 these two
months had nearly double the usage they did in 2009. CDM expects this to be an
exception, not a trend. The annual predicted electricity usage was within 1% of the
actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM'’s field audit. Figure 4.2.6-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.6-2: Glassboro Intermediate School Annex Usage Breakdown
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Figure 4.2.6-3 below compares actual natural gas usage to model-predicted natural
gas use. While some natural gas is used for domestic water heating the boilers account
for the majority of the natural gas usage at the school. The annual predicted gas
usage was modeled within 9% of the actual usage.
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Figure 4.2.6-3: Glassboro Intermediate School Annex Natural Gas Usage
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The existing HVAC equipment appeared to be in good condition and did not warrant
immediate replacement.

Outdoor combustion air should be provided to the boiler room according to Section
304 of the New Jersey Fuel Gas Code. Having the appropriate proportion of fuel and
combustion air can increase the efficiency of the boiler and generate savings for the

District.

All major equipment noted during CDM'’s on site audit is listed in Table 4.2.6-1 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.
CDM did not have access to the roof at the time of the audit. Equipment data was
taken from drawings that were supplied.

Table 4.2.6-1 Glasshoro Intermediate School Annex HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description | Location | Location | Manufacturer Model Efficiency | (Years) (Years)
Boiler Entire
Boiler (x2) Room School Aerco KC-1000 Unknown 7 24
*ACCU-1 Roof Art Room York HIRA048506 Unknown | Unknown 20
*ACCU-2 Roof Tech Lab York HIRA048506 Unknown | Unknown 20

4-39




Section 4
Energy Conservation and Retrofit Measures

Table 4.2.6-1 Glassboro Intermediate School Annex HVAC Equipment Service Lives

*ACCU-3 Roof Tech Lab York HIRA048506 Unknown | Unknown 20

*ACCU-4 Roof Family York HIRA048506 Unknown | Unknown 20

*ACCU-5 Roof Family York HIRA048506 Unknown | Unknown 20
Special

*ACCU-6 Roof Education York HIRA048506 Unknown | Unknown 20
Special

*ACCU-1 Roof Education York HIRA048506 Unknown | Unknown 20

* CDM did not have access to the roof at the time of the audit. Equipment data was taken from drawings
that were supplied.

CDM also takes an inventory of the observed domestic water heaters. This will inform
the District of any water heaters that are in need of replacement. Equipment observed
to be in poor or aging condition would warrant replacement, as they are likely not
operating at peak efficiency. This domestic water heater inventory may be seen as
Table 4.2.6-2 below.

Table 4.2.6-2 Glassboro Intermediate School Annex Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Boiler Room | A.O. Smith 71 Gas 120 MBH 6

4.2.7 J. Harvey Rodgers School

A model of the J. Harvey Rodgers School was created in eQuest to predict heating and
cooling loads for the building. To calibrate this model, CDM used electricity and
natural gas bills from January, 2008 through November, 2009. Figure 4.2.7-1 below
compares actual monthly electricity usages, with those predicted by the eQuest
model. Historical monthly usages were averaged for each month observed over
multiple years. For example, usage during the month of June was averaged for the
two years, to yield an approximate average usage during the month of June.
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Figure 4.2.7-1: J. Harvey Rodgers School Electricity Usage
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The annual predicted electricity usage was modeled within 2% of the actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM'’s field audit. Figure 4.2.7-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.7-2: J. Harvey Rodgers School Usage Breakdown
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Figure 4.2.7-3 below compares actual natural gas usage to model-predicted natural
gas use. While some natural gas is used for domestic water heating and cooking, the
boilers account for the majority of the natural gas usage at the school. The annual
predicted gas usage was modeled within 2% of the actual usage.

Figure 4.2.7-3: J. Harvey Rodgers School Natural Gas Usage
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Currently, HVAC units at the ]J. Harvey Rodgers School are controlled by a pneumatic
system. Unless recalibrated at least annually, the accuracy of pneumatic system
controls tends to “wander” over time. Thus, a switch to full digital control should be
considered for consistency and maintenance purposes. In addition, removal of a
pneumatic system will allow for the de-commissioning of the pneumatic system
compressor. Consolidating control of these units into one central building
management system (BMS) with direct digital controls (DDC) may provide significant
energy savings. A consolidated DDC building management system typically tends to
offer a 10% energy savings over independent unit controls. A centralized building
management system can incorporate real time energy monitoring for all HVAC
systems, allowing the District to see exactly how much energy is being used to heat
and/or cool the building at any time throughout the year.

Table 4.2.7-1 displays a projected building management system payback, assuming a
building management system with 45 points of control. Electricity savings are
estimated to be 10% of the total ventilation, pump, and space cooling electricity usage.
To estimate operation and maintenance savings, CDM has assumed that the existing
air compressors serving the pneumatic controls systems (as noted in Table 4.2.7-4) run
approximately one third of the time (or 2,920 hours per year). The electricity costs
associated with running these motors constitute CDM’s assumed maintenance
savings. While actual maintenance savings will likely be higher because all controls
are consolidated to one central program, CDM asserts that the measurable cost
associated with compressor run times is a conservative estimate. Compressor motors
are assumed to be 84% efficient.
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Table 4.2.7-1: J. Harvey Rodgers School DDC BMS Payback

Predicted Annual Savings (Therms) 2,423
Annual Savings (Gas) $3,320
Predicted Annual Savings (kWh) 10,297
Annual Savings (Electricity) $1,545
Total Annual Savings $4,865
Initial Capital Cost of Upgrade $22,535
Incentives $0
Cost of Upgrade $22,535
Simple Payback 4.5
Lifetime Energy Savings (15 years)* $86,149
Annual Maintenance Cost Savings (AMCS) $137
Annual Return on Investment (AROI) 15.53%
Internal Rate of Return (IRR) 23.79%
Net Present Value (NPV) $50,310

*Assumes 2% yearly inflation on natural gas costs, 3% yearly inflation on electricity costs

CDM was not able to locate any available grants or incentives for consolidating
systems and switching to DDC. Despite this, however, this change still offers an

attractive payback and is therefore recommended by CDM.

Outdoor combustion air should be provided to both boiler rooms according to Section
304 of the New Jersey Fuel Gas Code. Having the appropriate proportion of fuel and
combustion air can increase the efficiency of the boiler and generate savings for the
District.

All major equipment noted during CDM’s on site audit is listed in Table 4.2.7-2 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.

Table 4.2.7-2 J. Harvey Rodgers Elementary School HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description Location Location Manufacturer Model Efficiency | (Years) (Years)
B-Wing
Boiler
Boiler (x2) Room B-Wing Weil MclLain LBG-15 81% 20 24
A-Wing
Mechanical
Boiler (x2) Room A-Wing Lochinvar PBNO150 88% 10 24
Nurses
ACCU Roof Office Trane TTPO30D100A0 12 SEER 10 20
CDM 443
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Table 4.2.7-2 J. Harvey Rodgers Elementary School HVAC Equipment Service Lives
ACCU Roof Hallway Trane TTP042D300A0 12 SEER 10 20
ACCU Roof Hallway Trane TTP042D300A0 12 SEER 10 20
ACCU Roof Library Trane TTP0O48D300A0 12 SEER 10 20
ACCU Roof Library Trane TTP048D300A0 12 SEER 10 20
Main
ACCU Roof Office Trane TTP036D300A0 12 SEER 10 20
Principals
ACCU Roof Office Trane TTP036D300A0 12 SEER 10 20
All Purpose
ACCU Roof Room A Trane Unknown Unknown | Unknown 20
Technology
ACCU Roof Room EMI SHC36DEOOOOAAOA | Unknown <15 20
ACCU Roof Unknown Trane 2TTB3030A1000AA 13 SEER 1 20
ACCU Courtyard B-1 Lennox HS29-048-9Y 11 SEER | Unknown 20
Outside
ACCU North Wall A-6 Trane TTA036D300A0 12 SEER 10 20
Outside
ACCU North Wall A-8 Trane TTA036D300A0 12 SEER 10 20
Outside
ACCU South Wall A-10 Trane TTA036D300A0 12 SEER 10 20
Outside
ACCU South Wall A-9 Trane TTA036D300A0 12 SEER 10 20
Outside
ACCU South Wall A-7 Trane TTA036D300A0 12 SEER 10 20
Outside
ACCU South Wall A-5 Trane TTA036D300A0 12 SEER 10 20
Outside
ACCU South Wall A-4 Trane TTPO30D100A0 12 SEER 10 20
Outside
ACCU South Wall A-3 Trane TTPO30D100A0 12 SEER 10 20
Outside
ACCU South Wall A-2 Trane TTPO30D100A0 12 SEER 10 20
Outside
ACCU South Wall A-1 Trane TTPO30D100A0 12 SEER 10 20
Southwest
ACU (thru Wall Room
wall) B-5 B-5 Frigidaire Unknown Unknown | Unknown 15
Southwest
ACU (thru Wall Room
wall) B-6 B-6 Frigidaire Unknown Unknown | Unknown 15
Southwest
ACU (thru Wall Room
wall) B-7 B-7 Carrier Unknown Unknown | Unknown 15
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Table 4.2.7-2 J. Harvey Rodgers Elementary School HVAC Equipment Service Lives

ACU (thru Courtyard Small
wall) North Wall Group Frigidaire Unknown Unknown | Unknown 15
ACU (thru Courtyard Small
wall) North Wall Group Frigidaire Unknown Unknown | Unknown 15
ACU (thru Courtyard Unknown
wall) East Wall SP Room Emerson Quiet Kool Unknown (Old) 15
ACU (thru Courtyard
wall) B-2 Wall B-2 Frigidaire Unknown Unknown | Unknown 15
ACU (thru Courtyard
wall) B-8 Wall B-8 Frigidaire Unknown Unknown | Unknown 15
Northeast
ACU (thru Wall Room
wall) B-4 B-4 Frigidaire Unknown Unknown | Unknown 15
Northeast
ACU (thru Wall Room
wall) B-3 B-3 Carrier Unknown Unknown | Unknown 15

CDM also creates an inventory of observed domestic water heaters. This will attempt
to inform the District of any water heaters that are in need of replacement. Equipment
observed to be in poor or aging condition would warrant replacement, as they are
likely not operating at peak efficiency. This domestic water heater inventory may be
seen as Table 4.2.7-3 below.

Table 4.2-7-3 J. Harvey Rodgers School Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
B-Wing Bradford
Boiler Room White 119 Gas 225 MBH 7
A-Wing Unknown
Boiler Room | A.O. Smith 100 Gas 150 MBH (<17)
An inventory of observed compressors may be seen as Table 4.2.7-4 below.
Table 4.2.7-4 J. Harvey Rodgers School Compressors
Receiver Capacity Observed
Location Make (Gallons) Motor (HP) Condition
B-Wing Boiler Unknown Unknown Good
Room
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4.2.8 Thomas E. Bowe School

A model of the Thomas E. Bowe School was created in eQuest to predict heating and
cooling loads for the building. To calibrate this model, CDM used electricity and
natural gas bills from January, 2008 through November, 2009. Figure 4.2.8-1 below
compares actual monthly electricity usages, with those predicted by the eQuest
model. Historical monthly usages were averaged for each month observed over
multiple years. For example, usage during the month of June was averaged for the
two years, to yield an approximate average usage during the month of June.

Figure 4.2.8-1: Thomas E. Bowe School Electricity Usage
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The annual predicted electricity usage was modeled within 1% of the actual usage.

Once the eQuest model was calibrated, it could be used to predict approximate major
usage categories, such as lighting, plug loads (miscellaneous), ventilation, and
cooling. It should be noted that these are only estimated usages based on information
gathered during CDM'’s field audit. Figure 4.2.8-2 presents this information to help
the District visualize where CDM anticipates the electricity is ultimately being used.

Figure 4.2.8-2: Thomas E. Bowe School Usage Breakdown
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Figure 4.2.8-3 below compares actual natural gas usage to model-predicted natural

gas use. The gas consumption is attributed to the gas fired rooftop units that provide
heating for the school. The annual predicted gas usage was modeled within 7% of the
actual usage.

12000 -

10000 -

8000 -

6000 -

4000 -

Gas Use (Therms)

2000 -
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All major equipment noted during CDM'’s on site audit is listed in Table 4.2.8-1 below,
along with estimated current ages and ASHRAE-expected service lives. It should be
noted that only equipment that was observed at the time of the audit is included.

Table 4.2.8-1 Thomas E. Bowe School HVAC Equipment Service Lives

ASHRAE
Estimated | Expected
Unit Service Estimated Age Life
Description | Location Location | Manufacturer Model Efficiency | (Years) (Years)
Gas Fired Boiler Boiler

Unit Heater Room Room Trane GPA-50A 80% Unknown 13
West DHEBFPC-322-G480

RTU-1 Roof Wing Mammoth -AZ35-MZ6 80% ~9 15
DHEBFPC-322-G480

RTU-2 Roof East Wing Mammoth -AZ35-MZ76 80% ~9 15
West DHEBFPC-262-G400

RTU-3 Roof Wing Mammoth -AZ35-MZ76 80% ~9 15
DHEBFPC-351-G320

RTU-4 Roof East Wing Mammoth -AZ35-M74 80% ~9 15
Core DHEBFPC-322-G480

RTU-5 Roof zones Mammoth -AZ35-M75 80% ~9 15
Core DHEBFPC-195-G256

RTU-6 Roof zones Mammoth -AZ35-M73 80% ~9 15
South DHEBFPC-242-G320

RTU-7 Roof Wing Mammoth -AZ35-MZ75 80% ~9 15
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Table 4.2.8-1 Thomas E. Bowe School HVAC Equipment Service Lives

North
Wing
(Music DHEBFPC-152-G256
RTU-10 Roof Room) Mammoth -AZ35-Mz74 80% ~9 15
North
Wing DHEBFPC-222-G320
RTU-11 Roof (Cafeteria) | Mammoth -AZ35-MZ2 80% ~9 15
North MDA110CAC6
RTU Roof Wing Modine C2E1ANO275 Unknown | Unknown 15
North Captive Aire
RTU Roof Wing Systems A1-D 250-G10 Unknown 4 15
RTU-S2-09 Roof Gym King 7040 HRB Unknown ~9 15

CDM also takes an inventory of observed domestic water heaters. This will inform the
District of any water heaters that are in need of replacement. Equipment observed to
be in poor or aging condition would warrant replacement, as they are likely not
operating at peak efficiency. This domestic water heater inventory may be seen as
Table 4.2.8-2 below.

Table 4.2.8-2 Thomas E. Bowe School Domestic Water Heaters

Storage
Capacity Heating Estimated
Location Make (Gallons) Type Capacity | Age (Years)
Boiler Room Paloma Unknown Gas 89 MBH Unknown
Patterson
Boiler Room Kelley Unknown Gas 390 MBH Unknown

4.3 Alternative Energy Sources
4.3.1 Photovoltaic Solar Energy System Overview

Photovoltaic (PV) cells convert energy in sunlight directly into electrical energy
through the use of silicon semi conductors, diodes and collection grids. Several PV
cells are then linked together in a single frame of module to become a solar panel. PV
cells are able to convert the energy from the sun into electricity. The angle of
inclination of the PV cells, the amount of sunlight available, the orientation of the
panels, the amount of physical space available and the efficiency of the individual
panels are all factors that affect the amount of electricity that is generated.

Based on the estimated cumulative total available roof area, calculations determine
that the installation of eight systems with a total rating of approximately 2,002 kW
(dc) will be appropriate for the eight School District buildings.
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As part of this energy audit, a preliminary engineering feasibility study of the sites
outlined above to support solar generation facilities was completed consisting of the
following tasks:

a. Site Visit by our engineers.

b. Satellite Image Analysis and
Conceptual design and layout of the
photovoltaic system.

c. Design and construction cost
estimates.

d. Determine a preliminary design for
the size and energy production of the
solar system.

The total unobstructed available area of each section of the roof with southern
exposure was evaluated. It is important to note the following:

1. The structural integrity of the roofs was not confirmed during our site visit. The
municipal buildings may require some degree of roofing work prior to the
implementation of a solar system.

2. In the case of the flat areas, the PV system sizing and kWh production was
calculated assuming the installation of a crystalline module facing south direction
(220 Degree Azimuth) and tilted approximately 20 degrees to allow better rain
water shedding and snow melting. Please note that the kWh production as well as
system size may differ significantly based on final panel tilt selected during the
RFP and design phase.

3. Blended electric rates were used based on actual utility bills and were applied for
the facilities.

The following is a preliminary study on the feasibility of installing PV solar systems at
the eight School District buildings to generate a portion of each facility’s electricity
requirements. Each system is designed to offset the electric purchased from the local
utility and not as a backup or emergency source of power.

In order to determine the best location for the installation of the PV solar system, a
satellite image analysis and site walkthrough of the facilities was performed on March
3-5th. As per the Scope of Work, only the School District facilities roofs were
considered for PV installation.

Also, as part of our assessment we investigated possible locations for electrical
equipment that need to be installed such as combiner boxes, disconnect switches and
DC to AC inverters. Consideration was also given to locations of interconnection
between the solar system and building’s electrical grid.
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4.3.1.1 Beach Administration Building

The roof of the Beach Administration Building is flat with very few obstructions such
as exhaust fans, rooftop HVAC units, and electrical and gas piping. There is a
minimal amount of shading on the roof from adjacent foliage that would need to be
addressed during the design phase of the project. The structural integrity of the roof
was not confirmed although a visual inspection revealed no leaks or major defects.
The structural integrity of the roof and the existence of a warranty shall be confirmed
prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 54.8 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 400A, 3 Phase, 208V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.

4.3.1.2 Dorothy Bullock School

The roof of the Dorothy Bullock School is flat with very few obstructions such as
exhaust fans, rooftop HVAC units, and electrical and gas piping. There is a minimal
amount of shading on the roof from adjacent foliage that would need to be addressed
during the design phase of the project. The structural integrity of the roof was not
confirmed although a visual inspection revealed no leaks or major defects. The
structural integrity of the roof and the existence of a warranty shall be confirmed
prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 437.4 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 200A, 3 Phase, 208V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.
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4.3.1.3 Elsmere School

The roof of the Elsmere School is flat with very few obstructions such as exhaust fans,
rooftop HVAC units, and electrical and gas piping. There is a minimal amount of
shading on the roof from adjacent foliage that would need to be addressed during the
design phase of the project. The structural integrity of the roof was not confirmed
although a visual inspection revealed no leaks or major defects. The structural
integrity of the roof and the existence of a warranty shall be confirmed prior to the
implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 10 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 400A, 1 Phase, 240V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.

4.3.1.4 Glassboro High School

The roof of the Glassboro High School is flat with very few obstructions such as
exhaust fans, rooftop HVAC units, and electrical and gas piping. There is a minimal
amount of shading on the roof from adjacent foliage that would need to be addressed
during the design phase of the project. The structural integrity of the roof was not
confirmed although a visual inspection revealed no leaks or major defects. The
structural integrity of the roof and the existence of a warranty shall be confirmed
prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 684.5 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 2000A, 3 Phase, 208V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.
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4.3.1.5 Glassboro Intermediate School

The roof of the Glassboro Intermediate School is flat with very few obstructions such
as exhaust fans, rooftop HVAC units, and electrical and gas piping. There is a
minimal amount of shading on the roof from adjacent foliage that would need to be
addressed during the design phase of the project. The structural integrity of the roof
was not confirmed although a visual inspection revealed no leaks or major defects.
The structural integrity of the roof and the existence of a warranty shall be confirmed
prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 59.2 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 2000A, 3 Phase, 208V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.

4.3.1.6 Glassboro Intermediate School Annex

The roof of the Glassboro Intermediate School Annex is flat with numerous
obstructions such as exhaust fans, rooftop HVAC units, and electrical and gas piping.
There is a minimal amount of shading on the roof from adjacent foliage that would
need to be addressed during the design phase of the project. The structural integrity
of the roof was not confirmed although a visual inspection revealed no leaks or major
defects. The structural integrity of the roof and the existence of a warranty shall be
confirmed prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 5 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 400A, 3 Phase, 208V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.
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4.3.1.7 J. Harvey Rodgers School

The roof of the J. Harvey Rodgers School is flat with very few obstructions such as
exhaust fans, rooftop HVAC units, and electrical and gas piping. There is a minimal
amount of shading on the roof from adjacent foliage that would need to be addressed
during the design phase of the project. The structural integrity of the roof was not
confirmed although a visual inspection revealed no leaks or major defects. The
structural integrity of the roof and the existence of a warranty shall be confirmed
prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 274.2 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 1000A, 3 Phase, 208V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.

4.3.1.8 Thomas E. Bowe School

The roof of the Thomas E. Bowe School is flat with very few obstructions such as
exhaust fans, rooftop HVAC units, and electrical and gas piping. There is a minimal
amount of shading on the roof from adjacent foliage that would need to be addressed
during the design phase of the project. The structural integrity of the roof was not
confirmed although a visual inspection revealed no leaks or major defects. The
structural integrity of the roof and the existence of a warranty shall be confirmed
prior to the implementation of a PV system.

The Project Team conducted both a facility walkthrough and a satellite image analysis
and based on the estimated total available area we calculated the installation of a solar
system, rated at approximately 477 kW (dc).

Electrical Service

The interconnection point for the PV system will require a modification or
replacement of the existing 2000A, 3 Phase, 480V service entrance equipment wherein
the PV system feeder connections will have to be made after the main circuit breaker,
and protective relaying will also have to be implemented. Any connection points
would have to meet NEC and local utility requirements. Further investigation and
verification of existing electrical equipment would be required prior to
implementation of a PV system.
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4.3.1.9 Basis for Design and Calculations

The most common roof mounted system is referred to as a (“fixed tilt”) system
typically mounted to a metal rack that can be fixed at a specific angle. There are also
(“tracking systems”) or movable along one or two axes to follow the position of the
sun during the day. For a roof-mounted PV system, tracking systems are very rarely
installed and are usually used for ground-mounted systems only, as they require
more complex racks and higher maintenance costs. For the “fixed” system, the tilt is
determined based on the following factors: geographical location, total targeted kWh
production, seasonal electricity requirements and weather conditions such as wind.
Ideally, the module tilt for Southern New Jersey should be 25-35 degrees with an
azimuth as close as possible to 180 (south); however, our experience has shown that
PV systems are typically installed at a tilt of 20 degrees or lower in order to avoid any
issues with wind and to maximize total system size.

The type of PV panels and equipment used to mount the system shall be determined
based on the wind conditions and structural integrity of the roof determined during
the design phase of the project. In general, penetration/tie-down systems, non-
penetrating ballasted type systems, or a combination of the two should be considered.

Calculation of PV System Yield

An industry accepted software package, PV Watts was used to calculate projected
annual electrical production of the crystalline silicon PV system in its first year, as
summarized in Table 4.3-1. The system was design to provide maximum kWh
production based on available roof space.

Table 4.3-1 Summary of Solar (PV) Systems

First Year e . Annual
Est. Annual SREC Est. I_Elzeé;me Return Prgls?:::nt Igiéng
Site Area kWh Energy Factor Annual Savinggys On Value Return
(ft2) Savings | ($/kWH) SREC . | Investme
(25 Years) nt (AROI) (NPV) (IRR)
Glassboro
; 68,449 | 845,735 | $109,946 $0.676 $571,478 | $4,072,908 4.71% $330,863 | 3.49%
High School
Glassboro
Intermediate 5,918.6 | 73,128 | $10,238 $0.676 $49,414 $379,261 3.54% -$68,861 1.97%
School
Glassboro
Intermediate 500 6,178 $1,050 $0.676 $4,175 $38,908 -1.12% -$116,017 NA
School Annex
Thomas E. 47,609 | 589,353 | $82,509 | $0.676 | $398,236 | $3,056,541 | 4.75% | $327,457 | 3.68%
Bowe School ’ ! ! . 1 ) ) . 0 ) . ()
Dorothy
Bullock 43,741.5 | 540,455 | $81,068 $0.676 $365,195 | $3,003,156 4.84% $413,515 3.92%
School
J. Harvey
Rodgers 27,423.2 | 338,832 | $50,825 $0.676 $228,955 | $1,882,792 4.72% $212,619 | 3.75%
School
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A Lifetime A Net Internal
Est. Annual SREC Est. Ener Return Present | Rate of
Site Area kWh Energy Factor Annual Savin%)é On value Return
(ft2) Savings ($/kWH) SREC + | Investme
(25 Years) nt (AROI) (NPV) (IRR)
Elsmere 0 0
School 1,000 12,356 $1,977 $0.676 $8,349 $73,237 0.35% -$109,859 | -3.00%
Beach
Administration | 5,481.9 | 67,733 | $10,160 $0.676 $45,768 $376,345 3.54% -$57,508 | 2.10%
Building

*3% yearly inflation on electricity costs

Total Costs

It should be noted that construction costs are only estimates based on historic data
compiled from similar installations, and engineering opinion. Additional engineering
and analysis is required to confirm the condition of the roofs, structural integrity of
the roofs, the system type, sizing, costs and savings. Budget costs assume existing
roofs are structurally sound, do not need to be replaced, and can accommodate a solar
system. For illustration purposes, a draft financial analysis pro forma is attached
outlining all project costs and revenues.

Table 4.3-2 Engineers Opinion of Probable Cost

Engineers Opinion of Probable

Cost $23,524,010

As stated above the estimated installation costs are based on significant experience
with the pricing of solar installations in New Jersey, and are intended to provide the
School District with a realistic budget cost. A typical solar installation can vary in cost
from $7.00 - $10.00 per watt depending on size, complexity of the system, labor rates,
etc. Approximately 60-70% of that number is material costs while the balance is labor,
engineering, etc. Like any installation, certain conditions can affect a price upward or
downward. For purposes of this analysis the estimated installation cost does not
include any roofing or structural work which may be required to maintain warranties
or for additional structural support. We have included a budget of $9/watt for the
solar system installation with an additional estimated budget of $100,000 for potential
electric service work.

Refer to Section 7 for discussion on Solar Renewable Energy Certificates and other
financing options for solar projects. The financial model in Appendix E provides an
annual forecast illustration of project revenues and costs for 25 years.
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4.3.2 Wind Power Generation

On-site wind power generation typically utilizes a form of turbine, which is rotated
with the flow of wind across it, this rotational force powers a generator, producing
DC electricity. The DC electricity is then converted into AC electricity, which can be
used for commercial power, or can be fed back into the power grid, reducing the
overall electric demand. The size

of the turbine is proportional to

the amount of wind and

concurrently the amount of

energy it can produce.

CDM has determined that it is

feasible for the Glassboro School

District to install wind turbine

energy systems at 8 of its sites.

This is primarily due to 1.9 year

payback for averaged wind

speeds. There are many other

incentives that could possibly

provide additional funding which would reduce the payback period further, and
possibly eliminate the cost of the turbine installation completely.

Because the School District does not have a large area for installation of a larger wind
turbine at any of the 8 locations surveyed for the audit, a small 2.5kW wind turbine
was chosen. A turbine of this size could be installed in most locations. Depending on
area available, and funding, the School District may choose to install more than 1
wind turbine on the premises.

Utilizing the NASA Surface Meteorology wind mapping tool, it was determined that
the local average wind speeds for Glassboro, NJ ranged from 8.7 mph to 12.7 mph, or
3.89 m/s to 5.67 m/s at 20 meters above the ground. In general, around 11 mph of
average wind speed, as determined over the course of a year, is necessary to “fuel”
the turbine. These values fall within the range of feasibility for installation of a new
wind turbine system.

For the purposes of this feasibility analysis, CDM chose a 2.5kW Wind Energy
Solutions (WES) Tulipo wind turbine. This turbine size is used most often for small
commercial applications. Power Curve data was determined through the use of the
product specification sheets on vendor websites. Actual turbine size, height, location,
and manufacturer should be determined upon design of a wind turbine system.

The estimated wind speed data, associated wind probability distribution function
(weibull value), turbulence losses, and other relevant data were then incorporated
into Wind Cad to estimate the annual output for the wind turbine. Refer to Appendix
J for Wind Cad Modeling.
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In order to determine simple payback analysis of the proposed wind turbine, CDM
used the industry standard of $3-$8/W to compute total cost of the wind turbine. For
this analysis, CDM used $7/W. This figure includes Overhead & Profit values. By
installing the proposed wind turbine, the District will offset between $585 and $1,035
per year in utility costs per facility based on the minimum and maximum average
local wind speeds. In addition, Renewable Energy Credits (REC’s) are obtainable for
renewable power and incentives are available through the Renewable Energy
Incentive Program (REIP); refer to Section 7 for a more in-depth explanation.

This simple payback calculation takes into account the incentive provided for wind
turbines through the REIP program. For the first 16,000 kWh of production, the
incentive is $3.20/kWh. For production between 16,000 kWh - 750,000 kWh the REIP
program incentive is $0.50/kWh. CDM used this incentive as an upfront deduction
from the Engineer's Opinion of Probable Cost. In addition, in order to benefit from
the REIP incentive, the District must purchase a wind turbine on the approved NJ
Clean Energy list. CDM chose the WES Tulipo wind turbine for this analysis as it is
approved by the NJ Clean Energy program and is the appropriate size for smaller
commercial installations and the limited area available on the site. Refer to the NJ
Clean Energy website for more information.

Table 4.3-3 includes a simple payback analysis for the installation of one wind turbine
energy system. Refer to Appendix K for a more detailed wind turbine financing
spreadsheet, including utility cost avoidance and REC’s.

Table 4.3-3: Simple Payback Analysis for Wind Turbine Energy System

Wind Turbine Wind Turbine Wind Turbine
Parameter (Minimum Site (Maximum Site (Average Site
Wind Speed — 8.7 | Wind Speed —12.7 Wind Speed —
mph) mph) 11.0 mph)
Engineer’s Opinion of Probable $21.875 $21.875 $21.875
Cost
Renewable Energy Incentive i i i
Program** $11,104 $21,875 $19,648
Total Cost $10,771 $0 $2,227
1% Year Production 3,470 kWh 7,970 kWh 6,140 kWh
Annual Estimated Electric Savings $584.7 $1,342.9 $1034.6
Annual Estimated REC Revenue $87 $199 $154
Project Simple Payback 16.0 Years 0 Years 1.9 Years
Annual Return On Investment o o
(AROI) 2.23% NA 49.4%
Lifetime Energy Savings (25 $21,660.1 $49,747.4 $38,326.5
years)
Internal Rate of Return (IRR) 5.79% NA 55.5%
Net Present Value (NPV) $4,035.1 $34,007.1 $23,971.7
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*Refer to Appendix ] for Wind Cad Modeling

**REIP incentive is calculated for only the first year and is applied as a deduction.

Based on the simple payback model, summarized in Table 4.3-3, it would benefit the
School District to further investigate the installation of a wind energy system for all 8
sites. This is primarily based on the initial upfront capital investment required for a
wind turbine energy system installation, the 11.0 mph average wind speed, and the
1.9 year payback period.

It should be noted that CDM used only REC values, utility cost avoidance factors, and
the REIP incentive in determining simple payback periods. As stated above, other
incentives and financial programs such as Power Purchase Agreements are available
to help finance this installation. For example, if a Power Purchase Agreement is
completed, the private company financing the project would benefit from the 30% tax
credit. Other incentives such as CREB's and first year usage incentives could be
available to the School District in lowering the payback period. Refer to
www.dsireusa.org for an extensive listing of possible incentives for the New Jersey area.

It should also be noted that the wind turbine represented above is for feasibility
purposes only. If the School District decides to install a wind turbine, different
mounting heights, turbine sizes, and manufacturers should be considered. In
addition, permits may be required for installation according to local zoning laws. The
FAA must also be notified in order to give clearance for the tower, and for installation
of aviation safety lights if necessary.

4.3.3 Computer Power Management Software

Computer power management software controls the amount of time a group of
desktop or laptop computers are powered up. The installation of power management
software is simple, and only requires a small software package to be installed on each
computer connected to a specific network. Software packages such as Night
Watchman from le Software provide remote control of computers connected to a
network, allowing for power down schedules to be setup, which can be used to
optimize energy savings by turning off computers at a designated time. The power
management software can also store energy/computer usage statistics in a database
that can be used for energy usage analysis. CDM recommends the installation of PC
power management software at six of the Glassboro School District facilities.

An energy savings analysis was performed based on the number of desktop
computers provided by the school district. Laptops were omitted from the analysis
based on the assumption that a laptop is powered down after use for transportation
or storage, and is therefore not always connected to the School District’s network. It
was also assumed that the School District does not currently have a computer shut
down/standby policy, and that the implementation of the power management
software would reduce the daily operating time from 24, to 9.5 hours, eight months
out of the year.
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Table 4.3-4 includes a simple payback analysis for the installation of PC power
management software at the six Glassboro School District facilities. Refer to Appendix
L for a more detailed PC power management software financing spreadsheet.

Table 4.3-4 Summary of PC Power Management Systems

Engineers o
. Lifetime : Annual Net Internal
. Clplineir AnE Energy ST Return On Present Rate of
Site of Energy : Payback
slelile | Savines Savings (Years) Investment Value Return
ot 95 1 (5 vears)* (AROI) (NPV) (IRR)
g‘(':?]sosotioro High | ¢5 4104 | $3,638.8 | $19,318.9 0.66 146.96% | $15,253.7 | 152.25%
Glassboro
Intermediate $1,232.8 | $2,004.2 | $10,640.6 0.62 158.57% $8,496.3 | 164.11%
School
Thomas E. o o
Bowe School $1,913.6 | $3,111.1 | $16,517.3 0.62 158.58% | $13,188.8 | 164.11%
Dorothy o o
Bullock School $1,159.2 | $2,019.2 | $10,720.2 0.57 170.19% $8,642.7 | 175.93%
J. Harvey
Rodgers $956.8 | $1,666.6 $8,848.2 0.57 170.18% $7,133.5 | 175.92%
School
Beach
Administration $239.2 $416.7 $2,212.3 0.57 170.21% $1,783.6 | 175.94%
Building

*3% yearly inflation on electricity costs

**Refer to Appendix L for Computer Power Management Calculations

It should be noted that 1e also provides software to reduce the energy consumption of
network devices and servers. Based on the daytime occupancy schedule and of a
school building, the School District could also implement this additional power
management software, and reduce the energy usage of the servers and network
devices during the unoccupied afterschool and nighttime time periods. CDM
recommends that the School District has further analysis performed, to access the
feasibility of implementation of the additional PC power management software.

4.3.4 Ground Source Heat Pumps

Geothermal systems utilize the constant temperature of the earth throughout the year
(at depths from 5 ft. to 1,000 ft. the earth temperature remains at 53 deg. F) as the
primary source of energy for the heating/cooling and domestic hot water production.
Additionally, since the earth is maintained at a constant temperature from heat
absorbed from the sun this energy is considered a “renewable resource,” and

therefore is not as reliant on existing supplies of fossil fuels.

Even though this application requires significantly higher up-front costs, it has several
advantages over conventional HVAC systems such as substantially lower operating
and maintenance costs. The life span of the system is longer than conventional heating
and cooling systems. Most loop fields are warranted for 25 to 50 years and are
expected to last at least 50 to 100 years. However it is important to note that
geothermal systems are more difficult to install in existing facilities and require higher
capital cost due to having to complete significant infrastructure changes. Therefore,
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installation of a geothermal system is not recommended at any of the Glassboro
School District facilities at this point.

4.4 Additional Measures

As discussed in Section 2, it may be possible to reduce the plug load of the buildings
even further with the implementation of smart strips and energy star appliances.
Smart Strips save energy by electronically unplugging all of the devices that are
plugged into the “ Automatically Switched outlets” when the device plugged into the
control outlet is turned off. It is important to note that CDM is not suggesting that
computers be plugged into the automatically switched off outlets, as there would be
potential for the computers to be shut off mid-operation. There are a vast amount of
computer peripherals that are typically left on after a computer is shut off, including
monitors, scanners, printers and DSL/Cable modems. These peripherals can be
plugged into the automatic outlets.

A standard Smart Strip has one “‘control” outlet, six (6) outlets that are automatically
switched off when the control device is and three (3) outlets that are always hot. An
example of how the School District can implement the use of Smart Strips within
appropriate computer stations at the Glassboro High School Library is to plug a
computer into the control outlet, five (5) monitors and a personal printer (8 W in
standby mode) into the automatic outlets and three (3) computers into the always hot
outlets. An LCD monitor can use up to 34W; in standby mode the monitor utilizes 1 -
2W. A CRT monitor typically utilizes around 75W. The following table 4.5-1
summarizes the payback of a Smart Strip, assuming 5 LCD monitors and 1 printer are
automatically powered down that would otherwise been left on 8 hours/day and in
standby mode 16 hours/day, 5 days/week for 9 months.

Table 4.4-1: Simple Payback

Smart Strip Classroom Application Example

Predicted Annual Savings — 5 LCD monitors, 1 611
printer (KWH)

*Total Annual Savings $97
Initial Capital Cost $40
Simple Payback (months) 5.0
Lifetime Energy Savings (15 years) $1,804
Net Present Value (NPV) $1,452

*Aggregate Cost of $.1589/kWh taken from the Glassboro High School

The following Table 4.4-2 summarizes other applications for the Smart Strip that may
be applicable throughout the buildings:
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Table 4.4-2 Applications for Smart Strips

Control Outlet Switched Outlets
Computer Monitors, printers, scanners, lamps
TV VCR, DVD player, cable box
Lamp Stereo, space heater

The School District should continue to implement Energy Star appliances. This is
recommended on an ‘as-needed’ basis.

In addition to replacing old appliances with Energy Star appliances, the following two
maintenance procedures can work to save the energy consumed by the refrigerators.
One is cleaning dirty condenser cgass, twice a year. A refrigerator’s condenser cgass
and cooling fins are located either under the unit behind a grille in the front or on the
back of the appliance. The cgass can be cleaned with a brush or vacuum cleaner hose.
The second source of wasted energy associated with a refrigerator is the door seal.
Realigning the door or replacing a no longer airtight door seal will work to improve
energy efficiency.

It may also be considered that the “Vending Misers” be purchased and utilized for
vending machines throughout the schools. A “Vending Miser” powers down a
vending machine when the surrounding area is unoccupied and automatically
repowers when the area is occupied, utilizing an infrared sensor. Similarly to
occupancy sensors on lighting fixtures; however, the vending miser also monitors the
ambient temperature while the vending machine is powered down and uses this as
sort of an internal thermostat to power up the machine and ensure that the drinks
remain cold. The implementation of a “Vending Miser” also reduces maintenance costs
and extends the life of the machine, by reducing the number of compressor cycles. A
“Vending Miser” is a $180 investment, but has been found to reduce power
consumption of a cold drink vending machine by an average of 46%.
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5.1 Energy Deregulation

In 1999, New Jersey State Legislature passed the Electric Discount & Energy
Competition Act (EDECA) to restructure the electric power industry in New Jersey.
This law and the deregulation of the market allowed all consumers to shop for their
electric supplier. The intent was to create a competitive market for electrical energy
supply. As a result, utilities were allowed to charge Cost of Service and customers
were given the ability to choose a third party supplier. Energy deregulation in New
Jersey increased the energy buyers” options by separating the function of electricity
distribution from that of electricity supply. The same has been done for natural gas
service.

As noted in Section 3, the District is currently benefiting from the deregulation of the
market and is utilizing South Jersey Energy as their third party supplier for electric
and Pepco as the third party supplier for natural gas.

5.2 Demand Response Program

Demand Response is a program through which a business can make money on
reducing their electricity use when wholesale electricity prices are high or when
heavy demand causes instability on the electric grid, which can result in voltage
fluctuations or grid failure. Demand Response is an energy management program
that compensates the participant for reducing their energy consumption at critical
times. Demand Response is a highly efficient and cost effective means of reducing the
potential for electrical grid failure and price volatility and is one of the best solutions
to the Mid-Atlantic region’s current energy challenges.

The program provides at least 2 hours advance notice before curtailment is required.
There is typically one event a year that lasts about three hours in the summer months,
when demand for electricity is at its highest.

Participation in Demand Response is generally done through companies known as
Curtailment Service Providers, or CSPs, who are members of PJM Interconnection.
There is no cost to enroll in the program and participation is voluntary. For instance,
you can choose when you want to participate. In most cases, there is no penalty for
declining to reduce your electricity use when you are asked to do so. The event is
managed remotely by notifying your staff of the curtailment request and then
enacting curtailment through your Building Management System. CSPs will share in a
percentage of your savings, which may differ among various CSPs, since there may be
costs associated with the hardware and/ or software required for participation, so it is
recommended that a number of CSPs be contacted to review their offers.
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Ranking of Energy Conservation and
Retrofit Measures (ECRM)

6.1 ECRMs

The main objective of this energy audit is to identify potential Energy Conservation
and Retrofit Measures and to determine whether or not the identified ECRM’s are
economically feasible to warrant the cost for planning and implementation of each
measure. Economic feasibility of each identified measure was evaluated through a
simple payback analysis. The simple payback analysis consists of establishing the
Engineer’s Opinion of Probable Construction Cost estimates, O&M cost savings
estimates, projected annual energy savings estimates and the potential value of New
Jersey Clean Energy Rebates or Renewable Energy Credits, if applicable. The simple
payback period is then determined as the amount of time (years) until the energy
savings associated with each measure amounts to the capital investment cost.

As discussed in Section 3, aggregate unit costs for electrical energy delivery and usage
and natural gas delivery and usage, which accounts for all demand and tariff charges
at each complex, was determined and utilized in the simple payback analyses.

In general, ECRMs having a payback period of 20 years or less have been
recommended and only those recommended ECRMs within Section 4 of the report
have been ranked for possible implementation. The most attractive rankings are those
with the lowest simple payback period.

Ranking of ECRMs has been broken down into the following categories:
m Lighting Systems

m HVAC Systems

m Solar

» Wind

m Power Management Software

6.1.1 Lighting Systems

Table 6.1-1 includes the recommended ECRMs to provide energy savings for all
building lighting systems, which include the installation of energy-efficient
luminaires and occupancy sensors. A detailed discussion on building lighting
systems is presented in Section 4.1.
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Table 6.1-1
Ranking of Energy Savings Measures Summary — Lighting System Retrofits
Ién?é?:r?ro? Annual Simple
Location/Measure PF;obabIe Incentives | Total Cost Fiscal Payback
. Savings® (Years)
ost
Glassboro Intermediate School
Annex - Lighting Upgrades $1,269 $210 $1,059 $601 1.8
Beach Administration Building -
Lighting Upgrades $2,758 $120 $2,637.8 $672 3.9
Glassboro High School -
Lighting Upgrades $61,282 $6,110 $55,172 $8,178 6.7
Dorothy Bullock School -
Lighting Upgrades $49,071 $4,735 $44,336 $5,927 7.5
Thomas E. Bowe School -
Lighting Upgrades $74,097 $4,915 $69,182 $8,675 8.0
J. Harvey Rodgers School -
Lighting Upgrades $23,615 $1,780 $21,835 $2,538 8.6
Elsmere School - Lighting
Upgrades $7,032 $0 $7,032 $446 15.8
Glassboro Intermediate School
- Lighting Upgrades $13,175 $665 $12,510 $699 17.9

1. ‘Total Cost’ takes into account any applicable rebates.

2. ‘Annual Fiscal Savings’ takes into account maintenance costs savings.

6.1.2 HVAC Systems

Table 6.1-2 includes the recommended ECRM to provide energy savings for building
HVAC systems, most of which provide a simple payback of less than 20 years. A
detailed discussion on building HVAC systems is presented in Section 4.2.

Table 6.1-2
Ranking of Energy Savings Measures Summary — HVAC System Upgrades
’Annual Simple
Retrofit Total Fiscal Payback
Building Measure Cost Incentives Cost Savings (Years)

Glassboro Intermediate School BMS $34,886 $0 $34,886 $22,296 1.6
Glassboro High School BMS $65,501 $0 $65,501 $20,811 3.1
J. Harvey Rodgers School BMS $22,535 $0 $22,535 $5,002 4.5
*Glassboro High School Boiler $193,718 - $193,718 $26,322 7.4
Glassboro Intermediate School Boiler $245,670 $12,000 $233,670 $29,644 7.9
Dorothy Bullock School Boiler $182,563 $5,000 $177,563 $20,013 8.9
Elsmere School Boiler $42,981 $698 $42,283 $2,129 19.9

1. ‘Total Cost’ takes into account any applicable rebates.

2. ‘Annual Fiscal Savings' takes into account maintenance costs savings.
3. Incentives for boilers exceeding 4,000 MBH are granted on a case by basis, per New Jersey

Clean Energy Program
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6.1.3 Solar Energy

Implementation of new solar energy systems have been evaluated to determine the
economic feasibility for furnishing and installing such systems for eight buildings for
the Glassboro School District. Based on the simple payback modeling performed, it
would benefit the District to further investigate installing the solar energy systems.
This is primarily based on the initial upfront capital investment required for a solar
energy system installation and the average 14.1 year payback period.

Two major factors influencing the project financial evaluation is the variance of the
prevailing energy market conditions and Solar Renewable Energy Credit (SREC)
rates, with the largest impact to the payback model being the SREC credit pricing. For
the payback model, conservative estimates of the SREC’s market value over a 15 year
period were assumed, as discussed in Section 4.3.

Table 6.1-3 includes a simple payback analysis for the installation of eight solar

energy systems for the Glassboro School District. Refer to Appendix D for a more
detailed solar financing spreadsheet.

Table 6.1-3 Ranking of Energy Savings Measures Summary — Solar Energy Systems

Annual Simple
Annual SREC Fiscal Payback
Building & Measure Retrofit Cost Credit Savings (Years)
Dorothy Bullock School - Solar $5,045.919 $365,195 $81,068 113
Energy System
Thomas E. Bowe School -
Solar Energy System $5,491,138 $398,236 $82,509 114
Glassboro High School - Solar $7,825,535 $571,478 $109,946 115
Energy System
J. Harvey Rodgers School -
Solar Energy System $3,210,110 $228,955 $50,825 115
Beach Administration Building
_ Solar Energy System $741,716 $45,768 $10,160 13.2
Glasshoro Intermediate School
 Solar Energy System $790,843 $49,414 $10,238 13.3
Elsmere School - Solar Energy $237.500 $8.349 $1.977 230
System
Glasshoro Intermediate School
Annex - Solar Energy System $181,250 $4,175 $1,050 34.7

6.1.4 Wind Power Generation

Implementation of a new on-site wind energy system has been evaluated to
determine the economic feasibility for furnishing and installing such systems for the

Glassboro School District. Based on the simple payback modeling performed, it

would benefit the School District to further investigate installing the on-site wind
energy systems at the eight surveyed locations. This is primarily based on the initial
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upfront capital investment required for a wind energy system installation and an

acceptable payback period.

Three major factors influencing the project financial evaluation is the variance of the
prevailing energy market conditions, Renewable Energy Certificate (REC) rates and
the Renewable Energy Incentive Program, with the largest impact to the simple

payback model being the REIP incentive.

Table 6.1-4, includes a summary of the wind energy ECRM for the Glassboro School

District.

Table 6.1-4: Simple Payback Analysis for Wind Turbine Energy System

Wind Turbine Wind Turbine Wind Turbine
Parameter (Minimum Site (Maximum Site (Average Site
Wind Speed — 8.7 | Wind Speed —12.7 Wind Speed —
mph) mph) 11.0 mph)
Engineer’s Opinion of Probable $21,875 $21,875 $21,875
Cost
Renewable Energy Incentive
Program** -$11,104 -$21,875 -$19,648
Total Cost $10,771 $0 $2,227
1% Year Production 3,470 kWh 7,970 kWh 6,140 kWh
Annual Estimated Electric Savings $584.7 $1,342.9 $1034.6
Annual Estimated REC Revenue $87 $199 $154
Project Simple Payback 16.0 Years 0 Years 1.9 Years
Annual Return On Investment o o
(AROI) 2.23% NA 49.4%
Lifetime Energy Savings (25 $21,660.1 $49,747.4 $38,326.5
years)
Internal Rate of Return (IRR) 5.79% NA 55.5%
Net Present Value (NPV) $4,035.1 $34,007.1 $23,971.7

6.1.5 Computer Power Management Software

Implementation of computer power management software has been evaluated to
determine the economic feasibility for furnishing and installing such systems for the
Glassboro School District. Based on the simple payback modeling performed, it
would benefit the School District to further investigate installing the software at the

six locations.

Table 6.1-5 includes a typical simple payback analysis for the installation of the

computer power management software at six of the Glassboro School District
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Table 6.1-5: Simple Payback Analysis for Computer Power

Management Software

ETETEETS Lifetime
Opi