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Disclaimer

The intent of this energy analysis report is to identify energy savings opportunities and recommend
upgrades to the facility’s energy using equipment and systems. Approximate savings are included in this
report to help make decisions about reducing energy use at the facility. This report, however, is not
intended to serve as a detailed engineering design document. Further design and analysis may be
necessary to implement some of the measures recommended in this report.

The energy conservation measures and estimates of energy savings have been reviewed for technical
accuracy. However, estimates of final energy savings are not guaranteed, because final savings may
depend on behavioral factors and other uncontrollable variables. TRC Energy Services (TRC) and New
Jersey Board of Public Utilities (NJBPU) shall in no event be liable should the actual energy savings vary.

Estimated installation costs are based on TRC's experience at similar facilities, pricing from local
contractors and vendors, and/or cost estimates from RS Means. The owner of the facility is encouraged
to independently confirm these cost estimates and to obtain multiple estimates when considering
measure installations. Since actual installed costs can vary widely for certain measures and conditions,
TRC and NJBPU do not guarantee installed cost estimates and shall in no event be held liable should actual
installed costs vary from estimates.

New Jersey’s Clean Energy Program (NJCEP) incentive values provided in this report are estimates based
on program information available at the time of the report. Incentive levels are not guaranteed. The
NJBPU reserves the right to extend, modify, or terminate programs without prior notice. The owner of the
facility should review available program incentives and eligibility requirements prior to selecting and
installing any energy conservation measures.
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| EXECUTIVE SUMMARY

The New Jersey Board of Public Utilities (NJBPU) has sponsored this Local Government Energy Audit
(LGEA) Report for Marlboro Elementary School.

The goal of an LGEA report is to provide you with information on how your facility uses energy, identify
energy conservation measures (ECMs) that can reduce your energy use, and provide information and
assistance to help facilities implement ECMs. The LGEA report also contains valuable information on
financial incentives from New Jersey’s Clean Energy Program (NJCEP) for implementing ECMs.

This study was conducted by TRC Energy Services (TRC), as part of a comprehensive effort to assist New
Jersey local school districts in controlling energy costs and protecting our environment by offering a wide
range of energy management options and advice.

I.1 Facility Summary

Marlboro Elementary School is a 74,219 square-foot, one-story facility comprised of classrooms offices,
food preparation, dining areas, offices, maintenance and storage areas and a gymnasium. Gas fired boilers
and a large domestic hot water tank are housed in a mechanical room. There are a number of roof top
units (RTUs) and split system air-conditioning units as well as window AC units.

Lighting at Marlboro Elementary School consists of linear fluorescent 1-, 2-, 3- and 4-lamp fixtures with T8
or T12 lamps. A thorough description of the facility and our observations are in Section 2.

.2 Your Cost Reduction Opportunities

Energy Conservation Measures

TRC evaluated 14 measures and recommends 12 measures which together represent an opportunity for
Marlboro Elementary School to reduce annual energy costs by roughly $22,470 and annual greenhouse
gas emissions by 179,344 lbs. CO,e. We estimate that if all measures were implemented as
recommended, the project would pay for itself in 6.7 years. The breakdown of existing and potential utility
costs after project implementation are illustrated in Figure 1 and Figure 2, respectively. Together these
measures represent an opportunity to reduce Marlboro Elementary School’s annual energy use by 11%.

Figure | — Previous 12 Month Utility Costs Figure 2 — Potential Post-Implementation Costs

70,000  $65,574

$60,000

Gas $50,000
$432§;,20 $40,000
$30,000

$20,000

Electric $10,000
$65,574 50
61% Electric Gas

% [v) 0,
Reduction: 33% 2%

$43,833 442720 $41,991

$108,294

B Pre-Implementation Cost

LGEA: Energy Audit Report — Marlboro Elementary School 1
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A detailed description of Marlboro Elementary School’s existing energy use can be found in Section 3.

Estimates of the total cost, energy savings, and financial incentives for the proposed energy efficient
upgrades are summarized below in Figure 3. A brief description of each category can be found below and
a description of savings opportunities can be found in Section 4.

Figure 3 — Summary of Energy Reduction Opportunities

Annual Peak  Annual Annual . . . Simple  CO,e
Electric Demand Fuel Energy Cost e Payback Emissi
Energy Conservation Measure Recommend? . ) ) L Install Cost Incentive  NetCost - missions
Savings Savings Savings Savings ) (o I Period Reduction
(kWh) (kW)  (MMBtu) ) (yrs)™  (Ibs)
ECM 1 |Install LED Fixtures Yes 1,658 0.2 0.0 $211.69 $3,905.99 $200.00 $3,705.99 17.5 1,670
ECM 2 |Retrofit Fluorescent Fixtures with LED Lamps and Drivers Yes 250 0.1 0.0 $31.88 $327.50 $25.00 $302.50 9.5 251
Retrofit Fixtures with LED Lamps 62,464 . $7,974.33 | $63,761.37 | $12,300.00 | $51,461.37
ECM 4 |Install Occupancy Sensor Lighting Controls Yes 18,079 5.6 0.0 $2,308.05 | $22,490.00 | $2,820.00 | $19,670.00 8.5 18,206
Install High/Low Lighitng Controls 1,979 . . $252.64 $3,600.00 $0.00 $3,600.00
| [Premium Effciency Motors | No [ 416 | 12 [ 00 [ $5545 | §7145.24 $7,145.24 4,145
ECM 7 [Install High Eficiency Heat Pumps 48897 | 59 | 00 | 9624238 | $4311024 | $1,748.00 | 4136224 | 66 | 49239
| [install High Eficiency Hot Water Boilers [ No | o | oo [ 408 | $435898 [$187,73050 $187,730.50 46,928
ECM 8 |Install High Efficiency Gas Water Heater Yes 0 0.0 65.0 $706.94 $11,558.00 $400.00 [ $11,158.00 15.8 7,611
ECM 9 |Install Low-Flow Domestic Hot Water Devices Yes 0 0.0 2.1 $22.47 $7.17 $0.00 $7.17 0.3 242
ECM 10 [Refrigerator/Freezer Case Electrically Commutated Motors Yes 1,879 0.2 0.0 $239.83 $909.90 $0.00 §909.90 3.8 1,892

ECM 11

Refrigeration Controls Yes 1,107 0.0 0.0 $141.37 $1,674.00 $75.00 $1,599.00 1.3

1,115

| ECM 12 [VendngMachine Contol | Yes | 105 | 00 | 00 | Su950 | 6000 | $000 | $460.00 | 18 | 1968 ]

TOTAL FOR RECOMMENDED MEASURES 170,301 35.5 67.1 $22,470.50 $168,208.36 $17,568.00 $150,640.36 6.7
TOTAL FOR ALL MEASURES 174,417 36.7 4679  $27,354.93 $363,084.11 $17,568.00 $345516.11 12.6

* - Allincentives presented in this table are based on NJ Smart Start Building equipment incentives and assume proposed equipment meets minimum performance criteria for that program.

** - Simple Payback Period is based on net measure costs (i.e. after incentives).

Lighting Upgrades generally involve the replacement of existing lighting components such as lamps and
ballasts (or the entire fixture) with higher efficiency lighting components. These measures save energy by
reducing the power used by the lighting components due to improved electrical efficiency.

Lighting Controls measures generally involve the installation of automated controls to turn off lights or
reduce light output when not needed. Automated control reduces reliance on occupant behavior for
adjusting lights. These measures save energy by reducing the amount of time lights are on.

Motor Upgrades generally involve replacing older standard efficiency motors with high efficiency
standard (NEMA Premium®). Motors replacements generally assume the same size motors, just higher
efficiency. Although occasionally additional savings can be achieved by downsizing motors to better meet
current load requirements. This measure saves energy by reducing the power used by the motors, due to
improved electrical efficiency.

Variable Frequency Drives (VFDs) are motor control devices. These measures control the speed of a
motor so that the motor spins at peak efficiency during partial load conditions. Sensors adapt the speed
to flow, temperature, or pressure settings which is much more efficient that usage a valve or damper to

LGEA: Energy Audit Report — Marlboro Elementary School 2
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control flow rates, or running the motor at full speed when only partial power is needed. These measures
save energy by controlling motor usage more efficiently.

Electric Unitary HVAC measures generally involve replacing older inefficient air conditioning systems with
modern energy efficient systems. New air conditioning systems can provide equivalent cooling to older
air condition systems at a reduced energy cost. These measures save energy by reducing the power used
by the air conditioning systems, due to improved electrical efficiency.

Gas Heating (HVAC/Process) measures generally involve replacing older inefficient hydronic heating
systems with modern energy efficient systems. Gas heating systems can provide equivalent heating
compared to older systems at a reduced energy cost. These measures save energy by reducing the fuel
demands for heating, due to improved combustion and heat transfer efficiency.

Domestic Hot Water upgrade measures generally involve replacing older inefficient domestic water
heating systems with modern energy efficient systems. New domestic hot water heating systems can
provide equivalent, or greater, water heating capacity compared to older systems at a reduced energy
cost. These measures save energy by reducing the fuel used for domestic hot water heating due to
improved heating efficiency or reducing standby losses.

Food Service Equipment & Refrigeration measures generally involve improvements in the efficiency of
cooking, food service, dishwashing, and food storage equipment. These measures may include more
efficient convection ovens, steamers, ice machines, or refrigeration. These measures save energy by
reducing the energy usage with more energy efficient equipment.

Plug Load Equipment control measures generally involve installing automated devices that limit the
power usage or operation of equipment that are into plugged into electric outlets when not in use.

Energy Efficient Practices

TRC also identified eight low cost (or no cost) energy efficient practices. A facility’s energy performance
can be significantly improved by employing certain behavioral or operational adjustments and by
performing better routine maintenance on building systems. These practices can extend equipment
lifetime, improve occupant comfort, provide better health and safety, as well as reduce annual energy
and O&M costs. Potential opportunities identified at Marlboro Elementary School include:

e Reduce Air Leakage

e Perform Proper Lighting Maintenance

e Develop a Lighting Maintenance Schedule

e (Clean Evaporator/Condenser Coils on AC Systems
e Clean and/or Replace HVAC Filters

e Perform Proper Boiler Maintenance

e Perform Proper Furnace Maintenance

e Perform Proper Water Heater Maintenance

For details on these energy efficient practices, please refer to Section 5.

LGEA: Energy Audit Report — Marlboro Elementary School 3
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On-Site Generation Measures

TRC evaluated the potential for installing on-site generation for Marlboro Elementary School. Based on
the configuration of the site and its loads there is a high potential for installing a photovoltaic (PV) array.

Figure 4 — Photovoltaic Potential

Potential High
System Potential 60 kW DC STC
Electric Generation 71,482 kWhiyr

Displaced Cost $6,220 Iyr
Installed Cost $156,000

For details on our evaluation and on-site generation potential, please refer to Section 6.

.3 Implementation Planning

To realize the energy savings from the ECMs listed in this report, a project implementation plan must be
developed. Available capital must be considered and decisions need to be made whether it is best to
pursue individual ECMs separately, groups of ECMs, or a comprehensive approach where all ECMs are
implemented together, possibly in conjunction with other facility upgrades or improvements.

Rebates, incentives, and financing are available from NJCEP, as well as other sources, to help reduce the
costs associated with the implementation of energy efficiency projects. Prior to implementing any
measure, please review the relevant incentive program guidelines before proceeding. This is important
because in most cases you will need to submit applications for the incentives prior to purchasing materials
or commencing with installation.

The ECMs outlined in this report may qualify under the following program(s):

e SmartStart

e Direct Install

e SREC (Solar Renewable Energy Certificate) Registration Program (SRP)
e Energy Savings Improvement Program (ESIP)

For facilities wanting to pursue only selected individual measures (or planning to phase implementation
of selected measures over multiple years), incentives are available through the SmartStart program. To
participate in this program, you may utilize internal resources, or an outside firm or contractor, to do the
final design of the ECM(s) and do the installation. Program pre-approval is required for some SmartStart
incentives, so only after receiving pre-approval should you proceed with ECM installation. The incentive
estimates listed above in Figure 3 are based on the SmartStart program. More details on this program and
others are available in Section 8.

This facility may also qualify for the Direct Install program which can provide turnkey installation of
multiple measures, through an authorized network of participating contractors. This program can provide
substantially higher incentives that SmartStart, up to 70% of the cost of selected measures, although
measure eligibility will have to be assessed and be verified by the designated Direct Install contractor and,
in most cases, they will perform the installation work.

LGEA: Energy Audit Report — Marlboro Elementary School 4
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For larger facilities with limited capital availability to implement ECMs, project financing may be available
through the Energy Savings Improvement Program (ESIP). Supported directly by the NJBPU, ESIP provides
government agencies with project development, design, and implementation support services, as well as,
attractive financing for implementing ECMs. An LGEA report (or other approved energy audit) is required
for participation in ESIP. Please refer to Section 8.4 for additional information on the ESIP Program.

The Demand Response Energy Aggregator is a (hon-NJCEP) program designed to reduce electric loads at
commercial facilities, when wholesale electricity prices are high or when the reliability of the electric grid
is threatened due to peak power demand. Demand Response (DR) service providers (a.k.a. Curtailment
Service Providers) are registered with PJM, the independent system operator (ISO) for mid-Atlantic state
region that is charged with maintaining electric grid reliability. By enabling grid operators to call upon
commercial facilities to reduce their electric usage during times of peak demand, the grid is made more
reliable and overall transmission costs are reduced for all ratepayers. Curtailment Service Providers
provide regular payments to medium and large consumers of electric power for their participation in DR
programs. Program participation is voluntary and facilities receive payments whether or not they are
called upon to curtail their load during times of peak demand. Refer to Section 7 for additional information
on this program.

Additional information on relevant incentive programs is located in Section 8 or:
www.njcleanenergy.com/ci.
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2 FACILITY INFORMATION AND EXISTING CONDITIONS

2.1 Project Contacts

Figure 5 — Project Contacts

Name Role E-Mail Phone #
Customer

Cindy Barr-Rague 2:22?; Administaton/Board cbarr-rague@mips.org (E7:t2)2§17§ 2000
Michael Crivell Supervisor of Building & Grounds | mcrivelli@mips.org (732) 972-2122
TRC Energy Services

Smruti Srinivasan |Auditor |Ssrinivasan@trcsolutions.com |(732) 855-0033

2.2 General Site Information

On March 28, 2018, TRC performed an energy audit at Marlboro Elementary School located in Marlboro,
New Jersey. TRC's team met with Al Giezey to review the facility operations and help focus our
investigation on specific energy-using systems.

The building was constructed in 1970. The original building had a square footprint with an open courtyard
in the center. In 1992, an addition was building in the center for the courtyard housing what is now the
media center. The gym was added as an extension to the rear of the building.

2.3 Building Occupancy

The school building is open Monday through Friday and as needed on the weekends.

Figure 6 - Building Schedule

Building Name Weekday/Weekend | Operating Schedule
Mariboro Elementary School Weekday 7AM -3 PM
Marlboro Elementary School Weekend 8AM -2PM
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2.4 Building Envelope

Marlboro Elementary School is a 74,219 square-foot, single-story facility comprised of classrooms offices,
food preparation and dining areas, offices, maintenance and storage areas and a gymnasium. Gas fired
boilers and a large domestic hot water tank are housed in a mechanical room. There are several roof top
units (RTUs) and split system air-conditioning units as well as window AC units.

The building is constructed of concrete block with a brick veneer, and structural steel roof framing. The
building has flat roof sections covered with rubber membrane or foam that is in fair condition. The original
building has single pane windows and the media center has double pane windows. All windows have
metal frames and are in fair condition.

Figure 1: Building Envelope

2.5 On-Site Generation

Marlboro Elementary School does not have any on-site electric generation capacity.

2.6 Energy-Using Systems

Please see Appendix A: Equipment Inventory & Recommendations for an inventory of the facility’s
equipment.
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Lighting System

Lighting is provided mostly by 32-Watt linear fluorescent T8 lamps with electronic ballasts as well as some
compact fluorescent lamps (CFL). Most of the fixtures are 1-, 2-, 3- or 4-lamp, 4-foot long troffers with
diffusers.

Lighting control in most spaces is provided by wall switches. The administrative areas of the building have
wall mounted occupancy sensors.

The building’s exterior lighting includes pole fixtures with high pressure sodium luminaires, a compact
fluorescent (CFL) wall-pack, and CFL and linear fluorescent fixtures in a covered walkway. The covered
walkway fixtures are controlled by a timer and the wall-pack and pole fixtures are controlled by photocells.
The gym has 250-Watt pin-based CFL high-bay fixtures.

Figure 2: Lighting Systems
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Hot Water Heating System

The hot water system consists of two Superior Model H 5,120 kBtu/hr. input scotch marine forced draft.
The boilers have a nominal combustion efficiency of 80%. The boilers are configured in a constant flow
distribution with two 15 HP hot water pumps supplying the unit heaters and radiators in the original
building, and two 3 HP pumps supplying the fan coil units in the gym. The boilers operate in a lead/lag
configuration. Only a single boiler is required to meet the facility heating demand. Boiler operation is
rotated weekly.

The boilers are over 40 years old and may be nearing the end of their useful life.

Figure 3: Hot Water Heating Systems

Direct Expansion Air Conditioning System (DX)

There are 11 DX roof top units (RTUs) serving administrative offices, the media center, cafeteria, tech
closets and maintenance office. The RTUs are equipped with economizers. The Principal’s office has a
mini-split system with a wall mounted evaporator and a roof mounted condenser. There are also window
AC units and package terminal air conditioners serving other parts of the building.

The building has a Barber Coleman Network 8000 building energy management system (BEMS) that
controls the HVAC systems. Occupied set points are 74°F heating and 68°F cooling. Unoccupied set points
are 68°F heating and 74°F cooling.

Figure 4: DX Cooling Systems

LGEA: Energy Audit Report — Marlboro Elementary School 9



) | Teahensroy CTRC

program™ Results you can rely on

Domestic Hot Water Heating System

The domestic hot water heating system for the facility is an indirect system that uses a pump to circulate
heating hot water from the heating system boilers to a heat exchanger in a large domestic hot water tank.
One small circulation pump circulates domestic hot water to the rest of the building. The teacher lounge
rest room is served by a 4.1 kW tankless water heater for the lavatory.

Food Service Equipment

Most of the cooking is done using the four convection ovens. There is also a large electric food holding
cabinet and a single tank conveyer dish washer.

Refrigeration

The kitchen has a walk-in refrigerator with a 0.25-ton compressor and a walk-in freezer with a 0.5-ton
compressor that are used to store food prepared for school lunches. The kitchen also has a free standing
commercial size refrigerator and display cooler.

Building Plug Load

There are roughly 71 computer work stations and 45 small to medium printers throughout the facility.
Most of the computers are desktop units with LCD monitors. There is no centralized PC power
management software installed. There are also roughly 73 projectors and 41 smart boards.

Other plug loads include staff refrigerators, coffee machines, toaster ovens, fans, microwaves, a pretzel
warmer and a display warmer.

2.7  Water-Using Systems

A sampling of restrooms found that one faucet in the kitchen rest room was rated for 2.5 gallons per
minute (gpm).
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3 SITE ENERGY USE AND COSTS

Utility data for electricity and natural gas was analyzed to identify opportunities for savings. In addition,
data for electricity and natural gas was evaluated to determine the annual energy performance metrics
for the building in energy cost per square foot and energy usage per square foot. These metrics are an
estimate of the relative energy efficiency of this building. There are many factors that could cause the
energy use of this building to vary from the “typical” energy usage profile for facilities with similar
characteristics. Local weather conditions, building age and insulation levels, equipment efficiency, daily
occupancy hours, changes in occupancy throughout the year, equipment operating hours, and energy
efficient behavior of occupants all contribute to benchmarking scores. Please refer to the Benchmarking
section within Section 3.4 for additional information.

3.1 Total Cost of Energy

The following energy consumption and cost data is based on the last 12-month period of utility billing
data that was provided for each utility. A profile of the annual energy consumption and energy cost of the
facility was developed from this information.

Figure 7 - Utility Summary

Fuel Usage Cost

Electricity 513,655 kWh $65,574
Natural Gas 39,279 Therms $42,720
Total $108,294

The current annual energy cost for this facility is $108,294 as shown in the chart below.

Figure 8 - Energy Cost Breakdown

Gas
$42,720
39%

Electric
$65,574
61%

$108,294
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3.2 Electricity Usage

Electricity is provided by JCP&L. The average electric cost over the past 12 months was $0.128/kWh, which
is the blended rate that includes energy supply, distribution, and other charges. This rate is used
throughout the analyses in this report to assess energy costs and savings. The monthly electricity
consumption and peak demand are shown in the chart below. The usage pattern is indicative of reduced
summer operation as compared to other periods, although the building is cooled.

Figure 9 - Electric Usage & Demand

Electric Usage & Demand
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Figure 10 - Electric Usage & Demand

Electric Billing Data for Marlboro Elementary School

Period Days in Electric .
. . Usage Demand (kW) |Demand Cost | Total Electric Cost
Ending Period
(kWh)

6/3/16 28 40,160 145 $0 $4,987
7/6/16 33 31,160 140 $0 $4,267
8/31/16 56 33,280 140 $0 $4,360
9/30/16 30 30,400 140 $0 $4,082
10/31/16 31 46,880 165 $0 $4,974
11/4/16 4 42,560 165 $0 $5,501
12/4/16 30 42,560 165 $0 $5,512
114117 31 52,000 163 $0 $6,496
21417 31 51,520 164 $0 $6,622
377 31 59,200 161 $0 $7,479
414117 28 41,760 161 $0 $5,610
5/4/17 30 39,360 155 $0 $5,324
Totals 363 510,840 165.3 $0 $65,215
Annual 365 513,655 165.3 $0 $65,574
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3.3 Natural Gas Usage

Natural gas is provided by NJ Natural Gas. The average gas cost for the past 12 months is $1.088/therm,
which is the blended rate used throughout the analyses in this report. The monthly gas consumption is
shown in the chart below. The usage profile is typical of a building using fossil fuel for heating in a
temperate climate with minimal DHW usage.

Figure Il - Natural Gas Usage
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Gas Billing Data for Marlboro Elementary School

Figure 12 - Natural Gas Usage

. . Natural Gas TRC
Period Days in .

. . Usage Natural Gas Cost | Estimated
Ending Period

(Therms) Usage?

5/31/16 32 2,072 $2,163 No
6/30/16 30 145 $575 No
8/1/16 32 75 $458 Yes
8/29/16 28 5 $460 No
9/27/16 29 173 $598 No
10/27/16 30 1,449 $1,625 No
11/29/16 33 4,489 $4,735 No
12/30/16 31 6,925 $6,976 No
113117 32 8,036 $7,989 No
3117 29 6,463 $7,207 No
33117 30 7,004 $7,19 No
51117 31 2,659 $2,973 No
Totals 367 39,495 $42,954
Annual 365 39,279 $42,720
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3.4 Benchmarking

This facility was benchmarked using Portfolio Manager®, an online tool created and managed by the
United States Environmental Protection Agency (EPA) through the ENERGY STAR® program. Portfolio
Manager® analyzes your building’s consumption data, cost information, and operational use details and
then compares its performance against a national median for similar buildings of its type. Metrics provided
by this analysis are Energy Use Intensity (EUI) and an ENERGY STAR® score for select building types.

The EUIl is a measure of a facility’s energy consumption per square foot, and it is the standard metric for
comparing buildings’ energy performance. Comparing the EUI of a building with the national median EUI
for that building type illustrates whether that building uses more or less energy than similar buildings of
its type on a square foot basis. EUl is presented in terms of “site energy” and “source energy.” Site energy
is the amount of fuel and electricity consumed by a building as reflected in utility bills. Source energy
includes fuel consumed to generate electricity consumed at the site, factoring in electric production and
distribution losses for the region.

Figure 13 - Energy Use Intensity Comparison — Existing Conditions

Energy Use Intensity Comparison - Existing Conditions

National Median
Marlboro Elementary School
E Building Type: School (K-12)
Source Energy Use Intensity (kBtu/ft’) 129.7 141.4
Site Energy Use Intensity (kBtu/ft?) 76.5 58.2

Implementation of all recommended measures in this report would improve the building’s estimated EUI
significantly, as shown in the table below:

Figure 14 - Energy Use Intensity Comparison - Following Installation of Recommended Measures

Energy Use Intensity Comparison - Following Installation of Recommended Measures

National Median
Marlboro Elementary School
o Building Type: School (K-12)
Source Energy Use Intensity (kBtu/ft?) 103.9 141.4
Site Energy Use Intensity (kBtu/ft®) 67.7 58.2

Many types of commercial buildings are also eligible to receive an ENERGY STAR® score. This score is a
percentile ranking from 1 to 100. It compares your building’s energy performance to similar buildings
nationwide. A score of 50 