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Jonathon Gridley South Jefferson High School
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Executive Summary:

This report develops a detailed energy analysis of South Jefferson High School.
Several different approaches to examining the buildings energy compliance are
employed.

The U.S. Green Building Council’s LEED for New Construction version 2.2 rating
system is used to look at all possible green aspects of South Jefferson High
School. Although it was not designed to meet the LEED criteria, the evaluation
shows it would be possible to receive 28 out of a possible 69 points obtaining
enough points for the building to be LEED Certified.

ASHRAE Standard 90.1-2004 is another non—mechanical energy performance
baseline to help building energy efficiency. South Jefferson complies with the
envelope, lighting, and mechanical system criteria.

The total amount of lost rentable space was determined to be less than 7% of the
total building floor area. The mechanical system first cost was calculated next.
At a total cost of almost $4.22 million, this equates to $20.98 per square foot.

Trane's TRACE 700 was used as the energy modeling software to calculate the
design loads and perform an energy analysis on South Jefferson High School.
The results of this energy analysis showed that the building would use 1,756,057
kWh of energy each year.

Finally, an emissions analysis was performed on the school with its large yearly
consumption of electric. The quantities of off—site pollutants of carbon dioxide
emissions associated with on-site electricity use.
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Mechanical Option Huyett Road
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Introduction:

South Jefferson High School is a two story 232,705 s.f. secondary school utilized
by 1200 students.

Building and Plant Systems and Equipment:

Cooling of South Jefferson high school is done by the school’s 14 packaged roof
top units (RTU) with condensing units, ranging in size from 4,500 cfm to 25,500
cfm. All refrigeration coils are direct-expansion instead of chilled water. This
eliminates the need for chillers in the plant and chilled water piping throughout
the building. Calculated cooling capacities of the packaged DX roof top units
were developed in the Trane TRACE software and can be seen in Figure 1.

Building Airside Systems and Plant Capacities
Peak Plant Loads Block Plant Loads

Time

Main Peak Of Main Block

Coil Total Peak Coil Total

Plant System ton ton mo/hr  ton ton
Cooling plant - 001 5859 5904 Mz 573.2 577.7
AHU-8 6.4 1089 M2 6.4 10.9

AHU-2 824 824 7z 815 81.5

AHU-3 302 302 712 30.2 30.2

AHU-4 68.1 68.1 7z 68.1 68.1

AHU-5 407 407 7z 407 40.7

AHU-6 205 205 M2 205 20.5

AHU-7 493 493 7z 475 475

AHU-1 727 727 M2 727 72.7

AHU-9 371 371 7z 366 36.6

AHU-10 422 422 712 422 42.2

AHU-11 10.0 10.0 M2 4.5 45

AHU-12 3286 326 7z 328 32.6

AHU-13 46.1 46.1 M2 44 .4 44.4

AHU-14 476 476 7z 454 45.4
Building totals 5859 5904 573.2 577.7

Building peak load is 590.4 tons.
Building maximum block load of 577.7 tons occurs in July at hour 12
based on system simulation.

Figure 1 — Building Airside Systems and Plant Capacities

Hot water coils in the RTU’s plus auxiliary heating coils scattered throughout
South Jefferson High School are heated hydronically by two hot water boilers.
These boilers are designed for heating by electric resistance. The heating
system also incorporates a primary-secondary pumping system. Two primary
and two secondary (building loop) system water pumps were installed. The
pumps are provided with variable frequency controllers to offer an energy-—
saving variable flow system.
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Introduction to LEED NC 2.2:

The Leadership in Energy and Environmental Design (LEED) Green
Building Rating System was established by the U.S. Green Building Council
to improve the environmental and economic performance of new and
existing commercial, institutional, and high-rise residential buildings.

The rating system consists of the following 6 major categories, and
maximum points:

- Sustainable Sites:

- Water Efficiency:

- Energy and Atmosphere:

- Materials and Resources:

- Indoor Environmental Quality:

- LEED Innovation Credits:

- Total Maximum Possible Points:

Certification Levels:

LEED Certified:

LEED Certified Silver:
LEED Certified Gold:
LEED Certified Platinum:

14
05
17
13
15
05
69

26-32 points or >37% of max.
33-38 points or >47% of max.
39-51 points or >56% of max.
52-69 points or >75% of max.

The mechanical system of a building has and impact on the five of the
major LEED categories:

1.

Ot W

Water Efficiency

Energy and Atmosphere
Materials and Resources
Indoor Environmental Quality
LEED Innovation Credits

There is potential for to almost be LEED certified with all of the points
that can be generated by the mechanical system alone.

LEED NC 2.2 Analysis:

South Jefferson High School was not designed with the intent to improve
the environmental and economic performance of the building by following
the LEED rating system. For this report, a LEED checklist was formulated
showing that the school had the potential to obtain LEED certification. The
tally of a possible 28 points, as well as a description of how each point
could be obtained is attached in Appendix D.

Building and Plant Energy Analysis Report



Jonathon Gridley South Jefferson High School
Mechanical Option Huyett Road
Faculty Consultant: Dr. Srebric Charles Town, WV 25414

Introduction to ASHRAE Standard 90.1:
The purpose of this standard is to provide minimum requirements for the energy
efficient design of buildings except low rise residential buildings.

ASHRAE Standard 90.1 requires energy efficiencies for building envelopes,
lighting, HVAC systems, and service hot water. The provisions of this standard
apply to a given building if the enclosed spaces are heated by a heating system
whose output capacity is greater than or equal to 3.4 Btuh/SF. or cooled by a
system whose sensible output capacity is greater than or equal to 5 Btuh/SF.

ASHRAE Standard 90.1 — Mechanical systems portion defines minimum efficiency
requirements for HVAC equipment in a series of tables in Section 6.8. Tables
6.8.1A through 6.8.1G define requirements for equipment that is rated in
accordance with an established test procedure.

e Table 6.8.1A: Air Conditioners and Condensing Units

e Table 6.8.1B: Heat Pumps

e Table 6.8.1C: Water Chilling Packages

e Table 6.8.1D: Packaged Terminal, Room Air Conditioners, and Heat Pumps

e Table 6.8.1E; Furnaces, Duct Furnaces, and Unit Heaters

e Table 6.8.1F: Boilers

e Table 6.8.1G: Heat Rejection Equipment

Note: Equipment not listed in the Standard 90.1 tables has no minimum
performance requirements.

ASHRAE Standard 90.1 - Compliance:

In order to check for compliance of South Jefferson High under ASHRAE
Standard 90.1, the Department of Energy COMcheck Software Version
3.3.1 was used. The output results of the building envelope compliance
and lighting and power compliance are given below.

Building Envelope Compliance:
Section 3: Requirements Checklist

Envelope PASSES: Design 22% better than code.

Climate-Specific Requirements:

Component Name/Description Gross Area Cavity Cont. Proposed Budget

or Perimeter R-Value R-Value U-Factor U-Factor

Roof 1 Insulation Entirely Above Deck 232705 -— 200 0.048 0.063

Exterior Wall 1. Concrete Block 8", Unreinforced, Cells 51696 5.0 10.0 0.068 0.151
Empty,Normal Density , Furring: Metal

Window 1: Metal Frame with Thermal Break:Double Pane, Clear, 4643 -— 0615 0.670

Operable, SHGC 0.79, PF 0.10
Floor 1: Slab-On-Grade:Unheated 2000 --- - ---

(a) Budget U-factors are used for software baseline calculations ONLY, and are not code requirements.

Note: U and R-Values taken from Construction Documents and Specifications
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Lighting and Power Compliance:
Interior Lighting:

[ 1. Total actual watts must be less than or equal fo total allowed watts.

Allowed Watts Actual Watts Complies
279246 213431 YES

Note: Calculations for Lighting and Power Compliance were computed using the
building—area—method. Calculations are located in Appendix B of this
report.

Mechanical Compliance:
All mechanical equipment was specified in by design engineer in the

construction documents to meet minimum efficiency requirements of
Standard 90.1.

Equipment minimum efficiency: Rooftop Package Unit:

Unit Min. Efficiency

RTU-1, RTU-2, & RTU-4 9.2 EER, 9.4 IPLV
RTU-3 & RTU-7 9.5 EER, 9.7 IPLV
RTU-5 9.2 EER, 9.4 IPLV
RTU-6 9.5 EER, 9.7 IPLV
RTU-8 9.5 EER, 9.7 IPLV
RTU-9, RTU-10, RTU-13, & RTU-14 9.5 EER, 9.7 IPLV
RTU-11 & RTU-12 9.5 EER, 9.7 IPLV

Equipment minimum efficiency: Air Cooled Condensing Unit:
Unit Min. Efficiency
Air Cooled Condensing Unit 10.1 EER, 11.2 IPLV

All other equipment is not specified in ASHRAE Standard 90.1 and do not have a
minimum efficiency requirement.
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Mechanical System Lost Rentable Space:

Most of the space take by mechanical equipment is roof space because of
the 14 RTU’s. Less than 7% of the total rentable space is taken up by the
boilers and mechanical shafts.

Mechanical System First Cost

The data and information required for the mechanical system first cost was
provided by Turner Construction Company, who is the construction manager for
the South Jefferson High School project.

The data shows the results of four independent cost estimates, three being
mechanical contractor bids and one from the construction manager. The initial
mechanical system costs range from $4.78 million to the low bid of $4.22 million.

These total first cost were then calculated into the price per square foot. The
cost per square foot was found to be $20.98/sf for the lowest mechanical
contractor bid, as is shown in Figure 2.

Mechanical System First Cost
Company Bid $/SF
CM Estimate $4,324,601.00 $21.49
Bid 1 $4,780,000.00 $23.76
Bid 2 $4,245,000.00 $21.10
Bid 3 $4,222,200.00 $20.98

Figure 2 — HVAC System First Cost

These values fall within the allotted limit to mechanical systems of the project’s
budget of the. Here it can also be seen that the mechanical cost is approximately
13% of the total $33 million cost.

A breakdown of all the various components in the construction manager’s
mechanical cost estimate has also been included in Appendix C.
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Annual Energy Consumption:

Since South Jefferson High School is currently under construction there are no
utility values from the site. All consumption values will be obtained from an
energy model.

H.F. Lenz Co. did not perform an energy analysis on South Jefferson High School.
Instead the design engineer reviewed possible systems with the owner, showing
energy data from other similar projects. The mechanical system was selected on
the basis that it was familiar to the maintenance staff.

To perform the energy analysis calculations, Trane Trace 700 was used to model
South Jefferson High School. Weather data was taken from ASHRAE Handbook of
Fundamentals — 2005, with the nearest city to Charles Town, WV being
Martinsburg, WV. All conditioned spaces, equipment, and systems, were entered
into the Trane TRACE model in accordance to design.

Results of the annual energy consumption calculations can be seen in Figure 3.

Ener Cost
Fuel 10"£6Jy Cé;)ysrt Percent kP;t%I;]

Btulyr %
Lighting -Conditioned Elect. | 1520.1 | $53,087.52 25 672
Space Heating Elect. 723.2 $25,255.66 12 3255
Space Cooling Elect. 952.3 $33,257.84 16 2071
Pumps Elect. 45.3 $1,582.04 1 11
Heat Rejection Elect. 131.0 $4,575.00 2 844
Fans - Conditioned Elect. 1702.0 | $59,440.14 28 844
Receptacles - Conditioned [ Elect. 917.8 $32,052.97 15 466

Total Building - Consumption 5991.7 | $209,251.17 | 100.00

Figure 3 -HVAC Annual Energy Cost Estimation (Btu)

Annual Cooling Cost per SF: $0.15/yr/sf

Building and Plant Energy Analysis Report 8
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Emissions:

South Jefferson High School will have no on-site energy emissions because of all
electric utility usage. Emissions will be located back at the utility source’s site.
Emissions were found by using the Environmental Protection Agency’s Energy

Star Target Finder tool. Values were approximated for conservative means.

DESIGN ENERGY PERFORMANCE RESULTS

Energy DESIGN ENERGY STAR
EPA Energy Performance Rating (1 — 100) 68 75
Percent Energy Reduction (%)2 17 21
Site Energy Use Intensity (kBtu/sf/yr) 30.1 28.8
Total Annual Site Energy (kBtu) 7,000,000 6,703,197
Total Annual Energy Cost ($) $ 200,410 $ 191,913

Pollution Emissions (1000 Ibs/yr)

CO2 4,354 4,129

Target Energy Performance Results (estimated)

Energy Design Target Top 10%

Energy Performance Rating (1-100) 68 80 90

Energy Reduction (%) 17 27 41

Source Energy Use Intensity (kBtu/Sqa. 90.6 79.9 64.7

Ft.lyr)

Site Energy Use Intensity (kBtu/Sq. Ft./yr) [30.1 26.5 215

Total Annual Source Energy (kBtu) 21,091,000.1 18,600,867.2 15,059,532.4

Total Annual Site Energy (kBtu) 7,000,000.0 6,173,537.1 4,998,185.3

Total Annual Energy Cost ($) $ 200,410 $ 176,748 $ 143,098

Figure 4 — Source energy usage various Energy Star targets

Conclusion:

The annual energy usage and cost values output by the Trane TRACE 700
software appear to be accurate. They closely resemble the values located
in the construction documents. South Jefferson High School’s mechanical
systems were designed with the end—user in mind. The systems were
designed to be maintained easily, not to reduce energy losses and
emissions. The system i1s still relatively efficient because the designers
followed ASHRAE Standard 90.1 — 2004 closely.
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APPENDIX A: Energy Model Data

Schedules:

e Regular school hours were assumed to be 7am to 5pm and between the

months of August to June

e Administrative offices and classrooms follow regular school hours

e (Cafeteria was assumed to be fully occupied between 11lam and 1pm

e Gymnasium and Technology/Adult learning areas were assumed to have
extended hours until 8pm and occupancy year round

Note: Utilization schedules were designed with the designer’s best judgment,
because no utilization data was provided.

Design Airflow Quantities:

Variable or | Supply Design Model | Cooling [ Heating | Return | Heating
Constant Air Outdoor Air OA Airflow | Airflow | Airflow | Airflow
Symbol | Volume (CEM) (CEM) (CFM) | (CFM) | (CFM) (CFM) (CFM)
RTU-8 CV 4,500 1,200 900 3,337 3,337 3,337 900
RTU-2 VvV 25,500 10,600 11,034 20,877 22,605 22,605 11,034
RTU-3 VV 13,000 3,600 3,560 10,231 3,069 10,231 3,560
RTU-4 VvV 24,000 10,500 7,425 18,776 18,840 18,840 7,425
RTU-5 CV 14,000 14,000 4,369 11,273 11,276 11,276 4,369
RTU-6 VvV 12,000 2,700 1,874 6,993 7,156 7,156 1,874
RTU-7 VvV 15,000 6,400 5,807 12,521 12,979 12,979 5,807
RTU-1 VV 22,000 9,600 9,826 1,951 19,741 19,741 9,826
RTU-9 CV 9,000 8,000 7,950 7,950 7,950 7,950 7,950
RTU-10 CV 13,000 7,500 7,200 9,963 9,963 9,963 7,200
RTU-11 CV 6,000 4,670 661 3,581 3,581 3,581 661
RTU-12 CV 12,000 12,000 4,757 7,448 7,448 7,448 4,757
RTU-13 CV 9,500 5,500 9,375 9,375 9,375 9,375 9,375
RTU-14 CV 9,500 5,500 9,375 9,662 9,662 9,662 9,375
Totals: 184,500 100,570 83,213 130,601 143,645 150,807 83,213
Electricity Cost:
Demand Charge
FlrSt S’OOO kVA .......................................... $7923 per kVA
Next 14’000 RVA coeeeereenn $7.456 per kVA

Energy Charge

$7.104 per kVA

$0.02198 per kW

Building and Plant Energy Analysis Report
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Faculty Consultant: Dr. Srebric Charles Town, WV 25414

APPENDIX A: Energy Model Data

Loads:
People: Varies depending on activity level
Computers
Kitchen Equipment
Receptacle
Lighting
Miscellaneous Loads

HVAC Annual Energy Cost Estimation (kW)

Ener

Fuel | 1on6 Btglj//yr

Lighting -Conditioned Elect. 445515.83
Space Heating Elect. 211948.03
Space Cooling Elect. 279103.17
Pumps Elect. 13276.671
Heat Rejection Elect. 38393.904
Fans - Conditioned Elect. 498827.67
Receptacles - Conditioned |Elect. 268991.79
Total Building - Consumption 1756057.1
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APPENDIX B: Lighting Compliance - Building—Area—Method

Section 1: Allowed Lighting Power Calculation

A C D
Allowed Allowed Watts
Watts / ft2
SchoolUniversity 1.2 279246
Total Allowsd Watts = 279246
Section 2: Actual Lighting Power Calculation
A B C D E
Fixture 1D : Description / Lamp / Wattage Per Lamp ! Ballast Lamps/  Zof Fixture (C X D)
Fixture Fixtures Watt

Linear Fluorescent 1: RF-1: 3 - 2230 T3 [ Other ! Electronic 3 S00 96 45000
Linear Fluorezcent 2: RF-2: 2 - 2230 Ta [ Other / Electronic 2 7 B 20258
Linear Fluorescent 3: RF-2: 3 - 223W T3 [ Other ! Elecironic 3 160 96 15360
Linear Fluorsscent 4: RF-4: 2 - 26W TRT / Other / Electronic 2 s 52 1820
Linear Fluorescent 5: RF-5: 3 - 2230 T3 [ Other ! Elecironic 3 118 96 11323
Linear Fluorescent &: RF-5: 3 - 223 T3 [ Other ! Electronic 3 41 96 3936
Linear Fluorsscent 7: RF-T: 2 - 26W TRT / Other / Electronic 2 50 52 4630
Linear Fluorescent 8: RF-8: 2 - 26W TRT / Other / Electronic 2 43 52 2236
Linear Fluorescent 9: RF-9: 2 - 26W TRT / Other ! Electronic 2 53 52 2756
Linear Fluorescent 10: RF-10: 3 - 28W TRT [ Other ! Electronic 3 12 78 936
Limear Fluorezcent 11: RF-11: 2 - 32W Ta / Other / Elecironic 2 14 B faiz 1]
Linear Fluorescent 12: RF-12: 3 - 32W T3/ Other / Electronic 3 T 96 3552
Linear Fluorescent 12: RF-13: 4 - 32W T3/ Other / Electronic 4 Fil 128 896
Linear Fluorezcent 14: RF-14: 6 - 32W T3/ Other / Electronic G 53 192 10176
Linear Fluorescent 15: SF-1: 2 - 32W T8 ¥ Other ! Electronic 2 1 B4 G4
Linear Fluorescent 16: SF-2: 3 - 32W T8 ¥ Other ! Electronic 3 B 96 TES
Linear Fluorescent 17: SF-3: 1 - 26W TRT / Other / Electronic 1 1 26 26
Limear Fluoregcent 18 WSF-1: 1 - 28W TRT / Other ! Electronic 1 3 26 Ta
Incandescent 1: WSI-1: 100W INCAMD [ Incandescent 100W 1 1 100 100
Linear Fluorescent 19: DF-1: 2 - 22W T3 / Other / Electronic 2 122 B4 Ta0a
Linear Fluorescent 20: DF-2: 3 - 22W T3 / Other / Electronic 3 17 96 1632
Linear Fluorescent 21: DF-3: 2 - 22W T3 / Other / Electronic 2 6B B4 4352
Linear Fluorescent 22: DF-4: 3 - 22W T3 / Other / Electronic 3 12 96 1152
Linear Fluorescent 23: DF-5: 5 - S2W T5 / Other / Electronic = - 270 9150
Linear Fluorezcent 24: DF-8: 1 - 22W TT J Other ! Electronic 1 12 32 384
HID 1: DI-1: 5000 QUARTZ / Other f Magnetic 1 32 500 16000
HID 2: DI-2: 2500 QUARTZ / Other f Magnetic 1 22 250 5500
HID 3: RMH-1: 100W MHMA0DW QUARTZ § Metal Halide 100W / Magnetic 1 14 200 2a00
HID 4: RMH-Z: 100W MH [ Metal Halide 100W ! Electronic 1 15 100 1500
HID 5: RMH-3: 100W MH [ Metal Halide 100V ! Electronic 1 3 100 3300
HID &: WMH-1: 175W MHM00W QUARTZ ! Metal Halide 175W ! Electronic 1 15 275 4125
HID 7: WMH-2: 175W MH / Metal Halide 175W J/ Electronic 1 26 175 4550
HID 8: SL-1: 400W MH / Metal Halide 400W / Magnetic 1 1 400 400
HID 9: SL-2: 100W MH / Metal Halide 100W / Electronic 1 1 100 100
Linear Fluorezcent 1 copy 1: BF-1: 2 - 32W T2 / Other / Electronic 3 237 96 22752

Note: Calculated using the COMcheck Software Version 3.3.1 Lighting Application Worksheet

Building and Plant Energy Analysis Report
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