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Executive Summary

This report will discuss the load and energy simulation analysis of Central High School. Heating,
cooling, energy consumption and operating costs will be reported.

Trane TRACE 700, software recognized in industry as a leading energy modeling program, was
used to calculate both loads and energy consumption of the building. Roughly 300 spaces were
modeled that were then put into their respective zones serviced by 20 energy recovery units. Block
calculations done by TRACE 700 yielded a total cooling load of 678 [tons] and 13147 [MBH] for heating
loads which was found to vary greatly from the design engineers calculations.

Energy consumption for Central High School came out to be 878,111 [kWh] per year. An energy
model was run by a previous MEP team but could not be obtained for comparison.

The emissions report from TRACE 700 shows that Central High School puts out CO2 at 1,174,596
Ibm/year, SO2 at 10,577 gm/year, and NOX at 2,204 gm/year.
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Building Overview

Building Description

Central High School is a newly renovated high school located in the Mid-Atlantic region. At roughly
320,000 square feet it is an impressive state of the art school with two levels the top one being the
addition. The building has food and science labs, classrooms, offices, gyms and an auditorium to serve
the learning needs of the occupants. It is expected to be completed by February 2015.

Mechanical System Overview
Twenty energy recovery units are located throughout the building that delivers outdoor air to fan coil

units with recirculated air serving the zones. Along with that, two air cooled chillers and boiler serve the
energy recovery units and fan coil units.
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Occupant and Project Team

Owner: Confidential

Construction Manager: Jacobs http://jacobs.com/

Architect: SHW Group, LLP http://www.shwgroup.com/

Structural Engineer: Adtek Engineers, INC. http://www.adtekengineers.com/
Mechanical and Electrical Engineers: SHW Group, LLP http://www.shwgroup.com/
Civil Engineers: Bowman Consulting http://www.bowmanconsulting.com/

Kitchen Consultant: Nyikos Associates http://nyikosassociates.com/

Acoustical and Technology: Polysonics Corporation http://www.polysonics-corp.com/
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Load Calculation Procedure

To model the load and energy costs of the building, Trane TRACE 700 was the HVAC program
used for this report. In order to create an accurate model, information was taken from specifications,
mechanical floor plans and schedules. Assumptions were made to complete the model and will be
stated later in this report.

Design Conditions

Central High School is a high school located in the Mid-Atlantic region. Baltimore, Maryland is
the closet area to the building site found in the Weather Library in TRACE 700. Default settings for the
thermostats were typical of the Baltimore, Maryland region.

Model Design

There are twenty zones throughout the building and within each one there are different
occupancies, equipment and envelope loads to take into account. Central High School has eleven
varieties of rooms and therefore eleven templates were created for these general spaces. The eleven
templates are: Auditorium, Bathroom, Cafeteria, Classroom, Conference Room, Gymnasium, Hallway,
Laboratory, Library, Office, and Reception. Qutdoor air ventilation rates from the design specifications
were used in place of ASHRAE Standard 62.1 rates. To further develop the model individual occupancies
were used that were found in the design specifications. Exact areas of the rooms, ceiling heights and
how much glass were included for each space. Directions of the walls were also included along with the
entire direction of the building which is roughly 30 degrees from North.

Load Assumptions

Certain rooms did not fit under the templates made such as kitchens which were put under the
cafeteria template. Lighting load information was not provided therefore basic ASHRAE Standard 90.1
design lighting densities were used. Standard school equipment was picked as the miscellaneous
electrical loads on the building. Figure 1 shows the Construction Template used for each room
template. An infiltration rate of 0.3 cfm/square foot (sf) of wall was inputted for a more accurate
construction design. Schedules were selected from the TRACE 700 library and inputted into internal
loads, airflows and thermostats.
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Construction Templates - Project =]
Alternative ]Altemative 1 _'_I —' M
Description lAudilorium _vJ Close

S U-factor
Construction... Btushfe*F New
Slab  [6"Lw Concrete ~| |01s6386 Copy
Roof  |Steel Sheet, " Ins | |nn4e8386 —
elete
Wall IFace Brick, 6" L'w Conc blk, 3" Ins _ﬂ |U.UBDT 104
Add Global
Partiton |0.75" Gyp Frame ~| |03s7a5s 4|
U-factor Shading
Glass type... Btush fe°F coeff
Window |Double Clear 1/4" ~| Jos 0.82
Skylight | Single Clear 1/4" ~| |oss 0.95
Door | Standard Door ~] Jo2 0
Height...
Pct wall area to
Wwall |1 0 ft underfloor plenum %
Flr to fir |1 i} ft Room type Conditioned v
Plenum |3 ft
Internal Load J Airflow J Thermostat

Figure 1 — Construction Template

Calculated vs. Design Load Analysis

An energy model was performed by a previous MEP team assigned to this project but could not
be obtained, so the values shown in Table 1, under Design, were used. These values were acquired from
the schedules listed in Appendix A, Figure 7. Table 1 gives the design calculations versus the model
outputs. Note that there are varying degrees of differences between the design and the model.
Discrepancies can be accounted for by how the systems and plants were modeled along with data
inputted for construction types and infiltration rates. Heating loads were not as close as the cooling
loads since there is a variance of 900 MBH compared to 173 ton difference among the two models .
These of course would affect how the cooling square foot per ton and heating Btuh per square foot
were calculated. The supply airflows from the model yielded almost twice the amount of cfm/sf versus
the calculated design. More cooling and heating affected the amount of supply air to deal with the load
in the space. Ventilation rates had little difference between the design and model. Differences in areas
for spaces could be accounted for in the difference between the two rates.
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Design Model
Cooling [tons] 505 678
Heating [MBH] 11289 13147
Cooling [sf/ton] 634 472
Heating [Btuh/sf] 35 41
Supply [cfm/sf] 0.51 1.22
Ventilation [cfm/sf] 0.48 0.41

Figure 2 — Design Calculations vs. Model Outputs
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Energy Calculation and Operating Cost

Energy Consumption

The TRACE 700 report of energy consumption for Central High School is below in Figure 3.
Electricity is the primary source of energy to the building with Natural Gas as the secondary source.
Natural gas is used by the primary boiler in the mechanical room for the entire building as electricity
powers the air cooled chillers. Consumption of electricity peaks in May which makes sense since much
of the mechanical equipment including chillers are running. Even though in May there isn’t the largest
on peak demand the chillers still consume the most amount of energy at this time. Natural gas usage
peaks in January and is not used in the summer months for the use of heating the zones.

MONTHLY ENERGY CONSUMPTION
By ACADEMIC

——— Monthly Energy Consumption -——

Utility Jan Feb Mar Apr May  June July Ag Sept Oct Nov Dec Total
Alternative: 1 Central High School
Electric
On-PkCons. (KWh) « 63134 . 56815 . 69836 69075 104,459 658924 74500 / 71221 99188 | 75626. 63347 61678 878,111
On-PkDemand (KA) 421 414 496 553 790 1,010 1099 1,003 869 614 556 434 1089
Off-PkDemand {KA) 63 63 83 54 54 54 54 54 54 54 54 63 63
Mid-PkDemand (kW) 330 330 339 397 643 833 975 834 711 456 384 339 975
Gas
On-PkCons. (therms) 433 453 132 0 0 0 0 0 0 5 14 223 1.321
Off-PxCons. (therms) 570 433 42 ] 0 0 0 0 0 0 30 238 440
Mid-PkCons. (therms) 3,008 2644 2,172 969 1 0 0 0 2 1345 1726 2308 14,176
On-PkDemsnd (thermshn 18 18 T 0 Q 0 0 0 0 1 2 12 18
Off-PkDemand (therms/hn 5 5 1 0 i} ] Q Q 0 0 1 2 5
Mid-PkDemsnd (thermshg 63 623 54 339 2 0 0 0 0 44 51 62 68
Energy Consumption Environmental Impact Analysis
Building 18759 Btu/(ft2-yes) co2 1,174,596 bmiyesr
Source 43,092 Btu/(ft2-yesn S02 10,577 gmiyear
NOX 2,024 gmiyesr
FloorArea 250039 ft2

Figure 3 — Monthly Energy Consumption
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Energy Inputs

No energy model could be provided by the original MEP team on the project. TRACE 700
template schedules were used as models for when equipment would be turned on/off were selected.
Also occupancy times for schools were chosen using the occupancy templates. Fuel costs were taken to
be baseline costs from TRACE 700 library of energy costs. All air and water flow rates along with

equipment performances were taken from the equipment schedules.

Annual Operation Costs

Figure 4 and Figure 5 are monthly breakdowns for the end uses of heating, cooling, lighting, and
miscellaneous loads. July has the highest month of end use by equipment at about $11,257. Utility cost

per square area is $0.27 per square foot.

MONTHLY UTILITY COSTS
By ACADEMIC

-——-- Monthly Utility Costs ————

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative 1
Electric
On-PkDemsnd ) 421 4,143 4,950 5575 7.900 10403 10935 | 10028 = 8694 6,142 5563 4339 82652
Off-PkDemsnd (§) 314 314 314 272 272 272 272 272 272 272 272 314 3435
Total (5): 4525 4,457 5274 5347 8,172 10375 11267 10300 8966 6414 583 4653 86,085
Gas
On-PkCons. (3) 244 230 &6 0 0 0 0 0 0 3 7 11 660
Off-PkCons. (8) 285 250 21 0 0 0 0 0 0 0 15 143 720
Totsl (3): 529 479 87 0 0 0 0 0 ] 3 22 260 1,380
Monthly Total ($): 5054 43936 5,361 5847 8,172 10375 11267 10300 8,956 6417 5358 4913 87467
Building Area = 320,000fF

Utility Cost Per Area = 0.27 $it*

Figure 4 — Monthly Utility Costs
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Bldg Elec Monthly Demand Costs by Equip ($)

Alt 1: Central High School
Lights ($)
11000 — Misc Equip (S)
Cooling Equip ($)
Heating Equip ($)

10000 —|

9000 —

8000 —
7000 —
s 6000 —
5000 —
4000 —
3000 —
2000 —
1000 —|
0 T T T T T T T T T T T
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 5 — Monthly End Use Cost

Emissions

Figure 6 gives the yearly environmental impact the building has on the environment. These
output values were taken from the energy model done in TRACE 700. The condensing boiler is the
primary pollutant of the building and attributes to most of these gases.

Environmental Impact Analysis

CO2 1,174 596 Ibm/year

SO2 10,577 gmiyear
NOX 2,024 gm/year

Figure 6 — Yearly Environmental Impact
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Summary

A load and energy simulation was performed for Central High School with the goal of finding
loads, energy consumption and emissions. Inputs and assumptions for some of those inputs were
included in this report. Discrepancies exist between calculations from the mechanical engineer and this
TRACE 700 model.

All values were compared to calculations in the specifications and drawings done by the
mechanical engineer. Therefore the assumptions made for the TRACE 700 model affected the outputs.
Yet these outputs weren’t too far off from the calculated values showing that the model was within a
close range of accuracy.

The emissions report shows that there is room for improvement on the entire building system
when it comes to polluting the environment. This will have a huge impact on how the re-designed
system must perform with a goal to lower these emissions. To do so reducing energy consumption from
natural gas and electricity will reduce emissions from the mechanical equipment.

References

SHW Group LLP “Final Bid Set”. Reston, Virginia.
Central High School “Master Specifications”.

ASHRAE. Standard 62.1-2010, Ventilation for Acceptable Indoor Air Quality. Atlanta, GA. American
Society of Heating Refrigeration and Air Conditioning Engineers, Inc.

ASHRAE. Standard 90.1-2010, Energy Standards for Buildings Except Low-Rise Residential Buildings.
Atlanta, GA. American Society of Heating Refrigeration and Air Conditioning Engineers, Inc.
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Appendix A

Energy recovery unit schedule.
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