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Executive Summary

Glen Burnie High School is a campus style high school located in Glen Burnie, MD. The
campus is comprised of 6 buildings, but for the purposes of this report, only Buildings D, E
& F were evaluated. Building D is primarily served by unit ventilators, with fan coil units
and cabinet unit heaters providing supplemental heating and cooling in corridors,
stairways and storage areas. Building E is a constant air volume system served by 9 air
handling units with convectors and cabinet unit heaters again serving as supplemental
heat. There is also an individual unit ventilator serving the gymnastics area. Building F is
the only variable air volume system of the three buildings and is served by 4 air handling
units and 1 roof top unit. In the same manner as the previous 2 buildings, fan coil units and
unit heaters are used for extra heating and cooling.

Using Trane Trace, the rooms of each building were modeled and templates for internal
loads, airflow, thermostat settings, and construction were created. Rate structures were
also obtained for Baltimore Gas & Electric, the assumed provider to Glen Burnie High
School. These rates were entered into Trace as well, along with their rate schedules. Once
this was completed, load calculations were performed resulting in HVAC load, energy, and
cost data.

The results of the load calculations were fairly close to the actual design conditions with
variances most likely occurring from the differences in the modeling process. The
designer’s models were created on an individual room basis with actual occupant and load
densities used when available. The model which was created for this report was a block
load model and load densities had to be assumed based on room type and Trace defaults.

The energy use calculations were not as accurate to what was anticipated. The heating
energy use for the buildings was close to what was expected season but the energy use for
cooling was grossly inaccurate. The incorrect values were used to complete the remaining
calculations, carrying through the mistakes. The inaccuracy of the cooling system'’s energy
use only affected the percentage of the total energy use by each building system, but not
their actual values. The overall cost of operation for each building was much lower than
was anticipated because of the low cooling rates, but the remaining individual values were
approximately what was expected based on the assumed rates.

The carbon footprints of the buildings were calculated using the modeled building energy
usages and values from the Regional Grid Emission Factors 2007 pdf supplied. Once again,
the inaccuracy of the cooling loads lowered the overall combined emissions of the three
buildings, but the calculated values are reasonable based on the modeled, albeit inaccurate,
results for overall building energy use.
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Mechanical System Overview

Building D:

Building D is a typical classroom building housing the arts and acting arts classrooms, as
well as a handful of foreign language classrooms. In addition to classrooms, there are a few
faculty planning and conference rooms located around the building. Building D’s heating
and cooling is supplied by 35 unit ventilators, 8 fan coil units, and 21 cabinet unit heaters.
Unit ventilators are primarily located in classroom locations with the fan coil units serving
the faculty areas and corridors. Supplemental heating is supplied to the corridors,
stairwells and storage rooms by the cabinet unit heaters.

The block load for Building D was performed by splitting the building into 3 zones.
Because the room types and mechanical equipment are all fairly similar, the building was
zoned by floor. This resulted in separate zones for the 1st, 2nd and 37 floors.

Building E:

The primary school gymnasium is located in Building E. The building also contains locker
rooms, a weight room and a gymnastics area. Heating and cooling is supplied to the
building by 9 constant air volume air handling units, 9 hot water convectors, 3 cabinet unit
heaters and a single unit ventilator.

Each system is designed to supply areas of similar occupancy and use so Building E was
split into zones by system. This resulted in the following breakdown:

Building E Zone Summary

System Zone/Location

AHU-1 Men's Lockers/Ground Floor
AHU-2 Team Rooms/Ground Floor
AHU-3 Women's Lockers/ Ground Floor
AHU-4 Gymnasium/First Floor
AHU-5 Gymnasium/First Floor
AHU-6 Laundry Room/Ground Floor
AHU-7 Lobby/First Floor
AHU-8 Office/Second Floor
AHU-9 Weight Room/Ground Floor

uv-1 Gymnastics Area/Second Floor

CUH & CONV Various

Table 1: Building E Zone Summary
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Building F:

The most diverse of the 3 buildings is Building F which contains the auxiliary gym and
locker rooms on the east end of the building and business education classrooms filling the
rest. Building F is the only variable air volume system of the 3 buildings. Heating and
cooling is supplied by 4 air handling units, 1 roof top unit, 2 fan coil units and 17 unit
heaters.

In the same manner as Building E, the systems of Building F are serve areas of similar
occupancy and use. In order to maintain consistency, Building F was also divided into
zones by system. The flowing table shows the results:

Building F Zone Summary
System Zone/Location
AHU-1 First Floor
AHU-2 Second Floor
AHU-3 Gymnasium
AHU-4 Gymnasium
RTU-1 Dance Studio
FCU-1 Women's Locker Room
FCU-2 Men's Locker Room

Unit Heaters Various

Table 2: Building F Zone Summary
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Design Load Estimation

Assumptions:

As stated earlier, each building was divided into zones for the block load calculation.
Building D was zoned by floor and Buildings E and F were zoned by system. The indoor
and outdoor design air conditions for Baltimore, MD were used and obtained from ASHRAE
Fundamentals 2009. Lighting power densities were based on the recommended values
from ASHRAE Standard 90.1. Ventilation rates were taken from the design documents.
Miscellaneous load densities and people loads came from the pre-sets in Trace for their
respective cases. Whenever possible, actual room loads and people counts were used.
Brief overviews of assumptions on air and load conditions are listed in the following tables:

Design Air Conditions
Outdoor Design Conditions Indoor Design Conditions
Summer Winter |Cooling|Heating| Relative Humidity
DB(F) | MCWB(F) | DB(F) | DB(F) | DB (F) %
93.9 74.9 12.9 78 72 50
Table 3: Design Air Conditions

Occupied Space Design Load Conditions

Load Classroom Gym Health Locker Room Office
Lighting (W/SF) 1.4 1.4 1.5 0.9 1.1
Misc (W/SF) 0.22 0 0.5 0 0.5
Sensible | Latent|Sensible | Latent|[Sensible | Latent|Sensible | Latent|Sensible | Latent
People (BTU/hr)
250 200 700 1000 250 200 275 275 250 200
People By Room By Room By Room By Room By Room

Table 4: Occupied Space Design Load Conditions

These tables only list the occupied spaces because they account for the majority of the
loads experienced in the building. For a more detailed breakdown of assumptions and
templates used in the Trace calculations, including unoccupied spaces, see the appendix at
the end of this report.

Design Loads vs. Model:

Both models were calculated using Trane Trace, but there are differences in the way that
the designer’s model was created in comparison to the one calculated for this report. The
designer’s model was created on a room by room basis, while this report dealt with a block
load. There were also differences in the load assumptions. In order to obtain a more
accurate model the default climate design values in Trace were replaced with values from
ASHRAE Fundamentals. Lighting, miscellaneous, and people loads were also set up for
different room types, instead of using a default value for all spaces.




Wade Myers; BAE Mechanical Option Technical Report 2
Glen Burnie High School; Glen Burnie, MD 10/2 7/2010

Thesis Advisor: William Bahnfleth

The following tables show the comparisons by building between the design values and
those of the newly calculated model for cooling loads, heating loads, supply airflows, and
ventilation percentages:

Building D Comparisons
Zone Cooling SF/ton|Heating BTUh/SF [Supply CFM/SF| Ventilation %0A
Design [ Model | Design | Model |Design|Model| Design | Model
1st Floor | 397.51|498.97| 22.95 30.01 0.98 0.81 22 27.8
2nd Floor| 317.84|389.77| 27.07 33.2 0.85 0.81 24 34.1
3rd Floor [ 229.37/309.05| 33.32 | 40.07 | 1.19 | 1.14 24 25.2
Table 5: Building D Comparisons
Building E Comparisons
Zone Cooling SF/ton | Heating BTUh/SF | Supply CFM/SF | Ventilation %0A
Design | Model | Design | Model | Design | Model | Design | Model
AHU-1 217.721449.64| 56.84 34.77 0.92 0.61 100 48
AHU-2 184.931218.45] 51.99 65.94 0.91 0.98 100 96.2
AHU-3 219.691385.33| 52.75 32.24 1.09 0.8 100 37.1
AHU-4 133.78 1 109.22| 75.61 42.84 1.55 1.99 42 15.1
AHU-5
AHU-6 37.72 | 42.07 | 101.71 81.38 18.4 10.95 100 1.1
AHU-7 245.331341.47| 50.44 17.73 0.75 0.38 27 17.7
AHU-8 257.85527.02| 51.46 23.15 0.63 0.52 11 14.8
AHU-9 246.151396.77| 47.37 29.16 0.65 0.63 100 47.6
uv-1 221.3 1361.47| 64.11 41.46 0.77 0.64 28 46.9
CUH & CONV -- -- 57.11 23.28 -- -- -- --

Table 6: Building E Comparisons

Building F Comparisons
Zone Cooling SF/ton|Heating BTUh/SF |Supply CFM/SF| Ventilation %0A
Design|Model | Design | Model |Design|Model| Design | Model
AHU-1|307.09|384.94| 19.01 16.01 1.05 0.77 28 36.3
AHU-2|231.38|324.88| 31.19 37.07 1.04 0.89 31 35
AHU-3 284.16(170.81| 36.67 49.1 1.09 2.07 20 14.1
AHU-4
RTU-1( 238.81(254.07| 42.05 41.76 1.24 1.1 18 26.6
FCU-1|272.531203.89| 31.63 37.69 1.33 1.83 0 0
FCU-2(322.94(236.63| 34.41 34.43 1.49 1.64 0 0
UH - -- 8.99 17.51 - -- - --

Table 7: Building F Comparisons
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Conclusions:

As seen in the tables, the majority of the values from the model are very close to the values
used in the design of the renovation, with a few exceptions. Building D’s cooling loads are
generally smaller than designed, while the heating loads are larger. The heating load being
larger makes sense since the model created for this report was a block load compared to a
room by room model for the design, but the cooling load should also be larger. Because it is
not, it must be assumed the actual load conditions in the building are larger than assumed.
The designer was able to use more accurate information for room occupancy and
equipment loadings, but the model was based on standard load densities found in Trace
and the occupant density was assumed based on room type. Supply airflow is also smaller,
most likely due to the reduced cooling load in the model. A higher outdoor air percentage
was calculated for the model but this can be attributed to the larger airflows used by the
designer, meaning that a smaller percentage of this larger volume is needed to meet the
same rate.

Building’s E and F share similar conclusions. In these buildings both the cooling and
heating loads are generally smaller, but the heating loads are slightly more accurate than
for Building D. Again, this should be attributed to the difference in modeling techniques
and load conditions used. Airflow rates are again a small amount lower except for in the
AHUs which serve the gymnasiums. The changes with respect to these AHUs is most likely
caused by modeling the two together since they serve the same area and have the load split
between them. Because of this, the outdoor air percentages are again higher than designed
except in cases where the OA percentage was intentionally increased by the designer, such
as in the gym and laundry areas.
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Annual Energy Consumption and Operating Costs

Assumptions:

In order to keep the model as accurate as possible, each building was modeled separately
in Trace. All room types were imported as accurately as possible. For room types in which
Trace does not have presets or standards for, the values were found in ASHRAE
Fundamentals 2009, ASHRAE Standard 62.1 and ASHRAE Standard 90.1, or the closest
match was used/estimated. All room types which were shared between multiple buildings
were modeled identically in the program. The cooling and heating plants in Trace were
modeled as an air cooled chiller and gas-fired steam boiler, respectively, to match the type
of equipment that is currently in operation or being installed as part of this renovation.

Actual energy use and utility bills were not available from the owner for use in this report.
A major supplier of gas and electric in the Baltimore, MD area is Baltimore Gas & Electric,
so it was assumed that BG&E was the supplier for Glen Burnie High School for these
calculations. The following two tables list the rates for both electricity and gas during peak
and non-peak times, as well as the rate schedules for when these different rates occur:

Baltimore Gas & Electric Rates
Electricity Gas
Demand Charge | Peak |Mid-Peak|Off-Peak| <10000 therms | >10,000 therms
(S/kw) (¢/kWh) | (¢/kWh) | (¢/kWh) |  ($/therm) ($/therm)
3.95 11.551 9.265 8.824 0.1975 0.0948

Table 8: Baltimore Gas & Electric Rates

BG&E Rate Schedule
Start End Rate
11:00 PM| 7:00 AM | Off-Peak
7:00 AM [10:00 AM|Mid-Peak

10:00 AM| 8:00 PM|Peak

8:00 PM| 11:00 PM|Mid-Peak
Table 9: BG&E Rate Schedule

At the time of this report, it was not discovered if an energy or cost analysis was performed
by the designer for the mechanical renovation. Therefore, it is assumed to have not
occurred. This could be because the project is a renovation and not new construction.
Being so, the renovation could be sized to match the current conditions experienced by the
owner, not creating any changes.
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Building D Results:

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-Pk Caons. () 535 575 890 &11 1,053 1,458 1,071 876 544 512 10,453
Off-Pk Cons:/ () 83 75 &8 53 45 43 43 57 82 80 598
Mid-Pk Cons. (8) 250 229 288 234 262 337 243 258 243 241 3,007
On-Pk Demand (S) 120 189 209 233 408 559 495 280 250 194 3,877
Off-Pk Demand (%) 22 22 22 22 15 15 15 22 22 22 235
Mid-Pk Demand (3) 188 188 188 188 258 383 339 189 188 188 2,924
Total(3): 1,388 1278 1,443 1,341 2,039 2,775 2,208 1,480 1,414 1,337 21283
Gas
On-Pk Cons. (3) 178 168 78 20 0 0 0 0 0 28 39 118 822
Off-Pk Cans. (3) 120 112 30 4 0 0 0 0 0 8 13 81 374
Mid-Pk Cons. (S) 128 174 143 &7 0 0 0 0 0 79 108 157 928
Total (S): 495 452 249 80 0 0 0 0 0 13 168 356 1,822
Monthly Total (3): 1,865 173 1,692 143 2,039 2775 3,287 1316 2,206 1,593 1,580 1,693 23,208
Building Area = 37,466 ft

Utility Cost Per Area = 0.62 $/ft2

Figure 1: Building D Monthly Utility Costs

Building D Costs (S/year)

M Heating ($16213.79)
M Cooling ($2113.83)
i Lighting ($3879.23)
m Receptacles ($1022.07)

Figure 2: Building D Costs
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Monthly HVAC Energy
Alt1:
Chiller/Compressor (KWh)
Cond/Tower Fans (kWh)
| Clg Pumps & Misc (kWh)
70000 Boiler (kWh)
60000 —
50000 —
40000 —
30000 —
20000
10000 —
=
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Figure 3: Building D Monthly HVAC Energy
ENERGY CONSUMPTION SUMMARY
By ACADEMIC
Elect Gas % ofTotal  Total Building  Total Source
Cons. Cons. Building Energy Energy*
(k\Wh] (kBtu) Energy (kBtufyr) (kBtulyr)
Alternative 1
Primary heating
Primary heating 973,351 554 % 973,351 1,024,530
Other Htg Accessories 6,011 1.4 % 20514 81,648
Heating Subtotal 6,011 973,361 69.8 % 993,875 1,086,138
Primary cooling
Cooling Compressaor 33,352 8.0 % 113,830 341,523
Tower/Gond Fans 4218 10 % 14,400 43204
Condenser Pump 0.0 % 1] 0
Other Clg Accessories 288 01 % 1,017 3,082
Cooling Subtotal.... 37,869 9.1 % 129,247 387,778
Auxiliary
Supply Fans 00 % o 0
Pumps 0.0 % 1] 0
Stand-alone Base Utilities 00 % 0 0
Aux Subtotal.... 0.0 % o 0
Lighting
Lighting 69,743 167 % 235,049 714,218
Receptacle
Receptacles 18,198 44 % 82,104 186,332
Cogeneration
Cogeneration 0.0 % o o
Totals
Totals™ 131,824 973,361 100.0 % 1,423,274 2,374,466

Figure 4: Building D Energy Consumption Summary

10




Wade Myers; BAE Mechanical Option
Glen Burnie High School; Glen Burnie, MD
Thesis Advisor: William Bahnfleth

Technical Report 2
10/27/2010

Building E Results:

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-Pk Cons. (§) 416 377 569 720 1187 1882 868 589 405 9,018
Off-Pk Cons:/(8) 56 80 67 50 33 33 47 53 86 574
Mid-Pk Con's. (8} 182 146 173 147 270 384 158 152 1857 2,498
On-Pk Demand (5} 143 214 Eiatk:) 343 505 548 348 326 289 4,458
Off-Pk Demand (S} 17 17 17 17 11 11 17 17 17 175
Mid-Pk Demand (5) 13 13 13 114 354 466 13 13 13 2614
Total(Sk 918 927 1268 13980 2370 3,004 1383 1250 1,047 19,347
Gas
On-Pk Cons. (3) 184 172 82 13 0 0 0 0 0 15 25 132 523
Off-Pk Cons. (3) 189 183 83 5 0 0 0 0 0 5 21 146 593
Mid-Pk Cons. (S} 185 174 121 47 2 0 0 0 1 52 74 158 825
Total(S: 568 509 266 85 2 0 0 0 1 73 121 437 2,042
Monthly Total (§): 1487 1438 1524 1485 2372 3004 2878 480 2,382 1,426 1371 1483 21,388
Building Area = 26,154 112
Utility Cost Per Area = 0.82 5/ft2
Figure 5: Building E Monthly Utility Costs
Building E Costs (S/year)
M Heating ($16020.37)

M Cooling ($2637.89)
W Lighting ($2702.23)
M Receptacles ($85.79)

Figure 6: Building E Costs
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Monthly HVAC Energy
Alt1:
Chiller/Compressor (kWh)
CondTower Fans (kWh)
| Clg Pumps & Misc (kWh)
80000 Boiler (kWh)
70000 —
60000 —
50000 —
40000
30000
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10000 —
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Figure 7: Building E Monthly HVAC Energy
ENERGY CONSUMPTION SUMMARY
By ACADEMIC
Elect Gas % of Total Total Building Total Source
Cons. Cons. Building Energy Energy®
(KWh) (kBtu) Energy (kBtuiyr) (kBtudyr)
Alternative 1
Primary heating
Primary heating 1,033,694 731 % 1,033,694 1,088,009
OtherHtg Accessories 6,556 168 % 22,374 67,130
Heating Subtotal 6,556 1,033,694 74T % 1,056,069 1,155,229
Primary cooling
Cooling Compressor 44541 108 % 162,018 456,098
ToweriCond Fans 6,083 15 % 20,794 62,390
Condenser Pump 00 % o ]
OtherClg Accessories 410 01 % 1,398 4194
Cooling Subtotal.... 51,043 123 % 174,210 522,682
Auxiliary
Supply Fans 0.0 % o o
Pumps 0.0 % o o
Stand-alone Base Utilities 0.0 % o o
Aux Subtotal.... 00 % V] o
Lighting
Lighting 52,380 126 % 178,806 535,471
Receptacle
Receptacles 1,648 04 % E284 15,866
Cogeneration
Cogenerafon 0.0 % o o
Totals
Totals™ 111,537 1,033,694 100.0 % 1,414,369 2,230,231

Figure 8: Building E Energy Consumption Summary
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Building F Results:

By ACADEMIC
——— Monthly Utility Costs -——
Utility Jan  Feb  Mar A May Juné  July  Aug  Sept Oct  Nov  Dec Taal
Alternative 1
Electric
On-Pk Cons. () 1,086 964 1,159 1,040 1272 1561 1,402 301 1,345 1116 1079 1,027 13,432
Off-Pk Cons/(5) 118 108 118 114 72 70 74 &7 59 100 114 118 1,141
Mid-Pk Cons. (8) 125 384 457 407 433 394 525 &9 395 432 422 409 4371
On-Pk Demand (5) M7 317 326 338 525 778 790 309 594 389 341 319 5,441
Off-Pk Demand (5) 32 32 32 32 32 24 24 13 24 32 32 32 43
Aid-Pk Demand (5) 315 315 318 38 333 445 506 126 441 320 37 315 4485
Total(S) 2273 2119 2408 2246 2888 3272 3,421 205 2988 2388 23068 2219 20,192
Gas
On-PkCons. (5) 288 270 116 33 1 0 0 0 0 43 70 182 1,601
Off-Pk Cons. (5) 249 233 95 23 0 0 0 0 0 29 50 186 75
Mid-Pk Cons. (S} 298 270 220 108 1 0 0 0 0 17 182 239 1,415
Total (5) 833 773 431 185 2 a 0 0 0 138 201 507 3380
Monthly Total ($): 3107 2,591 2,538 2,410 2,569 3272 3,421 305 2,968 2577 2597 2326 32,482
Building Area = 54 460 ft*
Utility Cost Per Area = 0.60 $/ft2

Figure 9: Building F Monthly Utility Costs

Building F Costs (S/year)

M Heating ($24441.65)

H Cooling ($1045.63)

i Lighting ($5522.24)

m Receptacles ($1699.15)

Figure 10: Building F Costs
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Monthly HVAC Energy
Alt1:
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Figure 11: Building F Monthly HVAC Energy
ENERGY CONSUMPTION SUMMARY
By ACADEMIC
Elect Gas % of Total Total Building Total Source
Cons. Cons. Building Energy Enerngy*
(kWhj) (kBtu} Energy (kBtusyr) (kBtulyr)
Alternative 1
Primary heating
Primary heating 1,885,839 731 % 1,565,839 1,763 515
Other Htg Accessories 11,440 17 % 39,044 117,145
Heating Subtotal 11,440 1,665,839 743 % 1,704,383 1,870,659
Primary cooling
Cooling Compressor 17,852 27 % 60,928 182,802
Tower/Cond Fans 2,887 04 % 9,785 28,357
Condenser Pump 00 % o ]
Other Clg Accessories 30 01 % 1,029 3,088
Cooling Subtotal.... 21,020 3.2 % 71,741 215,245
Auxiliary
Supply Fans 0.0 % o o
Pumps 0.0 % o o
Stand-aloneBase Utilities 0.0 % o 0
Aux Subtotal ... 0.0 % o 0
Lighting
Lighting 112,916 169 % 385,381 1,156,258
Receptacle
Receptacles 34,453 52 % 117,821 362,890
Cogeneration
Cogenerafion 0.0 % o o
Totals
Totals™ 179,838 1,665,839 100.0 % 2,279,627 3,595,062

Figure 12: Building F Energy Consumption Summary

14
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Conclusions:

The energy usage for the buildings appears to be reasonable for the heating season but
grossly inaccurate for the cooling season. After several repeatedly failed attempts to find
the error in the Trace files, the values were used to carry on with the rest of the
calculations. Because the cooling system’s energy use is so low, this affects the cost of
operation. Values for energy use for the other building systems appear to be accurate, and
the incorrect cooling values only affect the percentage of the total, the actual values
themselves should not change if the cooling load is corrected.

For the cost analysis, the same issue exists. The overall cost of operation for each building
was much lower than was anticipated, but the individual values, aside from cooling, were
approximately what was expected based on the assumed rates. If the cooling load had been
correct, a more balanced representation of the overall cost of operation for the building
would be available.

15
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Annual Carbon Footprint

Values to calculate the carbon footprint for each building were obtained from the supplied
pdf “Regional Grid Emission Factors 2007”. Tables B-10 and 8 in the document gave the
emission factors for the state of Maryland based on electricity and a natural gas-fired
commercial boiler, respectively. The following tables show the breakdowns for each:

Emission Factors for Electricity
(Ib/kWh) | (kWh/year) | (Ib/year)
CO,e 1.82 423199 | 770222.2
co, 1.71 423199 | 723670.3
CH, 4.02E-03 | 423199 1701.26
N,O 3.54E-03 | 423199 | 1498.124
NO, 3.10E-03 | 423199 | 1311.917
SOy 1.11E-02 | 423199 | 4697.509
co 1.196-03 | 423199 | 503.6068
TNMOC | 7.74E-05 | 423199 32.7556
Lead 1.16E-07 | 423199 | 0.049091
Mercury | 3.56E-08 | 423199 | 0.015066
PM10 9.25E-05 | 423199 | 39.14591
Solid Waste | 1.69E-01 | 423199 | 71520.63

Table 10: Emission Factors for Electricity

Emission Factors for Natural Gas
(Ib/1000 CF) | (kBTU/year | (kBTU/CF) | (Ib/year)
CO,e 1.23E+02 3672.89 1.01 456283.1
co, 1.22E+02 3672.89 1.01 452573.5
CH, 2.50E-03 3672.89 1.01 9.274047
N,O 2.50E-03 3672.89 1.01 9.274047
NOy 1.11E-01 3672.89 1.01 411.7677
SOy 6.32E-04 3672.89 1.01 2.344479
co 9.33E-04 3672.89 1.01 3.461074
voc 6.13E-03 3672.89 1.01 22.73996
Lead 5.00E-07 3672.89 1.01 0.001855
Mercury | 2.60E-07 3672.89 1.01 0.000965
PM10 8.40E-03 3672.89 1.01 31.1608

Table 11: Emission Factors for Natural Gas
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Appendix:

The following appendix contains the Trace templates for each building used in the load
calculations, including: Internal Loads, Airflow, Thermostat, and Construction.

Alternative I.&Itemative 1

=
=)

Description |Classroom

People...

Type I Classroom

Density |U IPeopIe LI Schedule IPeopIe-SchooI
Sensible  |250 Btush Latert 200 Btush

Wwiork stations...

Density |1 Iworkstationa’person LI

Lighting...

Tupe IFiec:essed fluorescent, not vented, 807% load to space

Heat gain |1.4 I\:\.-".-"sq ft j Schedule |Lights - Schoal

Mizcellaneous loads...

Tupe IStd Schoal Equipment

Energy |02 |wi/sqht Schedule | Misc - Middls School

Energy

ke I Electricity

Copy
Delete

Add Global

| Airflow Thermostat

Figure A1: Classroom Load Template

Altemnative IAIternative 1 ;I
=

Description IEonidor

Peaple...

Tvpe I Mone

Density ID IPeople LI Schedule IPeopIe - School

Senzible IU Btush Latert ID Btush

workstations...

Dersity |1 Iworkstation.-"person LI

Lighting...

Type IHecessed fluorescent, not vented, 80% load to space

Heat gain ID.5 IW'.-"sq ft LI Schedule |Lights - Schoal

Miscellaneous loads...

Tupe I MHone

Energy [0 [wieq t »|  Schedule |Mise - Middle Schaal
Energy

meter I Norie =

Hew |
Copy |
Delete |
Add Global |

Internal Load | Airflave Thermostat

Figure A2: Corridor Load Template

18



Wade Myers; BAE Mechanical Option
Glen Burnie High School; Glen Burnie, MD
Thesis Advisor: William Bahnfleth

Technical Report 2

10/27/2010

Altemnative IAItemative 1

=
=

Description IGym

People...

Type I Mone

Density |D IPeopIe LI Schedule IPeopIe - School
Sensible |700 Btush Latent 1000 Btush

whork stations...

Density |4 Iworkstationa’person |

Lighting...

Type IHecessed flucrezcent, not vented, 80% load to space

Heat gain |1.4 IW.-’sq ft LI Schedule |Lights - Schaol

Miscellaneous loads...

Type I Mone

Energy [0 [wissq »|  Schedule |Mise - Middle School
Energy

meter I Nene LI

Hew

Copy |

Delete |
Add Global |

Internal Load I Airflove Thermosztat LConsztruction

Figure A3: Gym Load Template

Alternative IAIternative 1 LI
Description |Health LI

People...

Type IHospitaI Roarn

Density [0 [Pecple v|  Schedule |Penple - School
Sengible |250 Etush Latent 200 Btush

Workstations...

Density |‘I Iworkstation.-’person LI

Lighting...

Type IHecessed fluorescent, not vented, 80% load to space

Heat gain |'|.5 I\qu ft LI Schedule ILights - Schaal

Miscellaneous loads...

Type IStd Dffice Equipment

Eneigy |05 [wissqht | Schedue [Misc - Middie School

E —
mr:;?y I Electricity LI

Delete |
Add Glabal |

Internal Load | Airflawe Thermostat LConstruction

Figure A4: Health Load Template
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Altemnative IAIternative 1 LI
=

Description ILocker Foom

People...

Tupe I Mone

Density |U IF'eopIe LI Schedu|e|F'eopIe-School
Sensible | 275 Btush Latent |2?5 Btush

Workstations...

Density |4 Iworkstationx’person |

Lighting. ..

Type IHecessed fluarezcent, nat vented, 80% load to space

Heat gain |D.S I\qu ft LI Schedule |Lights - School

Miscellaneous loads...

Type I Mone

Energy [0 [wirsqit »|  Schedule |Misc - Middie School
Energy

meter I None LI

Copy
Delete

Add Global

Internal Load | Airflav T hermostat LConstruction

Figure A5: Locker Room Load Template

Alternative IAIternative 1

Description |foice

People...

Tupe IGeneraI Office Space

Density ID IPeopIe j Schedule IPeopIe - Schoal
Sensible |250 Biush Latent |2DD Btush

whorkstations. ..

Density |1 I waorkstation/person LI

Lighting...

Type IFlec:essed fluorescent, not vented, 80% load to space

Heat gain |1.1 I\N'.-"sq ft ;I Schedule |Lights - School

Miscellaneous loads...

Type IStd Office Equipment

Erergy  [05  [wi/saht Schedule | Misc - Middle School

Erergy
meter

I Electricity

Delete |
Add Global |

Internal Load | Thermostat LConstruction

Figure A6: Office Load Template
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Altemative IAItemative 1

Drescription |St0rage

People. ..

=l
=l

Type I Mone

Denzity ID I People

Sensible ID Btush

‘wiorkstations. ..

5|

Density |1

Lighting...

I workstation/person LI

Schedule IPeopIe - School ;I 4”2”
Latent ID Btush Delete

Add Global

Type IHecessed fluorescent, not wented, 807 load to space

Heat gain IU.3 I\:\-".-"sq ft

Miscellaneous loads...

5|

Schedule |Lights - School

Type I More

Energy IU I\qu ft

=l

Energy

meter I None

=l

Schedule |Misc - Middle 5chool

Internal Load I Lirflow

Thermosztat LConstruction

Figure A7: Storage Load Template

Alternative IAItemative 1

[ escription IDefauIt

Main supply...

Cooling I

ITD be calculated LI

Heating I

Yentilation. .

Apply ASHRAE 5td62.1-2004/2007 IND I

ITD be calculated LI

Type I Mone

Cooling |D |cfm

Heating IU Ic:fm

Schedule | Available (100%)

Infiltratior...

Tupe IPressurized, Foor Const.

Cooling ID.5 I air changes/hr

Heating |D.5 I air changes/hr

Schedule IAvaiIabIe [100%]

Intemal Load

=
=l
=
=
=
=
=
=

Aumiliary zupply. ..

Cooling I

Heating I
Std £2.1-2004/2007...
ClgEz IFIoor clg supply. ceiling returr;”

Add Global |
HtgEz I Floor htg supply, ceiling fEtU”L” %

Er IDefauIt bazed on system typeL” %

DCY Min DAIntakeI INone VI

Foom exhaust...
Rate |D
Schedule |Available [100%)

I air changes/hr

Led L

WAN minirum. ..
Rate | |7 Cla Airflow
Schedule |Available [100%)

Led Ll

Twpe  [Defaul

Thermosztat I LConztruction

Figure A8

: Default Airflow Template
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Altemative IAItemati\-’e 1

Description ID efault

Thermostat settings...
IETIE

Coaling dry bulb

Heating dry bulb
Relative humidity
Cooling driftpoint

Heating driftpaint

Cooling schedule I Mone

Heating schedule I More

Sensor Locations...

LefLel

Thermastat I Room

CO2 sensor I None

Hurnidity....

L el

Moisture capacitance I W ediurn

Humidistat location I Room

Internal Load I Airflow

Thermostat

LedLel

Mew

Copy |
Delete |
Add Global |

LConstruction

Figure A9: Default Thermostat Template

Alternative IAItemative 1

[ escription IDefauIt

Construction...

U-factor
Btu/hrft-F

Slab |4" Lw Concrete

|nz12815

Foof  [4"Lw Canc

|n213535

Wwall IFace Brick, 8" Hw/ blk [filled)

|0.221885

Partition ID_?E" Gyp Frame

Glazs type..

|0.387585

U-factar
Btudhfi-°F

Window |Single Clear 1/3”

|1.04

Skylight | Single Clear 1/4"

Dioor I Standard Doaor

Height...

e all |1 0 ft
Fir to fir |1 0 ft
Plenum |2 ft

e
|05 0.95
o

Jnz

Pet wall area to

underflaor plenur I 4

Foom type

I Conditioned hd I

Intemal Load I Airflow

Thermostat

Copy
Delete

Add Global

Figure A10: Default Construction Template
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