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EXECUTIVE SUMMARY

In order to better understand the Defense Information Systems Agency (DISA) Headquarters Facility’s
performance, an energy model simulation run by Trance TRACE 700 software was performed. This

simulation helped calculate cooling loads, energy consumption, and various costs to run the building.

The simulation was simplified due to the size of this project (1,000,000 + SF) and time constraints, as this
model took the Engineer months to complete. An energy model of the Operations building which is typical
office space for the rest of the facility was completed. The energy model yielded results that seemed
reasonable. The electricity use was dominated by plug loads, which makes sense when considering the use of
the building. The calculated heating and cooling loads were a bit off when compared to the results of the
Engineer’s energy model. The cooling load had a 35% error, while the heating load had a 17% error.
Although the $/SF of the office space is high compared to typical office space, this facility has much more
equipment than a typical office building. The estimated annually energy consumption for the DISA HQ was
found to be $ 2,814,385.50.
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Il. MECHANICAL SYSTEM REVISITED

The DISA HQ includes six integrated buildings organized in a campus layout. The facility is comprised of six
connected buildings: Command, Operations, Acquisitions, Lab, Warehouse and Central Plant. The program

contains about 70% office spaces, 7% lab spaces, and 10% common spaces.
The air systems served by the Central Utility Plant (CUP) were selected as follows:

Office Space
An Under Floor Air Distribution (UFAD) system to make full use of the 18” raised access floor
and provide individual comfort control for the building occupants, and high energy efficiency when
coupled with central roof level custom air handling equipment delivering low pressure air. The
decision to place the AHU equipment on the roof rather than in AHU rooms is intended to maximize

usable program area in the buildings.

Lab

To serve this high load area efficiently, a system of variable volume vertical air flow, Chilled
Water (CHW) AHU’s designed specifically for use in data centers will be coupled with a direct

injection outdoor air system to provide ventilation air at a constant dewpoint for humidity control.

This system best meets the unique needs of what is in effect a data center with high personnel
occupancy. The AHU’s will be enclosed in a mechanical space to one side of each floor of the lab, in
contrast with CRAC units which are typically placed in the space. This will minimize the noise

contribution to the space from these units.

Common (Multiuse) Area:

The lower floor contains the Cafeteria, Kitchen and Health/Wellness functions which are not
suited for the use of a raised access floor. The HVAC systems for these areas are conventional overhead
VAYV with roof mounted AHU’s. The second floor contains the Conference Center and Training
functions which utilize a raised access floor. These areas are also suitable for the use of a UFAD system,

to maximize the comfort and energy efficiency of these areas.

Special Use Spaces:
These are mainly high load equipment areas, some without occupancy, some with people and
equipment and some with people and normal computer loads. These areas are all on raised access

floors and will be handled with chilled water Computer Room Air Conditioning (CRAC) units in
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combination with a direct injection outside air system to provide ventilation air at a constant dew

point for humidity control; in general, other ventilation methods are also used for some areas.

Mission Critical Spaces:

Certain spaces are Mission Critical; therefore HVAC equipment for these spaces must operate
on the generator when required, together with part of the central chilled water plant and key
components of the Building Automation System (BAS), to enable the Mission Critical spaces to
continue uninterrupted operation. In addition some HVAC equipment is required to be redundant to

increase reliability.

Figure II.1- Site Layout
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1Hl. DESIGN LOAD ESTIMATION

Trane Air Conditioning Economics (TRACE) 700H software was used as the building simulation program to
estimate the design loads for the DISA HQ. In order to accurately calculate the design loads, information

from the design documents were used.

TRACE takes in account both external and internal loads on the building. The external cooling/heating loads
are due to heat gain/loss through the exterior building envelope. The internal loads are generated by

Mechanical/Electrical Equipment, lighting, plug loads, and the building’s occupants.

Do to the scale of this project (1,040,000 ft” and time constraints the energy load simulation had to be
simplified. The block load calculation was performed for the Operations Building. This was chosen due to the
fact that is the larger of the office buildings. The remaining office buildings contain the same Mechanical
system, along with similar loads. The special use spaces will be estimated using design documents. The high
tech Lab spaces will have extremely high loads (37 W/SF), and do to the secure nature of the space. Not
enough information was provided to perform an energy model. This area will also be estimated using the

design documents and compared to the energy model used by the design team.

In order to ensure correct data and computer inputs, information was obtained from the design documents.

Building Enclosure Construction

Using the design documents, the building’s areas, orientation, ventilation rates, and loads were entered into

the simulation program. The table below summarizes the thermal resistive properties of the building.

Building Enclosure Construction
Building Component U-Value [Btu/hrft®-F) | SHGC SC
Roof 0.034 (R-30 Equivalent) - -
Walls 0.08 (R-19 Equivalent) - -
Glass 0.46 (Double Glazed) 0.25 0.29

Figure II1.1- Building Enclosure Construction
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Outdoor Air Ventilation Rates

All outdoor air ventilation rates were taken from the mechanical equipment schedules in the design

documents.
SUPPLY AIR FAN
FAN UNIT OUTSIDE
MANUFACTU1 AIRFLCW | AIRFLOW AR SA TEMP

IDTAG (RERMODEL{ LOCATION | SERVICE | #Fans |  (cm) (cin) (cin) (°F)
OPERATIONS | OFFICE UFAD

-AHU-1 BUFFALC ROOF LEFT CORE 1 38,000 38,000 7,030 62
OPERATIONS | OFFICE UFAD

C-AHU-2 BUFFALO ROOE CENTER CORE 2 25,250 50,500 g 345 62
OPERATIONS | OFFICE UFAD

C-AHU-3 BUFFALC ROGE RIGHT CORE 2 22 500 45,000 8,325 62

Figure II1.2- Operations Building UFAD AHU Schedule

Internal Loads

The lighting and the electrical equipment loads for the DISA HQ were input on a W/SF basis, and were found

in the design documents. The occupancy assumption was based on the RFP. The occupant’s load is based on

ASHRAE Handbook of Fundamentals 2005- Low Rise Office Buildings.

Internal Load Assumptions
Load Assumption
Lighting 0.72 W/SF
Misc. Plug Loads 1.5 W/SF
Occupants 143 SF/Person
Occupants- Sensible 250 BTU/H
Occupants-Latent 200 BTUMH

Figure III.3- Internal Loads

—

~
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Design Indoor and Outdoor Air Conditions

The design indoor air conditions were specified by the RFP, while the outdoor air conditions were obtained

from the ASHRAE Handbook of Fundamentals 2005 and are noted below in Figure III. 4.

Outside Temperature and Humidity Conditions
(ASHRAE Fundamentals 2005)
Qutside Design Conditions Summer
Dry bulb and coincident wet bulb - Envelope 93.6°F DB/T5.0°F WB
Wet bulb and Coincident dry bulb — 100% OA Coils | 77 2°F DB/82 4°F WB

Wet bulb for evaporative heat rejection 78 1°F WB
Outside Design Conditions Winter
Ory bulb and Humidity Ratio (HR} 12.3°F at 4.6 gr/lb

Figure II1.4- Design Outdoor Conditions- Baltimore, MD.

Indoor Design Conditions

Space Summer T°F / % RH/ Winter Temp°E
Open Offices 75/50/72
Private Offices 75/50/72
Server Rooms B65-68/MAX 60/65-68

Lab Areas 65-68/MAX 60/65-68
Ftiness 68/MAX 60/68
Dining T5/MAX 60/72

Figure II1.5- Design Indoor Conditions
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V. COMPUTED LOADS

An energy analysis was performed by the engineer of the project using Trane TRACE 700. This will be

used for comparison and accuracy purposes. This was also used to help estimate the loads for the specialty

spaces, and high security lab.

The figures below will show the results of the computed cooling and heating loads as well as energy use

summaries for the Operations building. Also included are the related Engineer’s calculated building loads

which can be used as a comparison.

COOLING LOAD SUMMARY
Total A/C Area
AHU Load(Tons) (ft%) ft*/ton Peak
O-AHU-1 141.2 57,767 409 15-Jul
0O-AHU-2 211.2 80,460 381 15-Jul
O-AHU-3 171.8 63,379 369 15-Jul
Total 524.2 201,606 386.3

Figure IV.1- Calculated Operations Building Cooling Load

COOLING LOAD SUMMARY
Total A/C Area
AHU Load(Tons) (ft%) ft/ton Peak
O-AHU-1 928 57,767 622 15-Jul
O-AHU-2 137.0 80,460 587 15-Jul
O-AHU-3 112.6 63,379 563 15-Jul
Total 342.4 201,606 590.7

Figure IV.2- Engineer’s Calculated Operations Building Cooling Load

COOLING LOAD ERROR
Calculated |Engineer's
AHU ft*/ton ft*/ton % Error
O-AHU-1 409 622 34%
0O-AHU-2 381 587 35%
O-AHU-3 369 563 34%
Total 386.3 590.7 35%

Figure IV.3- Calculated vs. Engineer’s calculated %Error
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HEATING LOAD SUMMARY
Total AfC Area
Building |Load(MEBEH]) (HE] BTU/SF
Operations | 3012.0 201,606 14.94

Figure IV.4- Calculated Operations Building Heating Load

Figure IV.5- Engineer’s Calculated Operations Building Heating Load

HEATING LOAD SUMMARY
Total A/C Area
Building |Load(MBH] [f'tI] BTU/SF
Operations 2505.0 201,606 12.43

HEATING LOAD ERROR
Calculated | Engineer's
Building BTU/SF BTU/SF % Error
Operations 14.94 12.43 17%

Figure IV.6- Calculated vs. Engineer’s Calculated %Error

| Utility
I Blended Elec Rate
Blended Gas Rate

Rate
$0.169/KWH
$1.367/Therm

Figure IV.7- BGE- Baltimore Gas & Electricity Utility Rates

Load Source Energy (10% BTUJyr) | % of Total Cost % of Total
Lighting Elec 1369 6% $34,225 6%
Heating Gas 1146 5% $14,909 3%
Cooling Elec 1544 6% $38.600 7%
Pumps Elec 561 2% $14.025 2%
Cooling Towers Elec 37 0% 3925 0%
Fans Elec 1697 7% 5§42 425 7%
Plugs Elec 17423 73% $435.700 75%
TOTALS $580,809

Figure IV.8- Operations Building Annual Energy Use Summary

10
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DISA HQ Energy Consumption
Office Spaces

Lighting
6% Heating

3%
*  Cooling

7%
Pumps
2%

B__Cooling Towers
0%

Figure IV.9- Operations Building Annual Energy Use Breakdown

Figure IV.9 above shows that the office space energy consumption is dominated by plug loads. This is due to
the nature of the space. The majority of the facility is office space which leads to high plug loads, along with
the energy intense TE Lab space (37 W/SF).

I Source Energy (1 0f BTU/yr) | % of Total Cost
|  ocas 1146 5% $14,909
Elec 22636 95% $565,900

Figure IV.10- Operations Building Annual Energy Expense Summary

11
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Monthly Electricity Consumption

M Electric (kWh)

Figure IV.10- Operations Building Monthly Electricity Consumption

Monthly Gas Consumption

M Gas (Therm/hr)

Figure IV.11- Operations Building Monthly Natural Gas Consumption

12

—
| —




DISA HQ- FT. MEADE, MD.

.

AE- Senior Thesis-Technical Report Two &Sla":‘l U .

Water Consumption (1000 gal)

B Water Conzurmnption {1000 2zl

Figure IV.12- Operations Building Monthly Water Consumption

—
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V. DISA HQ ToOTAL LOAD ESTIMATION

As previously discussed, the TRACE energy model was only created for the Operations building. Therefore,
an estimation must be made for the rest of the headquarters facility. The most accurate method to compute
this estimation was to use the Engineer’s TRACE block load summaries for the remaining buildings which
were not included in this model. These buildings include Command, Acquisitions, Common, Lab, and

Warehouse.

The Operations building was chosen due to the fact that the majority of this facility (70%) is office building
very typical to that found in the Operations building. The high-security lab has extremely high cooling loads

due to equipment loads.

Space Type % of Total Area (FtY)
Office 70 728,000
Lab 7 72,800
Common 10 104,000
Circulation/Storage 13 135,200
TOTAL 1,040,000

Figure V.1- Program Area Breakdown

Figure V.2 below shows the heating loads for the DISA HQ. The operations building uses the heating load
results of the Trane TRACE model constructed. The remaining building’s heating loads were found in the

design documents. The total heating load was found to be 14, 333 MBH.

HEATING LOAD SUMMARY
Total A/C Area
Building ([Load(MEBEH]) (HE] BTU/SF Note
QOperations | 3012.0 201,606 14,9 |Calculated
Command 28240 231,926 12.2 Design Doc.
Acguisitions| 3027.0 267,468 102 Design Doc.
Common 3653.0 109,350 33.4 Design Doc.
Lab 1061.0 91,704 11.6 |Design Doc.
Warehouse 756.0 14,705 51.4 Design Doc.
TOTAL 14,333

Figure V.2- DISA HQ Heating Load Summary

14
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Figure V.3 below shows the cooling loads for the DISA HQ. The operations building uses the cooling load
results of the Trane TRACE model constructed. The remaining building’s cooling loads were found in the

design documents. The peak cooling load was on 4,160 tons on July 15%.

COOLING LOAD SUMMARY
Total A/C Area
Building |[Load{Tons) (ft) ft*/ton Note
Operations 342.4 201,606 590.7 |[Calculated
Command 1164.0 231,926 199 Design Doc.
Acquisitions| 621.0 267,468 431 Design Doc.
Commaon 467.0 109,350 234 Design Doc.
Lab 1363.0 91,704 67 Design Doc.
Warehouse 32.0 14,705 a57 Design Doc.
TOTAL 3089.4

Figure V.3- DISA HQ Cooling Loads

The overall energy cost for the DISA HQ has been estimated, due to the scale of the campus. The office space
energy cost was estimated based on the $/SF for the Operations building found in Figure V.4.

I Building Area (SF)
S/sf/yr

201,606
$2.88

Figure V.4- Operations Building Annual Energy Cost Summary

DISA HQ ANNUAL ENERGY COST ESTIMATE
Building | Area [ft%) $/SF Note
Operations | 201,606 | S 2.88 | S 580,625.28 Calculated
Command 231,926 | S 2.88 | S 667,946.88 |Design Doc.
Acquisitions 267,468 | S 2.88 | S 770.307.84 Design Doc.
Common 109,350 | S 2.88 | § 314,928.00 |Design Doc.
Lab 91,704 | S 5.00 | $ 458,520.00 |Design Doc.
Warehouse 14705 | S 150 | S 22,057.50 |Design Doc.
TOTAL $ 2,814,385.50

Figure V.5-DISA HQ Annual Energy Cost Estimate Summary

The estimated annually energy consumption for the DISA HQ is $ 2,814,385.5. The estimated used a $/SF

summary to estimate the remaining office areas, along with a rule of thumb for the Lab & Warehouse space.

15
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This estimate was close to the $3,200,000.00 annual energy consumption that the Engineer estimated for this
project using TRACE.

The electricity and natural gas used in the DISA HQ will produce pollutants. Listed below in figures V.6 & 7,

are the amount of pollutants (Ib) that will be added to the atmosphere as a direct result of the energy use at
the DISA HQ.

Pollutant MD [1b/kWh) Total Pollutants From Electricity
CO.. 1.82E+00 6.07E+07
CO, 1.71E+00 5.70E+07
CH, 4,02E-03 1.34E+05
N,O 3.34E-05 1.18E+03
NO, 3.10E-03 1.03E+05
50 1.11E-02 3.70E+05
CO 1.19E-03 3.97E+04

TNMOC 7.74E-05 2.58E+03
Lead 1.16E-07 3.67E+00
NMercury 3.56E+08 1.19E+16
PM10 9.25E-05 3.08E+03
Solid Waste 1.69E+01 5.64E+08

Figure V.6- Pollutants Resulting From Electricity Use

Pollutant MD (Ib/kWh) Total Pollutants From Natural Gas
CO.. 1.23E+02 8.60E+08
co, 1.22E+02 3.53E+08
CH, 2.50E-03 1.75E+04
N,O 2.50E-03 1.75E+04
NO, 1.11E-01 7.76E+05
50 6.03E-03 4.22E+04
CO 9.33E-03 6.52E+04

Figure V.7- Pollutants Resulting From Natural Gas Use

16
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Weather Overrides

Summer Design Cooling K

Uzer
* Overide © Default © 04% S -+

Diybulb |93 | | | Help
Wetbulb |72 | | | |

ooy Cancel

| ‘Weather ovemides apply to entire pear?

Wwiinter Design Heating

Uszer Standard
+ Ovemde ¢ Default ¢ 936% ¢ 99%

Dipbulb |0

Optional Direct Dehurnidification \Weather

ASHRAE MaxDP/MCDE
(" Mone (¢ 04% S - 2%

Diybulb | | °F
wetbulb | | | F
D ew poirt | | | 9E

M odeling Method |Dverride Design Day in Dsnto+] j

Seazonal Values
Surnmer winter
Clearness nurmber |I1 9a |IJ_EIE
Ground reflectance |[|_2 ||J_2

Outdoor carbon dioxide level 400

Figure A-1- ASHRAE Weather Data Input
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Internal Load Templates - Project
Altermnative |Allemalive 1 j |
Dezcription | Propozed-nt j
Feople. ..
M
Type |General Office Space j =
Densty [143  |sa fperson =|  Schedue [Peaple - Office =l Eu
Sensble |250 Btush Latent 200 Btush Delete |
; Add Global
Waorkstations... il
Density |1 |wmk&taliun.-"persun ﬂ
Lighting...
Type |Fhulascenl, hung below ceiling. 100% load to space j
Heat gain |U.72 |W.-’sq ft j Schedule |Lights - Office Ll
Miscelaneous loads. .
Type  |Sid Difice Equipment Bl
Ensrgy |1.5 |'W¢"sq ft ﬂ Schedule |Misc - Low rise office ;l
Ener .
mele?y |EIBCt"3l-"' Ll
Intemnal Load [ Airflow I Thermostat I Construction I Room
Figure A-2- Typical Office Template Input
| J Create Rooms - Walis g ]
Altemnative 1
Fioom deschption |N Est Top ﬂ
Templates... wall..
Room |Prnpns.ad j M Extwal Tag |N Extvfal Corstract |:.a.::e Erick, 4" L/ Concrete. B Ins ﬂ Mew wial
Intemal |FIJ|3E|€E:|-| it | Length 404 ft Uefactor |0.08 Btu/hrfe-°F (Eeer
Airflow | Proposed =] Height |10 ft Tit 0 deg —
Delete
Tetat  [DisaTstat =] E_::gj::r'“‘ 1 Direction [0 deg
Constr |Fr3|3cu:e:| j ,_
Pt wall area to underfloor plenum x
Glass. .. [V wiallares |30 % Tupe |3 ouble Clear 1/8" ﬂ
r ft  U-factor |0.48 Btushrfe-F
Heaght ft  Sh Coef |0.29
Cuantity LdtoRA |0 4
Shading...
Intermal |N0ne ﬂ
Esternal | Overhiang - Hone ll
Single Shest Booms Roofs Walls Int Loads Aiflows ] Partn/Floors

Figure A-3 Typical Wall Construction Input
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| Mechanies

Construction Templates - Project

Alternative |.¢\Itemati\-‘e 1

Description | Propozed

U-factor
BtushrfE-"F

|0 534753
{0.024

Constiuction. .

Slab  |E" Hw Concrete

Roof |E" Hw Conc, 4" Ing
Wall |Fa-:e Erick, 4" L' Concrete, 6" Ins {0.06
0387355

Partition |E|. 79" Gyp Frame

|U-factar Shading
BlufhefeF  coeff

Window | Double Clear 1/8" 045 (033

Glagzs tupe...

Skylight | Single Clear 1/4" {117 056

Height...
Pt wall area ta

"/ all underfloor plenum | o

Flr to fir

Plenurm |4_EF ft

=]
Copy
Delste

Add Global

Intemal Load Thermostat Constiuction

Figure A-4- Typical Construction Material Properties Input

D Create Rooms - Roofs

ME=]
Alternative 1
Room descrption |N Ext Tod LI
Templates... Fioof....
Room | Proposed ~| |Roof-1 Tag |Roof-1 Constiuct | £ Hy/ Conc, 4" Ins ~|  MewRoof
Internal |Pr0pljsed-lr.t j t+" Equals floor Udactor 0034 Btu/h fEF Copy
sifiow [Froposed =~ L ® Pich [0 deg .
Tstat |DI!3ﬁ.-Tst.at j Width f Direction |D deg =
Conetr |F'r0|3|:|sed ;I
Skulight.... [ Roof areal % Tupe | _|
[~ Length | ft  U-factor | Btush-fE-F
‘width | ft  Sh. Cosf |
Quantity | Ldta BA | e
Shading...
Intemal | J
Single Sheet Booms Roofs | wialls I Int Loads I Aiflows Partn/Floors

Figure A-5- Typical Roof Material Properties Input
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Airflow Templates - Project

Alternative ‘.l'-‘-.lternali'v'e 1

Dezcription ‘F‘rc-p-:sed

Main supply... Busiliary supply...
Cooling | ‘TD be calculated ﬂ Cooling | |Tc| be calculated ll Mew

Heating | ‘ Tobe calculated ﬂ Heating | |Tc- be calculated LI Copy
Ventilation... Std £2.1-2004/2007 ..
Apply ASHRAE StdE2.1-2004/2007 |es | Cla Ez |Floar clg supply, celing returr « | 100 %

Delete

Add Global

Type ":'"i'ie space ﬂ HigEz | Flaor htg supply, ceiling returrll |'| oo o
Peopbased [15  |cfm/person = Er  |Réis fuly mived before recic_» | [100 %
Area-based |IJ.DE ‘cfm#sq ft ﬂ DCY Min 04 Intake | |N-::ne LI

Schedule ""-"'Ef"t - Dffice ﬂ Room exhaust...
Rate o |air changes/hr

Infiltratior...
Type  |Pressurized, Average Const. | Schedule | Available (100%]

Caoling |03 |air changes/hr LI WAy minimum...
Heating |0.2 |air changes/hr LI Rate [15 |?=; Clg Airflow

Scheduls |Infil - Lows rize office LI schedule |Far‘| - Low rise office
Type  |Shutoff vy

Internal Load Airflow | Thermostat I Consztruction j Fioom I

Figure A-6-Typical Room Airflow Input
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D Create Systems - Schematic

Alternative 1

|DISA-OFF:

Syztem description

-

optional
exhaust/retum
fan

ICE| ﬂ LFAD VaW w/ Fan-fssisted Reheat

| | floorsiab

<] ——

stratified
thermal

Zone

A

coil bypass

cooling

‘ fan

I
>

preheat coeling
coll coil

Selection [Options

| Dedicated 04 |

Temp/Humidity J Fanz I LCails

Schematic

Figure A-7- DISA HQ Operations Building Schematic
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