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Executive Summary

This technical report is the analysis of building loads and energy consumption. The anal-
ysis is preformed with the computer program Trane TRACE 700. This is a HVAC design
based program that allows for accurate building modeling. Many inputs to this program are
available in libraries that evaluate the occupancy categories of the building.

Twin Rivers Elementary/Intermediate will have a very large heating load during the
school year. The cooling load is considerably lower due to in-occupancy during summer
break. The outcome of the calculations is a little skewed due to over simplification of the
building model and system design.

The cost of the

Mechanical Systems Summary

The Twin Rivers Elementary /Intermediate School will house 800 students of the Mckeesport
Area School District. It is a two story building of 30,000 sq. ft. The Mechanical system is
designed to save 30% of energy when compared to ASHRAE standard 90.1-2007. ASHRAESs
Advanced Energy Design Guide for K-12 School Buildings also had a major impact on the
design.

The main heating and cooling will come from a geothermal system. This will be an earth
coupled water loop directly connected to water-to-air heat pumps. There will be 2 well fields
located slightly north of the building’s foundation. The earth coupled water loop will also
be connected to a chiller, serving air handling units.

The ventilation system consists of 2 dedicated outside air systems (DOAS) which serve
the classrooms and most of the building. The library, cafeteria, gymnasium, and offices each
have individual air handling units (AHU). The library and office AHUs will have zone reheat

coils. The gym and cafeteria AHUs will consist of just a single zone.
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Building Load Calculations

This building energy analysis was preformed using the computer program Trane TRACE
700. This program is able to calculate both load design and energy analysis. Input data
came from Construction Documents of the Twin Rivers Project and also assumptions were

made for any missing information by taking ASHREA standards into account.

Design Conditions

Twin Rivers Elementary/Intermediate is in Mckeesport, PA. This is less than 20 miles from
downtown Pittsburgh, PA. This area is mostly a urban area. For this report, weather data
is taken from Pittsburgh. The climate that the school is located in is zone 5A according
to 90.1’s table B-1. Type A is considered to be very humid in the summers, where the
OA needs to be air conditioned to be considered comfortable. Table 1 demonstrates the

necessary design conditions of the indoor air.

Summer Design Winter Design
Space db (deg F) % RH Max db (deg F) % RH Max
Computer

Labs/Classrooms 75 &0 72 20
Offices 75 60 72 20
Library 75 60 72 40
Gymmnasium 75 60 72 20
Cafeteria 75 60 72 20
Restrooms 78 60 70 20

Table 1: Design Interior Temp and Relative Humidity

Model Design

The calculations performed for this report were based on a block load and energy analysis.
This is a simplified design. Similar areas were formed into blocks for the entire school.
for example, a large grouping of classrooms are considered to be one block. Within Trace,
templates for different zone types were created (see appendix B and C). Eleven zone types

summarize the school. These include:
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Twin Rivers Elementary/Intermediate

1. Cafeteria

2. Classroom

3. Computer Lab

4. Corridor

5. Gymnasium 9. Nurse’s area

6. Kitchen
10. Offices
7. Library

8. Mechanical & Electrical  11. Water Closets

The building can be broken into blocks using these zone types. Twin Rivers has 61 blocks

and can be seen below. The different colors represent the different zone types.

KEY

Cafeteria [JIIIN
Classroom [
Computer Lab [N
corridor [N
Gymnasium -
Kitchen [
Library [

Mechanical & Electrical

Nurse's area

Offices 7
Water Closet [N

—>N

Figure 2: Building Plan Key

Figure 1: Zone Type Key

First Floor South Blocks

Mech/Elec 3
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First Floor North Blocks

Second Floor South Blocks
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Second Floor North Blocks

The school is nearly oriented to the cardinal directions. For simplicity, the TRACE model
uses 0 °, 90°, 180 °, and 270 ° to represent the North, East, South, and West sides of the

building respectfully. The main entrance to the building is located on the eastern side.

Load Assumptions

Data was taken from mechanical drawings and schedules. If information was not available,

ASHREA standards were taken into consideration.

Occupancy Assumptions

There were no occupancy values given in the construction documents. Because of this,
assumptions were made. In ASHREA standard 62.1, table 6-1 gives density values for
certain occupancy categories in persons per 1000 sqft. However, TRACE automatically fills
in a correct density for this value. My zones correlated to these categories so this table
was not needed. The exception to this was the mechanical spaces and the restrooms(water
closets). Both of these are not available in the ASHREA table. The mechanical spaces were
assumed to have 2 people within the space. The restrooms were assumed to have the density

equivalent to a reception area, which was available in the TRACE library.
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Ventilation Assumptions

The building was designed to use ASHREA standard 62.1. The given value for breathing
zone CFM rate in the documents is exactly the same as the automatic fill in of TRACE of
the CFM/person and CFM/sqft values within the airflow tab. Flow rates not given in the
document, such as for mechanical spaces, were taken from the automatic fill by occupancy.
The zone type mechanical/electrical was placed under the occupancy of ”Electrical Equip-
ment Rooms”. The ventilation values are shown in the table below. All of these zones will

have air supplied through the ceiling and also have a ceiling return.

Table 2: Modeled Ventilation Rates

Minimum Minimum
Ventilation Rates Ventilation
Zone Type (CFM/person) {cfm/SF) Infiltration {ACH)
Cafeteria 7.5 0.18 13
Classroom 10 0.12 6
Computer Lab 10 0.12 10
Corridor ] 0.06 4
Gym 0 0.3 8
Kitchen 1.5 0.12 15
Library 5 0.12 4
Mech/Elec 0 0.06 4
MNurse 10 0.18 2
COffice 5 0.06 4
Water Closet 20 0.06 10

Lighting and Equipment Electrical Load Assumptions

Due to incomplete electrical drawings, the true lighting values are unknown. ASHREA
Standard 90.1 gives design values for lighting power densities for specific spaces. These were
used in the TRACE model. Extra load was applied where it was known to have either

computers or printers. A laser printer adds an additional 300 Watts. (load of workstations
is not tabulated below)
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Table 3: Lighting and Misc. Loads

Misc. Loads
Zone Type LPD (W/SF) {W/SF)
Cafeteria 0.9 ]
Classroom 1.24 0.22
Computer Lab 1.23 300 [W]
Corridor 0.66 o
Gym 1.2 0
Kitchen 0.99 ]
Library 1.18 300 [W]
Mech/Elec 0.95 Per Equip.
Murse 0.87 0]
Office 1.11 300 [W]
Water Closet 0.98 0

Construction

For simplicity, there was only one wall type considered in the model. This was the exterior
wall construction. The glazing was also reduced to one single type. The chosen construction
model were the ones that best resembled the U-values of the designed building’s values. A

view of the TRACE construction tab is available in Appendix A.

Table 4: Designed Insulation Values

Shading
wall type R-Value U-value coefficient
Exterior 14.5 0.0690
Roof 30 0.03333
Windows 0.293 0.48

Heating and Cooling Model Design

Multiple ventilation systems were created for this model. There is 2 DOASs and 4 AHU.
These were all supplied with hot and chilled water from the geothermal system. The ground
source heat pumps from the vertical, closed loop geothermal system, were modeled by a
water source heat pump. In reality, this is a hybrid system with direct piping to the room
heat pumps and piping to a chiller which then supplies the AHU’s coils. This is a complex
system and difficult to model in this program. In this model, there is only cooling from the
wells and all hot water coils are connected to a back up boiler. This causes the model to be

slightly inaccurate.
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Calculated Load Vs. Designed Load

There is no load calculation from the mechanical engineers of the Twin Rivers Project with
which to compare these results.

The building peak load for heating is calculated to be 10,998 MBh. The building peak
load for cooling is 430 tons. The cooling load is about half of the heating load. This makes

sense because a school building is not needed for the hot summer days.

Average Heating and Cooling Load per Month

10000000

8000000

6000000

4000000 -

M Heating delivered (Btu/h)
Load (Btu/hr)
M Cooling delivered (Btu/h)

2000000 -

-2000000

-4000000

It is assumed that a more advanced model done by the mechanical engineers would be
more accurate portrayal of the building load. The peak heating load is rather high. This
may be due to the lack of an exact heating and cooling model, blocking instead of individual
room analysis, one wall and window type construction, and other inaccuracies.

Other TRACE Load Calculation Outputs can be viewed in appendix D
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Energy Calculation and Operating Cost

Energy Consumption

The following table summarizes the school’s energy consumption for the entire year. The
building runs mainly on electricity but, it also has a natural gas line to the auxiliary boiler.

This gas line should be minimal compared to the electricity going into the building.
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Cost Analysis
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Appendix A

Miscellaneous TRACE input data

Altemative 1

Enter Praoject Infarmation

Select \Weather Infarmation | Pittzburgh, Pennsylvania

Create Templates

35 Templates

Create Roons

£1 Rooms

Create Systems

B Systems

Azzign Rooms to Systems

61 Azzigned Rooms

Create Plants

2 Plants

S RN S & &

Azzigh Systems ta Plants

Syztem Aszsighments

Define E conomics

A zample with all utilities

Construction Templates - Project

Alternative l.-’-‘qltemative 1 _:]

Description |Default _:]

Constructior... BEJ;::;::D[F
Slab |4 Hw Corcrete ~| |osEvOEd
Roof |6 Hwi Conc, 6" Ins, B Hw TS | o033
wall |Face brick. 2.42" Ins »| |poeazszs
Parttion |0.75" Gyp Frame ~| |n3evass

Glazs type. ..

|J-factar Shading
BrushfeF  coeff

Window IEmm Dbl Loww-E [22=.04) Clr 13mm Air

[ I |o.48

Skylight |Single Clear 1/4"

~| foss |0.95

Ciaar |5tandald Door

Height...

Wall 11 4 ft

~| |z |o

Pt wall area ta

underfloor plenum 5

Flr ta flr 11 4 ft Rioom type IEonditioned ﬂ
Plenur 14 ft
Internal Load Airflovs Thermoztat Lonstruction

Cloze

i

Mew
Copy
Delete

4dd Global

Eie

Roam
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m‘(:maleﬁom = S'mgle Wurkslvee‘l /E‘
Altermative 1 Apply !
Roomn dezcription !Elass_'l _vJ Clase |
Templates... Length Width
Room !m Floar. !SU—H |2?_‘H Mew Room I
iemal [Cassioom  w]  Reeh O 0 & [T =
Airflow rm * Equals flaar _E;I_:i_!l

Tstat IDefau\t b
wall...
Constr IDefau\t b

Desciption  Length [f]  Height (ft] Direction % Glass or Gty Length [ft]  Height [ft] ‘window
[wial-1 |30 [14 J180 e o ] v +]
| jo 14 Jo | E 0 =
| Jo |14 Jo | E 0 r -

Intemal loads... Airflows...

Feople IZD_ W Peop-based !'ID— W
Lighting F‘%— IWqu ft vl Area-based !‘U_'IE_ Icfmf’sq ft vi
Mise lnads W m Cooling Y& min I— Fm

Heating VAW max I_ I‘“m

| Fooms Fioofs I wiallz | Int Loads ! Airflows I Partn/Floors

Configuration

oling plantz
= I.I.M Ground Source Heat Purmp
=i water source heat purp - 007

------ £ Thermal starage
i Cooling tower

----- ¥ Primamy chilled water pump
l# Heating plants
=-li#t Backup Bailer

=8 Boiler - 001

----- {F Hat water pump
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Ej Create Plants

S(=]GE]

— Cooling Equipment - Alkernative 1

Cocling plant IGround Source Heat Purp
Equipment tag IWater zource heat purnp - 001
Category !W’ater source heat pump

Equiprent type: IGmund Source HP - High Effic

Sequencing type IParaIIeI

Lol Lef Lef Lad Led Lef L] e

—~Heat Rejection

Apply
Close I

Type WSHP - Cooling tower

Hourly ambient wet bulb offset I hE:

— Themal Storage Mew Equip i

Copy Equip

Type | GLHE designed for 10F (5C) TD welfiek ~ |

Yearly maintenance expenge |0 3 -
] 4 -

Additional first cost

— Lltility Fiate

Backup heat source IBackup Eoiler Capacity I1 433 Igal.fton LJ -
Delete Equip
Feject condenszer heat Iﬁmund loop Schedule IHeatpump ;i
Feject heat to plant I
Cantrals... |
Operating mode Capacity Energy rate
Cooling tons 0.761 “wditon
Heat recovery 10.88 Mbh/ton 0.0637 “wiMbh
Tank charging tong M fton
Tank charging & heat recovery tons W ton
Pumps Type Full load consumption
Primary chilled water Crist wol chil water pump 15 hp
Condenser water Mone 1] It vaater
Heat recovery or aux condenzer Mone 1] It water
LConfiguration Cooling Equipment Heating Equipment Base Utilty / Misc. Accessary
[77 Economiics o | ==
Albernative 1
Apply I
Equipmert installed cost 0 3 - Revenue penalty IU I$ ;] Close I

Building area override

i1 16950 i
Euilding capacity overide I ton

| S Company !A zample with all utilties ;] Add Rate I
A zample with all utiliies Gas
Utility IEIectric conzumption .L‘ [islste Flats I
Inflation i} %
Ti td Library... I
ime-of-da
e s {11250 OrPeak. 11p-7a Off-Pea x|
~ Recuring/ddditional D epreciable Cost
Year Econ Depr.
Cost Incur Life Tames
Cost I |$ ;l Econamic life rs Add Cost I
Yeal cost Depr. life taxes ) o
incurred & Delete Cost

Utility Rates & Life Cycle Costs

Econonic Infarmation
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Appendix B

Internal Load Templates

Internal Load Templates - Project

Alternative |.-’-‘q|temative 1 __'J 4] d
Description |Cafeteria _vJ
Feople...
M

Type | Caleteria L] e

Dersity |10 |sq ft/perzon LJ Schedule |Misc - Elementary Schoal _j Copy ]

Sensible |275 Bhush Latent  |275 Btush Delete

Add Global

Workstations... i]

Density |0 | workstation/perzon Lj
Lighting...

Type |F|u0rescent, hung below ceiling, 100% load to space L]

Heat gain ]U.S |\A-".n"sq ft j Schedule |Cooling Only [Desian) LJ
Mizcellaneous loads...

Tupe |None L]

Energy |U |\A-".n"sq ft Lj Schedule | Cooling Only [Desian) _11

Energy

reter JNDnB Ll

Internal Load | Airfloe J Thermostat Lonstruction J Boom

L

Internal Load Templates - Project

Alternative |.-’-‘q|temative 1 L] 4_] i
Description 1CIassroom L]
Feople...
M
Type | Clazzroom L] £
Denzity |2U lsq ft/perzan LJ Schedule |Lights - Elementary Claszm _ﬂ Loy ]
Sensible | 280 Btush Latert {200 Btush Delete
Add Global
Workstations. .. i]
Density |3 | workstation/perzon LJ
Lighting...
Type |F|u0rescent, hung below ceiling, 100% load to space L]
Heat gain |1 .24 |\A-".n"sq ft Ll Schedule |Cooling Only [Desian) LJ

Mizcellaneous loads...

Tupe |Sld Schaal Equipment

Lol Lo

Energy ||122 |\A-".n"sqft LJ Schedule | Cooling Only [Desian)
Eﬁr;nte;?y |Electricit_l,l LJ

Internal Load Aitlow Thempsiahinical REpBEoD | Hoom Page 15
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Internal Load Templates - Project

Alternative I.-’-‘qltemative 1 _'_]

Description iCnmputer lab _v_]

Feople...
Type |Classroom _I.J
Denzity |2U | 2q ft/perzan :J Schedule 1 Cooling Only [Design) LJ

Senzble |250 Biush

L atent 200 Brush

Workstations. .
Density  |3p ]workstations LJ
Lighting...
Type |F|u0rescent, hung below ceiling, 100% load to space

Heat gain J'l .23 |\A-".n"sq ft

Mizcellaneous loads...

Lj Schedule | Cooling Only [Diezign)

Led L

Type JLaser Frinter

Energy JSDD ]\,\."

LJ Schedule | Cooling Only [Desian)

Energy

Tant | Electricity

i

Lol Lo

Cloze

f: §

Mew
Copy
Delete

4dd Global

Eie

Internal Load [ Airflovs

J Thermoztat J LConstruction

Roam

Internal Load Ternplates - Pro}ed

Altemative {Allernalive 1

=

Drescription {I:Dnidor

People. ..

=

Tupe |Nnne

Drenzity |4 ]sqftx’person LJ Schedule |EoolingDnIy[Design] _:]
Sensble [0 Btwh Latent [0 B
Wwhorkstations. .
Density |30 Iwnrkstatiom’person _fJ
Lighting...
Type |Fluorescenl, hung below ceiling, 100% load to space

Heat gain ID.EE ]Wa’sq ft

Mizcellaneous loads. .

_:J Schedule |Coaling Only [Design)

in

Type |Nnne

_vJ Schedule | Cooling Oy (D esign]

L]

Cloze

(=10
Copy
Delete

Add Global

bl il

L

Energy |D ]Wa’sq ft

Energy

meker ]Nnne LJ
Internal Load Airflow

Thermosztat Construction

Boom
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Internal Load Templates - Project

i

Albernative I.&Itemative 1 _:]
Degcription iG_l,lm _:] Cloze
People...
M
Type JNDHB L] -
Dengity J1 A qu ft/person LJ Schedule iLighls - Elementary Gumnasiur ﬂ ,ﬂl
Sensible 250 Brtuth Latert  [100  Btuh Delete
Wiorkstations. .. bl
Density |EI |workstaliona’persnn _vJ
Lighting...
Type |Fluorescent, hung below ceiling, 100% load to zpace _I.J
Heat gain 11.2 J\A-".n"sq ft LJ Schedule |Cooling Only [Design) _r__J

Mizcellaneous loads. ..

Type |N0ne

Led [«

Energy |EI |\A-".n"sqft _vJ Schedule |Coaoling Only [Design)
Energy

meter JNone L]

Internal Load ] Airflow J Thermogtat LCongtruction J Boom

Internal Load Templates - Project

Altenative ]Allernalive 1 :_J
Drescription ]Kitchen :_J
People. ..
M

Tupe ]Hestaurant _1] S

Density |15 Isq ft/person _:J Schedule |Lights - Elementary kitchen L] Copy J

Sensible 275 Etush Latent 278 Etush Delete
whork stations. . B e

Density ]D |workslatinm’person L]
Lighting...

Type |Fluorescenl, hung below ceiling, 100% load to space :_j

Heat gain |D.SS ]Wa’sq ft _fJ Schedule | Cooling Only [Deszign] L]
Mizcellaneous loads. .

Type ]Nnne _ﬂ

Energy ]D lW.-"SC] ft L] Schedule | Cooling Oy (D esign] _1]

Energy

meker INE'”E :J

Internal Load Airflow Thermostat Construction Boom
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Internal Load Templates - Project

Alternative |.-’-‘q|temative 1

=
=l

Description 1Librar}l

Feople...

Type |Library

lif

Dersity |50 |sq ft/perzon j Schedule 1Misc - Elementary Schoal
Senzible  |245 Btush Latert 155 Btush
Workstations...
Density  |3p | workstations LJ
Lighting...
Type |F|u0rescent, hung below ceiling, 100% load to space j
Heat gain |1 18 |\A-".n"sq ft Lj Schedule |Cooling Only [Desian) _11

Mizcellaneous loads...

Type |Laser Frinter

Lol Lo

Cloze

f

Mew
Copy
Delete

4dd Global

Eneray |3IJD |W LJ Schedule | Cooling Only [Desian)
Eﬁr;nte;?y | Electricity Lj
Internal Load | Airflovs J Thermoztat LConstruction Roam

Internal Load Templates - Project

Alternative |Alternative 1 _'_J
Drescription JMecha’Elec :_J
People. ..

Tupe ]Nnne

i

Dengity ID lF'eopIe _v_j Schedule |HotWater-Schnnls
Sensible [0 Buh Latent [0 Buwh
wiork stations. .
Density ]D |workslatinm’person L]
Lighting...
Type |Fluorescenl, hung below ceiling, 100% load to space

Hest gain [0.95  [wiisqft v|  Schedule |Misc - Middle Schaol

Mizcellaneous loads. .

i

Type ]Std School Equipment

L]

WL

i

Cloze

Mew
Copy
Delete

Add Global

Energy ]D.22 lW.-"SC] ft L] Schedule | Cooling Oy (D esign]

Erer —

mete[g'l'l IEIectnmty :J

Internal Load Airflow Thermostat Construction Boom
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Internal Load Templates - Project

Alternative l.-’-‘qltemative 1 Li
Description 1Nurse Li
Feople...

Cloze

g

Mew

Type 1General Office Space

Copy

lif

Delete

4dd Global

Density  [143 1sq ft/perzon L] Schedule |F'eop|e - Middle Schoal
Senzible | 250 Btush Latent 200 Btush
Workstations...
Density |4 | workstations L]
Lighting...
Type lFIuDrescent, hung below ceiling, 100% load to space _VJ
Heat gain JU.B? {\A-".n"sq ft LJ Schedule |Lights - Hospital lobby j

Mizcellaneous loads...

Type JNone

Eneraqy ]IJ |\A-".n"sq ft L]
Erergy

reter |N0ne j

Schedule | Cooling Only [Desian)

Led L«

Internal Load | Airfloe ] Thermostat

LConstruction ] Roam

. Internal Load Templates - Project

Alternative |.-’-‘q|temative 1 __:]
Description ]foice _:]
Feople...

i L

Cloze

i

Mew

Type JGeneraI Office Space

Copy

Hif

Delete

4dd Global

Density  [143 qu ft/perzon LJ Schedule 1F'eop|e - Middle Schoal
Senzible | 250 Btush Latent 200 Btush
Workstations...
Density |08 | workstation/perzon Ll
Lighting...
Type |F|u0rescent, hung below ceiling, 100% load to space __VJ
Heatgain [1.11  [wisgft ~|  Schedule |Lights - Ofice |

Mizcellaneous loads...

Tepe |Laser Frinter

Energy |3IJD |W Ll
Eﬁr;nte;?y |Electricit_l,l L]

Schedule | Cooling Only [Desian)

Led [«

Internal Load Airflov

Thermoztat

LConstruction Roam
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Tnlemal i.nadTemplates Ploject . ' I.-.
Albernative I.-’-‘«Itemative ] _:l Apply |
Description I\A-"aler Clozet _:l
Feople...

- Mew
Type IFleceptlnn Alea

=
Dersity  [16.7 lsq ft/perzon ;‘ Schedule IF'eopIe - Middle Schoal LI 4|EDD}I
Sensible  |245 Btush Latent  [155  Btuth Delete |
Workstations... w‘
Density I workstation/perzan ;I
Lighting...
Type IFIuDrescent, hung below ceiling, 100% load to space _VJ
Heatgain 038 [Wwiisg ft ~|  Schedule |Misc - Middie School ~|

Mizcellaneous loads...

Type INone

Ll Lo

Enerqy IU I\A-".r'sq ft ;I Schedule | Cooling Only [Desian)

Energy

reter INDnB _'j

Internal Load Airfloe Thermostat Lonstruction Boom
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Appendix C

Airflow Templates

Airflow Templates - Project

il g

Copy

Albernative |.&Itemative 1 L]
Description |Cafeteria L] Cloze
Main supply... Auilian supply...
Cooling | 1T|:| be calculated L] Cooling | |TD be calculated L] New
Heating | |Tu:| be calculated L] Heating | |TD be calculated lJ
Wentilation... Std 62.1-2004/2007...

Apply ASHRAE Std62.1-2004/2007 |ves: -

Tupe |Eafeteriax’fast food dining L]
Peop-bazed i?.E |cfma’persnn L]
Areahased |0.18 |cfma’sq ft L]

=l

Schedule | Available [100%)

Irfiltration...
Tupe | Mane LJ
Coalitg |1 3 | air changes/hr j
Heating |1 3 | air changes/hr j
Schedule |&vailable (100%) |

Internal Load Airflow

Airflow Templates - Project

Delete

i

Clg Ez |Ceiing clg supply, ceilng retu - ,ﬁ 4
i _j Add Global

Htg EZIEeiIing supply = b+l 5°F[B°Clj ,H #
Er |Defau|t bazed on spstem typelj 4

DY Min 04 Intake MHane -

Room exhaust...

Fiate [ | air changes/hr LJ
Schedule | Available (1003 =l
WA contral...
Clg Ve min | |2 Cg gilows |
Hig W mas | |2 Cg gilows |
Schedule  |Awvailable [100%) =l
Type | Defaul ~]
| Thermostat J LCongtruction J Boom

el

il

Copy

Albernative |.&Itemative 1 L]
Description |Classmom L] Cloze
Main gupply... Auilian supply...
Cooling | |T|:| be calculated __VJ Cooling | |TD be calculated j New
Heating | |Tu:| be calculated L] Heating | |TD be calculated ﬂ
Wentilation... Std 62.1-2004/2007...

Apply ASHRAE S5td62.1-2004/2007 |ves: -

4

Tupe |Elassrnnms [age 9 pluz] _:]
Peop-bazed I1 i] |cfma’persnn _:]
Areahased |0.12 |cfma’sq ft _:]

=l

Schedule | Available [100%)

Delete

ClaEz Il:eiling clg supply, ceiing lBtuL’ a0 %

HtgEz |Eei|ing supply = b+l 5°F[B°CLJ ,H #
Er |Defau|t bazed on spstem typelj 4

DV Min 04 Intake MHaore -

Room exhauszt...

Add Global

Infilration. . Rate |0 |aichangestn |
Twpe  [More ~] Schedule | &vailable (100%) |
Cooling |E ]ail changes/hr j WAV cantrol..
Heating |5 | air changes/he =] ClaVay min | |% Clagiflow ]
Schedule | &vailable (100%) | Hig W max | |% Clg diflows =]
Schedule  |Awvailsble (100%) 2
Type | Defaul ~]
Internal Load Airflow Iherﬁﬂe@hnichl RMDQ J Hoom Page 21
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Airflow Templates - Project
Alternative |.~’-‘-.Itemative 1 .ﬂ 4
Dezcription |Eomputer Lab j
td ain zupply. .. Aviliary supply...

Cooling | |To be calculated LJ Cooling | |Tu:| be calculated j Mew
Heating | |TD be calculated j Heating ] |T|:| be calculated L] Copy
Yentilation... Std £2.1-2004/2007... I
Apply ASHRAE 51d62.1-2004/2007 [es =] Clg Ez | Cailing clg supply, ceiing retu v | [100 %
Type |Cnmputer lab j Htg EZJCeiIing supply > tm+1 5°F[8‘”EL] ]ﬁ % @
Peop-bazed |1D ]cfmx’person j Er JDefauIt bazed on zystem t-"'F'EL] l_ %
Mreabased [012  [cim/saft ~] DOV MinO& Intake | [None =]
Schedule | Awvailable [1003%) | Room eshaust...
Infiltratian... Rate o |air changeshr j
Type  [Mone | Schedule | Avaiable [100%) |
Cooling |10 |air changeshr j s contral
Heating |1 ] | air changesdhr j Clg Y& min | | & Clg Airflow L]
Schedule |Avaiable [100%] | Hig Wi max | | % Clg irflow |
Schedue  [Awalable (100%) =l
Type IDefauIt LI
Internal Load Airflow | Thermosztat I LCaonstruction I Roorm I

-Ai:ffow Templates - Project @

Alternative |.~’-‘-.Itemative 1 _ﬂ 4‘ :
Dezcription |E0rridor _j

td ain supply. .. Avpiliary supply. ..

Caooling | |To be calculated ﬂ Cooling | JTn be calculated LJ New
Heating | ITD be calculated _j Heating | |T|:| be calculated Lj Copy

Yentilation... Std B2.1-2004/2007... e
Apply ASHRAE 51d62.1-2004/2007 [es | Clg Ez |Ceiling clg supply, ceiing retu v | [100 %
Htg Ez2| Ceiing supply > trm+15°F3'T_»|[80 % ﬂ‘
Er |Default bazed on system l_',IDELJ r_ %

DY Min 04 Intake | MNone A

Fioom exhaust...

Type | Corridore

Peop-bazed |IJ |cfm.f'person

freabased 005 |cfmsq i

Led LefLef L]

Schedule | Awvailable (100%)

Infiltration... Rate |0 | air changes/hr LJ
Type  |None | Schedule |vailable [100%) |
Cooling |4 |air changes/hr L] s contral
Heating |4 |air changes/hr L] Clg Y& min I l"/o Clg Airflaw _j
Schedule |Avaiable [100%] | Htg i max | | Clg Airflow |
Schedue  [Awalable (100%) =l
Type | Default |
Internal Load Airflow Thermoztat I LCaonstruction I Roorm
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Twin Rivers Elementary /Intermediate

Airflow Templates - Project

¢

Alternative {Alternative 1 j
Dezcription |Gym j Close
td ain zupply. .. Aviliary supply..
Cooling | |To be calculated ﬂ Cooling ] |Tu:| be calculated _j New
Heating | |TD be calculated j Heating | |T|:| be calculated L] Copy
‘Wentilation... Std B2.1-2004,/2007...

Apply ASHRAE Std62.1-2004/2007 |Yes -

Type 1 Gy, stadium [play area) L]
Peop-bazed 1IJ

|cfm.f'person -

=
|cfm.n"sq ft L]
=l

Areabased [0.3

Schedule | Awvailable (100%)
Infiltratior...
Type INnne _'_I
Cooling ]8 |air chanages/hr j
Heating ]8 Jair chanages/hr j
Scheduls |.-’-‘wai|ab|e [100%] j

Delete

ClgEz |Eeiling clg supply, ceiling retulJ W ke
Htg EZ{CeiIing supply ¥ tm+1 5°F[8‘”I:j B0 %
Er |Default bazed on spstem l_l,lpej %

DY Min 04 Intake MNone hd

Fioom exhaust...

Add Global

i

Internal Load Airflow

Rate o | air changes/hr L]
Schedule [Awallable (100%) Izl
W contral...
Clg wa min | | & Clg Airflow L]
Hig Wi max | | % Clg irflow |
Schedue  [Awalable (100%) =l
Type | Default |
| Thermosztat ] LCaonstruction I Roorm

Airflow Templates - Project

B

Alternative |.-’-‘q|temative 1 L] 4]
Description |Kilchen L]
b ain supply. .. Auiliary supply...
Canling | |Tu:| be calculated _ﬂ Cooling | |To be calculated ﬂ Mew
Heating | |T|:| be calculated L] Heating | |TD be calculated j
Yentilation... Std 62.1-2004/2007...

Apply ASHRAE Std62.1-2004/2007 |Yes

Tupe |Kitchen - cooking __:]
Peop-bazed ].7".5 |cfma’persnn _:]
trearbased 112 |ohn/sqkt |

=l

Schedule | Awailatle (100%)

Infiltration...
Type 1 Mone j
Cooling |1 7 I air changesh ﬂ
Heating |1 7 I air changesh ﬂ
Scheduls {Available [100%) ﬂ

Internal Load Airflow

Delete

ClgEz lEeiIing clg zupply, ceiling retullﬁﬁ =
HtgEz ||:ei|ing supply > tm+1 5‘”F[8°CLJ an o =
Er |Defau|t bazed on gpstem typelj #

DLW Min 04 Intake MHone -

Room exhaust...

I

4dd Global

a

Rate o | air changes/hr LJ
Schedule | &vailable (100%) |
WA contral...
Clg Wil min | I"/o Clig Airflan ﬂ
Hig i max | | 2 Cig Asirflow -
Schedule  |Avalable (100%] =l
Type | Defau ~]
Thermostat J LConstruction J Roam
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Twin Rivers Elementary /Intermediate

Airflow Templates - Project

Alternative |.~’-‘-.Itemative 1 j
Dezcription JLibrary j
td ain zupply. .. Aviliary supply. .
Cooling | |To be calculated LJ Coaling | 1T|:| be calculated _vJ New
Heatng | |TD be calculated j Heating | |T|:| be calculated L] Copy
Wentilation... Std B2.1-2004,/2007...

Apply ASHRAE Std62.1-2004/2007 |es -

Type | Libraries j
Peop-bazed |5 |cfm.f'person j
freabased 012 |cfmdsq i ]

=

(5wl
.

Delete
Add Global

ClgEz {Eeiling clg supply, ceiling retulJ W i
Htg EZJCeiIing supply ¥ tm+1 5°F[8‘”I:j |BD %
Er |Default bazed on spstem l_l,lpej %

DCY Min 04 Intake anne A

Schedule |Available [100%) Foom exhaust...
nfiltration... Rate i | air changes/hr L]
Type  |None | Schedule |Awvailable [100%) |
Cooling |4 ]air changes/hr L] s contral
Heating 14 ] air changesdhr L] Clg Y& min I | & Clg Airflow _:]
Schedule |Avalable [100%] | Htg i max | | % Clg irflow |
Schedue  [Avalable (100%) =l
Type | Default |
Internal Load Airflow | Thermoztat I LCaonstruction I Room I

Airflow Templates - Project

X
o

Apply ASHRAE 5td62.1-2004/2007 |Yes -

Type JEIectricaI Equiprment Fooms ﬂ

Feop-based |EI |cfm.f'person ﬂ
fueabased |0.08 |cfm.n"sq ft ﬂ
Schedule  [Availale (100%) =
Infilkratior...
Type |Nnne L]
Cooling |4 1airchanges;"hr LI
Heating |4 1airchanges;"hr LI
Schedule |&wvailable [100%) -

Internal Load Airflow

Alternative JAIlernalive 1 _"J
Drescription JMecha’Elec _ﬂ
tain supply... Aumiliary supply...
Cooling | lTD be calculated _j Cooling | |T|:| be calculated Lj New
Heating | 1T0 be calculated _'J Heating | JTD be calculated Lj Copy
Wentilation... Std 62.1-2004/2007...

Delete
Add Global

ClgEz 1Ceiling clg supply, ceiling retuLJ 100 %
Hig Ezl[:eiling zupply > b+ 5°F[8°ELJ rSD_ %
Er JDefauIl based an systemn typelj %

DCY bin 04 Intake I Mohe -

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

E
B

1 air changes/hr

VAW contral...
Clg'&y min |

| % Clg iflaw

Higvay max | | % Clg iflaw

LedLef Led L

Schedule | &wvailable [100%)
Type | Defaul
Thermosztat ‘ Construction ‘ Boom
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Airflow Templates - Project

Apply ASHRAE Std62.1-2004/2007 |Yes -

Type |Da_|,lcale [through age 4] j
Peop-bazed |1 1] |cfm.f'person j
freabased 018 |cfmisq i ]

=

Schedule | Awvailable (100%)

Infiltratior...
Type |Nnne j
Cooling ]8 |air changes/hr L]
Heating ]8 |air changes/hr L]
Scheduls |.&vai|able [100%] L]

Alternative |.t’-‘-.ltemative 1 _j
Dezcription |Nurse _j
td ain supply. .. Avpiliary supply. ..
Caooling | |To be calculated ﬂ Cooling | JTn be calculated L]
Heatirg | lTD be calculated _j Heating | |T|:| be calculated Lj
‘entilatior... Std 62.1-2004/2007...

ClgEz {Eeiling clg supply, ceiling retulJ 11_00- 5
Htg E21Ceiling supply > tm+1 5°F[8‘”I:LJ B0 %
Er |Default bazed on spstem l_','pELJ %

DY Min 04 Intake | MNone A

Fioom exhaust...

Cloze

g

MNew

Copy

Delete

Add Global

i

Internal Load Airflow

Rate o | air changes/hr LI
Schedule | Avaiable [100%) |
WAl contral..
Clg wa min I l & Clg Airflow _j
Htg i max | | Clg Airflow |
Schedue  [Awalable (100%) =l
Type | Default |
| Thermoztat I LCaonstruction I Roorm I

Airflow Templates - Project

Apply ASHRAE Std62.1-2004/2007 |Yes =

Type lfoice space L]
Peop-bazed ]5 |cfma’persnn L]
treabased 106 |om/sqkt |

£l

Schedule  |Awailatle (100%)

Infiltration...
Type | Mone j
Cooling |4 |air changes.hr ﬂ
Heating |4 | air changeshr ﬂ
Scheduls JAvaiIable [100%) ﬂ

Internal Load Airflow

Alternative |.-’-‘q|temative 1 L]
Description |foice L]
b ain supply. .. Auiliary supply...
Cooling | 1T|:| be calculated j Conling | |To be calculated LJ
Heating | |T|:| be calculated L] Heating | |TD be calculated j
Wentilation... Std 62.1-2004/2007...

ClgEz |Eei|ing clg zupply, ceiling retuL”ﬁ 5
HtgEz ||:ei|ing supply > tm+1 5‘”F[8°CL] an =
Er |Defau|t bazed on gpstem t_',JpEL] %

DCY Min DA Intake | [Mone -

Room exhaust...

g

Cloze

Mew
Copy
Delete

4dd Global

Eie

Rate o | air changes/hr LJ
Schedule | &valable (100%) |
WA contral...
Clg Wl min J |°/o Clg Airflon ﬂ
Hig Vi mas | |2 Cla Airflow -l
Schedule  |Avalable (100%] =l
Type | Default ~|
Thermoztat J LConstruction J Roam
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Twin Rivers Elementary /Intermediate

Airflow Templates - Project

= o

Alternative |.-’-‘q|temative 1
Description i\a\-"aler Clozet _v_]
b ain supply. .. Auiliary supply...
Canling | |Tu:| be calculated L] Conling | 1T0 be calculated _ﬂ Mew
Hesting | |T|:| be calculated _V_I Heating | |TD be calculated LJ Copy
Yentilation... Std 62.1-2004/2007....

Apply ASHRAE Std62.1-2004/2007 |Yes =

Type ]Health club/ weight rooms LJ
Peop-bazed {20 ]cfma’person LJ
treabased 106 |cm/sqkt |

=~

Schedule  |Awailatle (100%)

Infiltration...
Tupe ] Mone LJ
Cooling |1 a ] air changesh LJ
Heating |1 0 ] air changesh LJ
Scheduls |Available [100%) LJ

Intermal Load Airflow

Delete
Add Global

ClgEz IEeiIing clg zupply, ceiling retull W =
Htg Ele:eiIing supply > trm+1 5*F[8°[;L] an %
Er ]Default bazed on gpstem type;] l_ #

DCW Min 04 Intake Mone hd

Room exhaust...

Rate o 1 air changes/hr L]
Schedule [ available [100%) =

W contral...
ClaWty mn | |32 Clg Aiflaw -l
Hig Vo max | |32 Clg Aiflaw -l
Schedule  |Avalable (100%] =l
Type | Default .ﬂ

Thermoztat J LConstruction J Roam J
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Appendix D

TRACE Calculation Output

SYSTEM SUMMARY
DESIGN HEATING CAPACITIES

By ACADEMIC
Alternative 1
System Coil Capacities
Stg1 stg2 stg1 Stg 2
Main Aux Optional  Desic Desic Frost Frost Heating
System  System  Prehest Reheat | Humid. Vent Regen  Regen Prevention Prevention Totals
System Description System Type Btuh Btu/h Btuih Btuh Btuh Bturh Btuh Btulh Btuih Btuh Btuih
DOAS_1 Water Source Heat Pump 3,403,028 0 0 0 0 [ 0 0 0 0 -3403028
DOAS_2 Water Source Heat Pump 4233042 0 0 0 0 [ 0 0 0 0 4233042
AHU_1 Single Zone Variable Air Volume 1,557,616 0 o ] 0 [ 0 0 0 0 1557616
AHU_Z Variable Volume Reheat (30% Min Flow Default)  -326,172 [t} -71,434 227544 (1] 1] 0 (1] 0 (1] -399,607
AHU_3 Single Zone Variable Air Volume -900,159 0 0 0 0 o 0 0 0 0 -900,159
AHU_4 Variable Volume Reheat (30% Min Flow Default) 421,108 1] -83,339 -24.219 0 1] 0 0 0 1] -504 445
Totals -10, 843,122 o -154,773 51,763 o o o o o 0 10,997 896
Building Plant Capacities
Peak Loads
stg 1 Stg 2 stg 1 stg 2
Main Preheat Reheat Humid. Aux Opt Vent Misc Desic. Desic. Frost Frost Base Absorption
Coil Coil Coil Coil Coil Coil Load Regen. Regen. Prev. Prev. Utility Load
Plant  System MBh MEBh MBh MBh MBh MBh MBh MBh  MBh  MBh MBh MBh MBh
Backup Boiler 10843 155 o ] 0 o 0 0 0 0 ] 0 0
s 1 3,403 0 o ] 0 o [ 0 o o o 0 0
DOAS_2 4,233 0 ] ] 0 0 0 0 o o 0 1 0
AHU_1 1,558 0 o 0 a a L] 0 o 0 o a 0
AHU_2 328 ] o o (1} 1] 0 0 o o o ) o
AHU_3 900 o o o 1} 1] 0 0 o 1) o a 0
AHU 4 421 & o il 0 0 0 0 o 0 0 i 0
ng peak load is 10,9579 MBh.
DESIGN COOLING CAPACITIES
By ACADEMIC
Alternative 1
Building Airside Systems and Plant Capacities
Peak Plant Loads Block Plant Loads
Stg1  Stg2 Time stg1 Stg2
Main Aux  OptVent  Misc Desic Desic  Base Peak of Main Aux  OptVent Misc  Desic Desic Base Block
Cail Coil Coil Load Cond Cond  Utility Total | Peak  Coil Cail Coil Load Cond Cond Utiity  Total
Plant  System ton ton ton ton ton  fton fon ton | maohr  ton ton ton ton ton  ton  ton ton
Ground Source Heat Pump 4298 oo 0.0 oo 0.0 0o 0o 4298 WS 4131 0.0 0o 00 0.0 0.0 0.0 4131
DOAS_1 1266 oo 0.0 oo 0.0 0.0 0.0 1286 ms 1257 0.0 0o 00 0.0 0.0 0.0 1257
DOAS_2 1680 00 0o 0.0 00 00 0.0 1690 | 715 1653 0.0 0o 0.0 00 00 0D 1653
AHU_1 €0.1 0o 0.0 oo 0.0 0o 0o 60.1 7S 0.1 0.0 0o 0o 0.0 0.0 0.0 60.1
AHU_Z 17.2 0.0 0.0 0.0 0.0 0o 0o 172 s 172 0.0 0o 0.0 0.0 0.0 0.0 172
AHU_3 9.9 oo 0.0 oo 0.0 0.0 0.0 k) 715 9.9 0.0 0o 0.0 0.0 0.0 0.0 8.9
AHU_4 15.1 0.0 0.0 oo 0.0 0.0 0.0 15.1 715 5.0 0.0 00 0.0 0.0 0.0 0.0 50
Building 4298 0.0 0.0 0.0 0.0 0.0 0.0 4298 4131 0.0 0.0 0.0 0.0 0.0 0.0 413.1
Building peak load i 429 8 tons. Building maximum block load of 413.1 tons eceurs in July at hour 15

based on system simulation.
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System Checksums

By ACADEMIC
AHU_1 Single Zone Variable Air Volume
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MofHr: 7715 : MoMHr 7415+ MolHr: Heafing Design Cooling  Heating
Outside Air- OADB/WB/HR: 86/ 7195 : OADB: 86 : OADB: 5 SADB 550 264.1
; H Ra Plenum 751 893
Space Plenum Met Percent Space Percent Space Peak Coil Peak Percent | | Return 751 693
Sens. +Lat  Sens.+Lat Total Of Total ! Sensible Of Total | Space Sens Tot Sens Of Total | | Ret/OA 787 79
Buihy Biuh Btuh ) Btum %) Btuh Btuh (%) | | FnMitrTD 00 00
Envelope Loads. Fn BIATD 00 00
Skylite Solar [t} o 0 0 Q 1] 1] Q 0.00 || Fn Frict oo oo
Skylite Cond 0 0 !} o [} 0 Q Q 0.00
Roof Cond 0 4,722 4722 1 0 0 a -15,742 1.01
Glass Solar 21,884 [ 21,884 3 21,884 5 0 0 o000 AIRFLOWS
Glass/Door Cond 1361 0 1,364 0, 1,351 a 13636 -13,636 0.88 -
Wall Cond 551 449 999 0! 551 0 3,068 5,544 036 || Cooung| Hedfisg
Parttion/Door 0 0 o o o ] 0 QO ||Diffuser il )
Floor 0 [1] 0. 0 0 0 a 0.00 | | Terminal 18,984 5,695
Adjacent Floor 0 0 0 0 0 M 0 0 0 | | Main Fan 18,984 5695
Infiltration 242975 242,975 A, 196,601 49 -1,181,735 -1,161,735  T4.58 | | Sec Fan o o
Sub Total ==> 268,770 5171 271,941 38! 220,397 54 -1,178,441 1,196,650 7683 | | Nom vent 6238 5439
: AHU Vent 6238 5439
Internal Loads : Infil 16745 15745
23513 1] 23513 3. 23513 [N 1] a 0.00 | | MinStop/Rh 5,695 5,695
338,346 a 333,346 47! 161,024 40 a 0 000 ||Retun 35728 2240
0 a 0 0: 0 0: o 0 000 ||Exhaust 22983 22,184
361,850 o 361,859 50 184537 46, (1] [1} 0.00 | |Rm Exh 1} o
5 Auxiliary [1] 0
300 -300 [1] 0, 200 (1] -1,626 0 0.00 [ | Leakage Dwn 0 0
Ventilation Load 0 a 90,595 13! 0 0 Ventilation Load [} 377357 2423 || Leakage Ups o 0
Adj Air Trans Heat "] L] [] o 0 Adj Air Trans Heat 1] ] 1]
Dehumid. Ov Sizing o 0, , Ovilindr Sizing [ 0 oo
Ovilndr Sizing 0 ] 0: 0 0} Exhaust Heat 16401 105 ENGINEERING CKS
Exhaust Heat 3,137 3,137 0! | OA Preheat Diff. 0 000
Sup. Fan Heat 0 0; 1 RA Preheat Diff. 0 0.00 Cooling  Heating
Ret. Fan Heat 0 0 [} | Additional Reheat 0 000||%0A 328 955
Duct Heat Pkup 0 o 0. ) ofmiftt 258 077
Underfir Sup Ht Pkup 0 0. + Underflr Sup Ht Pkup a 0.00 | | cfmiton 31584
Supply Air Leakage o a 0: * Supply Air Leakage 0 0.00 || feton 12342
| H Btuthr-ft* 9723 -20098
Grand Total => 628,930 1734 721258 100.00° 405235  100.00' Grand Total ==> -1,180,089 -1,557 616 10000 | | Mo. People 851
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capasity Airflow  Enter DBAWBE/HR Leave DBIWB/HR Gross Total Glass Capacity CoilAiflow  Ent Lvg
ton MBh cm F  °F g *F F b L) MBh cfm  F CF|
Main Cig 0.1 7213 2 18984 787 684 924 550 550 674 || Fioor 7418 IMain Htg -1,557.6 5695 7.9 2641
Aux Clg 00 0.0 0.0 0 00 o0 00 00 00 00|| Part 0 Aux Hig 00 0 00 00
Opt Vent 0.0 0.0 00 0 00 o0 00 00 00 00|| IntDoor 0 Preheat 00 0 00 00
ExFir 0
Total 80.1 3 Roof 7418 0 0 | [Humidif 0.0 0 00 0.0
Wall 1,946 708 36 | |Opt Vent 0.0 0 00 0.0
Ext Door o 0 0 | |Total -1,957.6
Project Name: Elementary TRACE® 700 v6.2.10 calcuiated at 10:56 PM on 10/03/2013
Dataset Name: Thesis.tre Altemnative - 1 System Checksums Report Page 1 of 6
System Checksums
By ACADEMIC
AHU_2 Variable Volume Reheat (30% Min Flow Default)
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MoiHr 7/15 . MoHr 7115 - Mo/Hr: Heafing Design Cooling  Heating
Cutside Air CADBIWB/HR: 86171195 : OADB: B6 : OADB: 5 SADB 550 2337
H H Ra Plenum 754 68.1
Space Plenum Net Percent Space Percent Space Peak Coil Peak Percent | | Return 754 68.1
Sens.+lat.  Sens. +Llat Total Of Total | Sensible Of Total | Space Sens Tot Sens  Of Total | | Ret’OA 778 190
Btuih Btum Biuh %) Btuh ) Buh Biuh (%) | | Fn MtrTD 00 0.0
Envelope Loads Envelope Loads Fn BIdTD 00 0.0
Shylite Solar o a 0 0 i 0 Shyite Solar 0 0 000 ||FnFrict 00 0.0
Skylite Cond 1] 0 o 0 1} 0 Shyite Cond a 0 0.00
Roof Cond o 3,828 3,628 2 [ 0 RoofCond 0 12868 347
Glass Solar 20,754 o 20,754 10 20,754 17!  Glass Solar 0 0 000 AIRFLOWS
‘Glass/Door Cond 1,12 1] 1,112 1, 1112 1, " Glass/Door Cond -1,142 -11,142 279 Cooling  Heating
Wall Cond 829 512 1,341 1! 829 1) Wall Cond 4417 7,144 179
Partiion/Door ] [} o ] 0! Partion/Door 1] 0 00g ||Diffuser ale  hEm
Floor o 0 [H 0 0% Ficor 0 0 000 ||Terminal 5735 1720
Adjacent Floor o ] o 0 1] 0 Adacent Floor 0 0 0 | | Main Fan 5735 1720
Infiltration 83,674 83,674 a1: 47,622 39 Infilration -281,403 -281,403 7042 || Sec Fan a 0
Sub Total ==> 108,368 4340 110,709 H 70317 57; Sub Tolal = -296,962 312,357 7817 | | Nom Vent 1,338 1338
AHU Vent 1338 1,338
Internal Loads. : el Lodoe Infil 4056 4056
24,502 0 24,502 12} 24,502 a0 Lights 0 0 000 ||MinStop/Rn 1,720 1720
44,759 a 44,759 : 25,899 21: People 1] 0 0.00 | [ Retumn 9,791 5776
1,024 [i 1,004 0: 1,024 10 Misc i 0 000 ||Exhaust 5384 5304
70,285 o 70,285 34 51425 42 | Sub Total—> [i} i 0.00 | |Rm Exh 0 o
H Augxiliary a a
676 676 o 0, £76 1 Ceiling Load 3867 0 000 ||Leakage Dwn [ 0
() 0 27,612 13! 0 0 Ventilation Load 0 92863 2324 | |Leakage Ups 0 0
Adj Air Trans Heat o ] (1] (1} 0 AdjAir Trans Heat a o o
Dehumid. Ov Sizing [ Ovilindr Sizing [ 0 000
OviUndr Sizing o 0 0; i 0} Exhaust Heat 10953 274 ENGINEERING CKS
Exhaust Heat 2019 2,019 -1 | OA Preheat Diff. 0 000
Sup. Fan Heat o 0; | RA Preheat Diff. 5,340 134 Coocling  Heating
Ret. Fan Heat 1] 0 [H | Additional Reheat 0 000||%O0A 233 78
Duct Heat Pkup 1] [1] [ ¥ ofm/fit 084 028
Underfir Sup Ht Pkup (1] 0. * Underfir Sup Ht Pkup o 0.00 | [ efmiton 33312
Supply Air Leakage o [i] 0 * Supply Air Leakage o 0.00 | | feton 35340
H H Btufhr 3396 6568
Grand Total ==> 177,330 1645 206,587  100.00° 122418 100.00 ' Grand Total => -300,629 399,607 10000 || No. People 12
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity ~ Sens Cap. Coil Aiflow  Enter DBIWB/HR eave DB/WB/HR| Gross Total Glass Capacity CoilAirflow  Ent  Lvg|
ton MBh MBh cfm T T arflly *F °F  grflb & (%) MBh ofm °F °F|
Main Clg 172 206.6 1398 5735 778 B6T 851 550 550 674/ Floor 6,084 IMain Hig 3282 1720 S50 2337
Aux Clg 0o 0.0 0.0 o o0 0.0 0o 00 00 0.0 Part o |Aux Htg [} 0 00 0.0)
Opt Vent 0o 0.0 00 0 00 00 0.0 00 00 00| mtooer 0 714 1338 50 S50
ExFIr o 275 1,720 550 700
Total 172 206.6 Roof 6,084 0 o i 00 00 00
wall 2,184 579 27 | |opt Vent 0.0 0 00 0.0)
Ext Door 0 0 0 | |tota 3996
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System Checksums

By ACADEMIC
AHU_3 Single Zone Variable Air Volume
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MoiHr 7/15 . MoHr 7415 . Mo/Hr: Heating Design Cooling  Heating
Quiside Ar: OADB/WB/HR: 86171195 : OADB: 86 OADB: 5 SADB 491 2374
; Ra Plenum 752 685
Space Plenum Net Percent Space Perce Space Peak Coil Peak Percent | | Return 752 689
Sens.# Lat.  Sens. + Lat Total Of Total Sensible Of Total Space Sens Tot Sens Of Total | | ReVOA T3 310
Btuhi Btuh Btuh =) Bruh Biuh %) || Fn MerTD 00 0o
Envelope Loads. Envelope Loads Fn BIdTD 00 00
Shylite Solar 1] 0 0 0 a Shylite Solar i 0 000 ||FnFrict 00 0o
Shylits Cond o 0 0 0 ] Skyfite Cond a 0 000
Roof Cand o 5,270 5.270 1 0 Roof Cond o 17547 195
Glass Solar 9,503 0 5,503 2 9,903 Glass Solar o 0 000 AIRFLOWS
GlassiDoor Cond 626 0 626 0 £26 Glass/Doar Cond %277 6277 070 Cooling  Heating
‘Wall Cond 893 459 1,352 0; 883 ‘Wall Cond 4,834 7312 08|
Partition/Deor ] 0 [ 0 Partition/Door 1] 0 000 || Diffuser oy i
Fioor o o 0 1] Floor ] 0 000 ||Terminal 13615 4085
Adjacent Flaor o 0 o o o Adjacent Floar o 0 0 | | Main Fan 13815 4085
Infiltration 204,446 204,446 43 122491 Infiltration 723812 723812 8041 [|SecFan a 0
Sub Total ==> 215,866 5729 221,587 46! 133913 Sub Total === -734,924 754,849 8357 || Nom Vent 2,598 2424
: AHU Vent 2,598 2424
Internal Loads ! ntemal Loads Infil 10,433 10433
Lights 32,775 1] 32775 7. 32,775 [1] 1] 0.00 | | MinStop/Rh 4,085 4,085
Peaple 175,197 [ 175,197 3r: 122,469 a 0 000 ||Retumn 24048 14517
Misc 1458 a ’ 0; 1,45 a 0 0.00 ||Exhaust 13031 12857
Sub Total==> 209428 o 209,429 44 156,701 0 0 0.00 | | Rm Exh o o
Auxiliary 1] (1]
Ceiling Load 604 -604 o o, 604 g Load 2912 0 0.00 | | Leakage Dwn o (1]
Ventilation L oad o fi 50,419 M o @ Ventilation Load o 168,190 1868 || Leakage Ups [ o
Adj Air Trans Heat V] o o (i} 0 Adj Air Trans Heat a 0 0
Dehumid. Ov Sizing ] 0 Ovilindr Sizing 7.824 7824 067
Ovilndr Sizing o 0 0; o | Exhaust Heat 15156 -168 ENGINEERING CKS
Exhaust Heat 3,187 3,187 4! A Preheat Diff. 0 0m
Sup. Fan Heat 0 0! A Preheat Diff. 0 o000 Cooling  Heating
Ret. Fan Heat 0 0 (i dditional Reheat 0 000||%0A 18.1 594
Duct Heat Pkup [1} o (I H ofmifts 164 049
Underfir Sup Ht Pkup 1] o nderfir Sup Ht Pkup 0 000 || cfmiton 341862
Supply Air Leakage 0 o 0! upply Air Leakage o 000 || feton 20881
; Btulhr it 5747 -10817
Grand Total ==> 425,901 1937 478258  100.00' 291,219 100.00 ' Grand Total => 730,012 500,158 10000 || No. People 864
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity ~ Sens Cap. Coil Airflow  Enter DBWBIHR Leave DB/WE/HR| Gross Total Glass Capacity Coil Airfl
ton MBh MBh om °F F g FOF gib £ %) MBh
Main Cig 389 478.3 3237 13615 773 667 858 481 490 539(| Ficor 8322 IMain Htg 002
Aux Cig 00 0.0 0o 0 00 00 0.0 00 00 00| Part 0 |Aux Hig 00
Opt Vent 00 0.0 0o o 00 00 0.0 00 00 00|| mtDoor 0 [Preneat 00
ExFir 0
Total 388 478.3 Roof 8322 0 0 | [Humidif 00 0 00 00
wall 1,960 326 17 | |opt Vent 0.0 0 00 0.0
Ext Door o 0 0 | [rotal -900.2
System Checksums
By ACADEMIC
AHU 4 Variable Volume Reheat (30% Min Flow Default)
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MoHr 7115 . MaoHr: 7715 . Mo/Hr: Heating Design Cooling  Heating
Outside Air- OADBIWB/HR: 86/71/95 : OADB: 86 : OADB: 5 SADB 550 3158
H ; Ra Plenum 753 664
Space Plenum Net Percenti Space Pemem} Space Peak Coil Peak Percent | | Return 753 B84
Sens.+Lat.  Sens. +Lat Total Of Total ! Sensible Of Total | Space Sens Tot Sens  Of Total | [ RetOA 7856 249
Btuih Biuh Btuh (%) Btwh ) Biuh Btuh (%) | | En mtrTD 00 0o
Envelope Loads Envelope Loads Fn BIGTD 00 0.0
Shylite Solar 0 0 0 [} 0 0 Shylite Solar 0 0 000 ||FnFrict 00 00
Skylits Cond i 1] 0 o 0 0 Skyite Cond 0 0 000
Roof Cond 0 3893 3,993 2 0 0 RoofCond 0 1325 263
Glass Solar 0 i} 0 0 o 0  Glass Solar o 0 0.00 AIRFLOWS
Glass/Door Cand 0 0 0 0! 0 0! " GlassDoor Cond 0 0 000 . .
wall Cond 808 312 1117 1 806 1! Wall Cond 5,402 7,509 1.43 Gooling,, | Hexting
riition/Dioor i i o [ 0! Parton/Door 0 0 000 | |Diffuser Al 1eia
Floor 0 0 o 0 0! Floor 0 0 000 || Terminal 204 1513
Adjacent Floor 0 0 0 0 0 0!  Adacent Floor 0 0 0 | [ Main Fan 5,043 1513
Infiltration 96,421 96,421 53; 65,707 §1; Infiltration -388,270 388270 7697 ||SecFan 0 o
Sub Total ==> 97,226 4305 101,531 56 66,513 62 Sub Total == -393,672 <0303 8109 | | Nom Vent 1,562 1,038
: : AHU Vent 1,562 1,038
Internal Loads : Aatemallsans; Infil 5506 559
Lights 22009 o 22,099 12! 22099 21 Lights 0 0 0.00 | | MinStopiRh 1,513 1513
People 31654 0 31,854 18: 17,360 16 Peopie 0 0 000 ||Return 10,639 7.109
Misc 1024 0 1,024 1 1,024 1! Misc 0 0 000 ||Exhaust 7,158 6,635
Sub Total === S4FTT o 54777 30 40483 || Sub Total==> o 0 0.00 | |Rm Exh 0 a
f Auxiliary 0 1]
Ceiling Load 847 -647 [1] 0: 64T 1 Ceiling Load 3,215 0.00 | [ Leakage Dwn 0 [1]
Ventilation Load [} o 26,904 15; o 0 Ventilation Load o} -72035 1428 | | Leakage Ups 0 0
Adj Air Trans Heat o 0 o [} 0 Adj Air Trans Heat 0 0 0
Dehumid. Ov Sizing 0 o OviUndr Sizing 0 0 000
Ov/Undr Sizing i 0 0 0 0} Exhaust Heat 11338 225 ENGINEERING CKS
Exhaust Heat 2461 2,461 -1t | OA Preheat Diff, 27926 554
Sup. Fan Heat o I'H | RA Preheat Diff. 6,786 1.35 Cooling  Heating
Ret. Fan Heat 1] 0 0! ! Additional Reheat 0 000||%0A 310 686
Duct Heat Pkup [1] [1] 0! ' cfm/iftt 0.80 D24
Underfir Sup Ht Pkup ] o ! Underfir Sup Ht Pkup 0 0.00 | [ cfmiton 33478
Supply Air Leakage [1} 1] o} ! Supply Air Leakage 0 0.00 | | #uton 42071
b i Btuhr-ft* 2852 7960
Grand Total == 152,650 1,197 180,751 100.00" 107,643 100.00 ' Grand Total === -396,887 504,445 100.00 | | No. Peaple 81
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity ~ Sens Cap. Coil Aiflow  Enter DBWE/HR Leave DE/WB/HR| Gross Total Glass Capacity Coil Airflow  Ent  Lug|
ton MBh MBh om °F  °F gib F F  gfb L) MBh %
Main 15.1 180 1272 5043 786 678 896 550 550 674 | Floor 6337 Main Hig 4211 1513 550 3158
Aux Clg 0.0 0o 0.0 0 D0 00 0.0 00 00 00|| Part 0 Aux Hig 00 0 00 00
Opt Vent 0.0 ] 0.0 0 D0 00 0.0 00 00 00| mtDoor 0 Preheat 833 1562 50 550
ExFir 0 Reheat 242 1,513 550 700
Total 15.1 1808 Roof 5337 0 0 | [Humidif 0.0 o 00 00
wall 1,680 0 0 | |opt vent 0.0 0 00 00
Ext Door o 0 0 | [rota 5044
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System Checksums

By ACADEMIC
DOAS_1 Water Source Heat Pump
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MofHr 7115 Mo/Hr: Sum of Mo/Hr: Heating Design Cooling  Heating
Outside Air: OADB/WBIHR: 86/71/85 OADB: Peaks OADB: 5 SADB 57.1 1204
; : Ra Plenum 753 9.1
Space Plenum Net Percent Space Percent Space Peak Coil Peak Percent | | Return 75.3 69.1
Sens.+lat  Sens.+lat Total Of Total ! Sensible Of Total ! Space Sens Tot Sens Of Total | | Ret/OA 765 566
Btuh Biuh Btuh %) ) Btuh Btuh (%) | | Fn MErTD 01 00
Envelope Loads Envelope Loads Fn BIATD 01 00
Skylite Solar 0 [} 0 [} 0 0 Shkyite 0 1] 0.00 | | Fn Frict 03 0o
Skylite Cond 1) 0 0 [} [} 0 Skyiite Cond 0 a 0.00
Roof Cond 0 25,878 25,878 2 0 0 Reof Cond 0 86533 254
Glass Solar 86,095 0 86,095 6 86,095 9 | Glass Solar 0 0 000 AIRFLOWS
Glass/Door Cond 5650 0 5,650 0 5650 1 " Glasy/Door Cond 56,630 56630 166 e
Wall Cond 2,964 1,838 4,802 0! 2,964 0! Wall Cond 22,439 35844 105
Partition/Door 0 [ o 0 0! Parfition/Door [ 0 000 ||Diffuser s g v
Floor 0 0 0 0 0! Fioor 0 0 0.00 || Terminal 48856 49956
Adjacent Floor i i 0 0 0 0! Adgacent Floor 0 0 0 | |Main Fan 49956 49,956
Infiltration 607,495 607,495 38, 439,290 46 Infiliration -2,995,608 -2,585,806  T76.28 | | Sec Fan 0 [}
Sub Total ==> 702,204 27,718 729,920 47! 533999 56 Sub Tofal==> -2 874,877 81.54 || Nom Vent 16,686 16,686
: : AHU Vent 16686 16,686
Internal Loads ! + InternaliLoads Infil 37415 37415
Lights 138,242 [1] 138,242 9. 138,242 140 Lights i} 1] 0.00 | | MinStop/Rh 0
People 495245 1] 495,245 32 261,345 27!  People 0 0 0.00||Return 87,371 57371
Misc 17.808 a 17,808 1! 17,808 2} _Misc 0 0 000 ||Exhaust 54100 54,100
Sub Total == 651,298 o 651,296 42 417,396 44 | Sub Total 0 0 000 ||Rm Exh o o
1 Auxiliary 0 [1]
g Load 3384 -3,384 1] 0, 3384 0 Ceiling Load -12,202 Q 0.00 | | Leakage Dwn [} L]
Ventilation Load o o 151,526 10! 0 0 Ventilation Load 0 682540 2006 || Leakage Ups 0 0
Adj Air Trans Heat o ] [1] o 0 Adj Air Trans Heat 0 a o
Dehumid. Ow Sizing i) o Ovilndr Sizing 0 a 0.00
OviUndr Sizing 0 ] 0; 0 0} Exhaust Heat 54326 160 ENGINEERING CKS
Exhaust Heat -15,088 -15,088 1! ! OA Preheat Diff 0 000
Sup. Fan Heat 25,164 s ! RA Preheat Diff. 0 000 Cooling  Heating
Ret. Fan Heat 1 1 [ | Additional Reheat 0 000||%O0A 334 334
Duct Heat Pkup (1] 0 o 4 ofmiftt 122 12
Underfir Sup Ht Pkup 0 0. | Underfir Sup Ht Pkup a 0.00 | | cfmiton 388.55
Supply Air Leakage [1] (1] 0! ! Supply Air Leakage [i} 0.00 | | fetton 31838
| | Btuhr-ft* 3789 8313
Grand Total ==> 1,356,884 9267 1542841 10000' 954778 100.00' Grand Total ==> 2,687,079 3403028 100.00 | | Mo. People 4,979
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity ~ Sens Cap. CoilAirflow  Enter DB/WB/HR Leave DBIWBIHR] Gross Total Glass Capacity CoilAiflow  Ent Lvg
ton MBh MBh cm F °F  gib FCF gib L) MBh cm  F CF|
Main Clg 1286 1,5428 1,082.1 49958 767 648 770 568 546 628| | Fioor 40,934 Main Htg 34030 43956 66 1204
Aux Clg 0.0 0o 00 0 00 00 0o 00 00 00| Pan 0 Aux Hig 0.0 00 0o
Opt Vent 0.0 0o 0o 0 00 00 0o 00 00 00|| intDoor 0 Preneat 0.0 0 00 00
ExFlir (1]
Total 1286 15428 Roof 40,934 0 0 | [Humidif 00 0 00 00
Wall 10948 2,942 27 | |opt Vent 0.0 0 00 0.0
Ext Door. 0 0 0 | |Total -3403.0
System Checksums
By ACADEMIC
DOAS 2 Water Source Heat Pump
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MofHr 7115 Mo/Hr: Sum of MaiHr: Heating Design Cooling  Heafing
Outside Air: OADBWB/MHR: 86/71/95 OADB: Peaks OADB: S SADB 56.5 Ha.s
H | Ra Plenum 753 6.1
Space Plenum Met Percent ! Space Percent | Space Peak Coil Peak Percent | | Return 753 891
Sens.+Lat  Sens. +Llat Total Of Total } Sensible Of Total | Space Sens Tot Sens Of Total | [ RetOA 766 559
Btuh Buh Btuh (%) Btwh %) Btuh (%) || Fn MtrTD 01 00
Envelope Loads Envelope Loads Fn BIATD 01 00
Skylite Solar 0 0 0 0 0 0 Skyiite Solar 0 0 000 ||FnFrict 03 00
Skylite Cond 0 0 i o 0 0 Skyite Cond 0 0 000
Roof Cond 0 30,262 30,262 1 [ 0 RoofCond o 01171 239
(Glass Solar 122936 0 122,93 & 122936 10 | Glass Solar 0 0 00 AIRFLOWS
GlassfDoor 8959 ] 8,959 0 8959 1. " Glass/Door Cond ,807 -89,807 212 Cooling  Heating
Wall Cond 4,752 2974 77% 0; 4752 0; Wal Cond -33,363 -4,133 128 -
Pariiti r 0 [ o 0 0! Pariton/Door 0 0 000 | |Diffuser oo an
Floor i 0 [ 0 0! Floor 0 0 000 ||Terminal 62343 62343
Adjacent Floor 0 0 0 o 0 0!  Adacent Floor 0 0 0 | [ Main Fan 62343 2343
Infiltration 753,386 753,388 375 534,358 43 ‘ Infiltration -3,157,573 -3,157,573 7459 || Sec Fan ] o
Sub Total 890,033 33,236 923270 45! 671,006 54  Sub Tolal ==> -3.280,742 402683 80.38 | [ Nom Vent 2346 22346
AHU Vent 22346 22346
Internal Loads ' 1 Internal Loads Infil 45512 45512
Lights 171,781 0 171,781 & 171,781 14! Lights 0 0 000 ||Minstopirn 0 0
People 883210 0 688,210 34 362,381 29 People 0 1] 0.00 | [Return 107,855 107,855
Misc 25,150 0 25,180 1: 25,180 2 Misc 0 0 0.00 | [ Exhaust 67,857 67,857
Sub Total === 885471 i 885,171 44 559322 45! | Sub Total o 0 000 ||RmExh o o
i Auxiliary 0 0
Ceiling Load 3868 [1] 0; 3868 0 Ceiling Load -14,192 0.00 | [ Leakage Dwn 0 o
Ventilation Load (i) 206,804 10: o 0 Ventilation Load 1] -898,148  21.22 | | Leakage Ups 0 o
Adj Air Trans Heat o 0 o a 0 Adj Air Trans Heat 0 0 0
Dehumid. Ov Sizing 0 OviUndr Sizing 0 0.00
OvlUndr Sizing 0 0 0 0} Exhaust Heat 87792 -160 ENGINEERING CKS
Exhaust Heat -18,476 -1B,476 | OA Preheat Diff 0 000
Sup. Fan Heat 31,403 | RA Preheat Diff. 0 0.00 Cooling Heating
Ret. Fan Heat 1 1 | Additional Reheat 0 000|[%o0A 353 358
Duct Heat Pkup a ] H cfm/it* 1.30 130
Underfir Sup Ht Pkup [} ! Underfir Sup Ht Pkup 0 0.00 | [ efmiton 368.86
Supply Air Leakage 0 0 :  Supply Air Leakage 0 000 ||#¥ton 283.14
H i Btu/hr-it 4238 8846
Grand Total =—> 1,779,072 10,883  2,028172  100.00° 1,234,195 10000 Grand Total =—> -3,204,334 4233040 100.00 || No. People 4,902
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity ~ Sens Cap. CoilAiflow  Enter DBIWE/HR Leave DI Gross Total Glass Capacity Coil Airflow  Ent  Lvg|
ton MBh MBh cfm b T grilly *F °F grfib (%) MBh cfm °f °F|
Main Clg 1690 20282 13741 62343 768 650 776 561 542 622 | Floor 47,855 Main Hig 42330 62,343 559 119.5]
Aux Clg 0.0 0.0 0.0 0 oo 0.0 0.0 00 00 0.0 Part (1] Aux Hig 0.0 o 00 0.0
Opt Vent 00 00 0.0 0 00 00 00 00 00 00|| ntDoor 0 Preneat 00 0 00 00
ExFir 0
Total 1690 20282 Roof 47,855 0 0 | [Humidif 00 0 00 00
wall 16,758 4665 28 | |optvent 00 0 00 00
Ext Door 1] 0 0| |rotal 42330
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