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'Executive Summary

The following report contains a detailed analysis of the existing
mechanical systems for University Ridge at East Stroudsburg
University. The main design objectives of the project were to provide
a comfortable living environment while still meeting energy and
ventilation requirements. These requirements had to be dealt with
while also trying to meet a strict budget.

The systems major components are the gas and hot water fired duct
furnace air handling units. Each of these units also had a dedicated
condensing unit for the cooling side. These systems were designed
using ASHRAE 90.1 and 62.1 which gave the required maximum
energy use and minimum ventilation to maintain occupancy comfort.
These design loads obtained from previous Technical Reports were
then compared to design information.

Information on the equipment was gathered and put into schedules.
The equipment was also analyzed and summarized in schematic
drawings. Also, the operation of the system was analyzed and
described.

The overall system is also critiqued for University Ridge. It was found
that the system has some room for improvement due to cost and time
restraints of construction. Long term savings is one area that may
contain potential savings but will need further analysis to be
determined.
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Design Objectives and Requirements

The main objective for University Ridge at East Stroudsburg University
is to supply conditioned air to maintain a comfortable living
environment. Outdoor air requirements were specified based on
ASHRAE 62.1-2001 and energy standards based on ASHRAE 90.1-
2001. These conditioned spaces consist of individual apartment units
and a commons unit made up of spaces of various uses.

The primary factor contributing to the design of the mechanical system
was simplicity. The overall design in turn results in a less costly, easily
maintained, and easily installed system. Also, each individual
apartment was to have control over its thermal comfort. Moreover,
operable windows were utilized for outdoor air ventilation which
reduces the operating cost of the system due to the decreased energy
required to condition outside air.

'Energy Sources and Rates

The energy supplied to University Ridge is made up of natural gas and
electricity. Natural gas is supplied to the complex by PP&L while
electricity is supplied by Met-Ed. These utility rates can be viewed in
Appendix A which is a bill from July, 2006. The buildings are heated
using hot water duct furnaces where the hot water is provided from an
adjacent natural gas fired domestic hot water heater or gas fired duct
furnaces. Cooling is provided by individual split system condensing
units which are electrically run.
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Cost and Site Factors

The only cost factors that seriously affected the design of the
mechanical systems were the design objectives and requirements as
stated previously. As mentioned above, the cost of the system was to
be held to a minimum and resulted in a system with a low first cost
per the owner’s request. Also, there were no utility rebates or on-
peak demand charges that influenced the design of the system.

During the design of the complex, the site had little effect on the
design of the buildings. The only part of the system affected was the
placement of the condensing units as they were requested to be kept
out of view as much as possible.

“Outdoor and Indoor Design Conditions

The outdoor design conditions were determined from the use of
Trane’s Trace 700 load design program which in turn is taken from
ASHRAE Fundamentals. The inside temperature requirements are
based on ASHRAE comfort levels and are the usual rule of thumb to
maintain comfort. Table 1 shows the design data as stated by the
designer.

Table 1
HVAC Design Data
Summer Winter

Design Area Outside Inside | Outside Inside

DBT WBT DBT DBT DBT

CF) CF) CF) CF) CF)

Apartments/Community Bldg. 90 73 72 10 68

Crawl Space/Pump House 90 73 90 10 50

Stairwells, commons, and corridors between apartment units are
heated only for freeze protection. Also, the crawlspaces are ventilated
continuously and heated for freeze protection.

The design relative humidity was assumed to be 50% which was then
entered into the calculation of the space loads in Trace 700.
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Design Ventilation Requirements

As stated previously all spaces except for the commons area are
ventilated through the use of operable windows. Table 2 shows the
comparison of design outdoor air to the estimated outdoor air from

Technical Assignment 1.

Table 2
Unit Design Estimated
Space Ta Outdoor Outdoor
9 | Air(cfm) | Air (cfm)
Typical Apartment DF-1 0** 65
TV/Game Room DF-2 150 292
Fithes Room/Cyber DE-3 260 115
Lounge
Office/Conference Area DF-4 300 207

**A value of zero is required due to the use of operable windows for
natural ventilation. The required free areas required were checked
and all passed the ASHRAE 62.1 requirements.

Design Heating and Cooling Loads

Due to time and financial constraints, the designer limited the
modeling of the spaces to typical values. In technical assignment 2, a
more in depth approach was taken that analyzed every space and only
resulted in little variation to the actual design. Table 4 shows the
design heating and cooling loads as determined by GPIl Engineers.
Appendix A contains the estimated heating and cooling loads as
determined in Technical Assignment 2. These loads utilized floor
multipliers to achieve the given results. Both of these results were
obtained using Trace 700.

Table 3
Design Cooling and Heating Loads
Total Cooling Load Total Heating Capacity

Space (Tons) (MBh)
Game/TV 3.0 13.2
Gym/Lounge 2.6 13.3
Offices 3.4 23.8
Northeast Apartment 1.6 5.6
Northeast Top
Apartment 1.7 5.7
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Northwest Apartment 1.7 5.6
Northwest Top

Apartment 1.8 5.6
Southeast Apartment 2.3 5.6
Southeast Top

Apartment 2.2 5.6
Southwest Apartment 2.3 5.6
Southwest Top

Apartment 2.2 5.6
Typical Stairwell - 7.3

‘Annual Energy Use

The annual energy use was not calculated by GPI Engineers and
therefore is not given. Trace 700 was used to calculate the energy
used by University Ridge. The simulation found that the buildings will
use about 198,852 kBTU/yr. Appendix C contains the energy use
summary as obtained from Trace 700.
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~Schematic Drawings

Figure 1: Domestic Hot Water and Duct Furnace Flow Diagram
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Figure 2: Apartment Duct Furnace Schematic
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PENNSTATE
&

Figure 3: Commons Space Schematic
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~Summary of Equipment

The following is a list of major system components based on design
data. Equipment data can be found in Appendix D

Duct Furnaces: University Ridge contains 153 apartment units with a
dedicated duct furnace air handling unit for each of the units. These
units are purely re-circulatory. Heating capacity is supplied by hot
water coils with hot water supply from the domestic water heaters.
Cooling comes from individual condensing units for greater control.
The duct furnace air handlers for the commons area are individually
gas fired and are cooled in the same was as the apartments.

Domestic Water Heaters: The water heaters that supply domestic hot
water and hot water for the duct furnaces fired by natural gas and are
sized according to the National Plumbing Code with adjustments for
the HVAC demand. All other water heaters are electrically heated for
spaces such as public bathrooms and mechanical rooms.

-11 -
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. System Operation

The following describes the basic operation of the mechanical systems.

Hot Water Duct Furnaces: The air handling duct furnaces are
controlled by analog thermostats located in the occupied spaces.
When in heating mode the thermostat cycles the fan, opens the hot
water isolation valve, and cycles the integral hot water circulating
pump in sequence to maintain the space temperature set-point. The
fan stops and the hot water isolation valve closes when the integral
hot water circulating pump is off. When in cooling mode the
thermostat cycles the fan and the associated condensing unit in
sequence to maintain the required space temperature set-point. The
fan shall stop when the condensing unit is off. When the fan is
enabled at the thermostat, it runs constantly.

Gas Fired Duct Furnaces: The gas fired duct furnaces are controlled in
the same way as the hot water duct furnace except for the following.
When called for heating, the gas fired burner is enabled instead of the
hot water section. If the space temperature drops below 40°F a signal
is sent to an alarm panel.

Exhaust Fans: Exhaust fans are controlled intermittently by a wall
switch by the occupants.

Operating History

Although University Ridge has been constructed for over a year, the
system operating history is not available.

-12 -
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_Critique of System
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Appendix A: Energy BIll
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‘Appendix B: Heating and Cooling Loads

Load | Airflow Summary

By ae
Coll Coll Spaca WAN Kain Col Healing
Floar Caolng Coolng Dieslgn Alr Minimum Healing Fan Percent ASHRAE
Area Peopla Sensibk Total Max SA Changes =2 Sansibke Max S8 QA 62-E9
Description ™ i = Btum Biumn cfm achfir cfm Btum cfm Clg HIg O fraction

Biag 1 - NE Aparments RmiZn Taot 2,745 120 50,624 56,126 2,349 E.S6 o -13072 2,649 oo 0.0

Bidg 1 - SE Apariment RmiZn Tat 2,745 120 50,630 55,982 2339 E.53 1] -13.072 2,639 0.0 a.o

Bidg 1 - S\W Apartment RmiZn Tot 1,630 a0 41,704 45,048 2,469 E.52 1] -9.342 2489 0.0 0.0

Bidg 1 - NW Aparimanis RmiZn Tat 1,630 6.0 41,114 44,458 2437 E.358 1] -9.3432 2427 0.0 oo

Bidg 1 - 2nd SW Apt RmiZn Taot TiG 3.0 20,051 21,330 1,225 098 o -4.892 1,226 oo 0.0

Bidg 1 - 2nd N Apt RmiZn Tat TG 20 18,519 20,659 1,213 keh | 1] -5.142 1,218 0.0 a.o

Bidg 2 - ME Apt RmiZn Tot 3,572 16.0 42,887 50,313 2,005 3T 1] -15,175 2,096 0.0 0.0

Bidg 2 - SE Apt RmiZn Tat 2,679 120 53,020 35,447 3412 E.04 1] -11,840 3412 0.0 a.o

Blag 2 - S\W Apt RmiZn Taot 2,679 120 50,341 52,789 3,216 758 o -9,196 3,216 oo 0.0

Bidg 2 - MW Apt RmiZn Tat 3,572 16.0 39,795 47,322 1,904 353 1] -11,643 1,994 0.0 a.o

Blag 2 - MW Apt RmiZn Taot 3,572 15.0 43,27 S5E,882 2,502 458 o -15.175 2,532 oo 0.0

Bidg 2 - ME Apt RmiZn Tot 3,572 16.0 39,724 1,863 334 1] -11,643 1,588 oo a.o

Blag 2 - SE Apt RmiZn Taot 2,679 120 50,923 3,289 TE8 1] -9,196 3,289 oo 0.0

Bidg 3 - S\W Apt RmiZn Tot 2,679 120 53,186 3,433 E.OT o -11,840 3423 0.0 0.0

Bidg € - MW Apt RmiZn Taot 2,679 120 areiz 1.963 469 1] -11.840 1.888 oo 0.0

Bldg 5 - ME Apt RmiZn Tot 2,679 120 30,326 1,449 342 1] -9,195 1,449 oo a.o

Blag £ - SE Apt RmiZn Taot 3,572 15.0 &7.691 4,320 TE6 o -11,643 4,320 oo 0.0

Bldg S - S\W Apt RmiZn Tot 3,572 15.0 0,538 4,533 E.02 1] -15,175 4,538 0.0 0.0

BiIg € - NE Apt RmiZn Taot 2,679 120 32,586 1.5%99 3IT o -11.840 1.539 oo 0.0

Bldg & - SE Apl RmiZn Tot 3,572 16.0 70,487 4,534 E.02 1] -15.175 4534 oo a.o

Bldg & - SW Apt RmiZn Tat 3,572 16.0 66,916 4773 T7.56 1] -11,643 4273 0.0 a.o

Bldg & - MW Apt RmiZn Tot 2,679 120 30,379 1,533 363 o -9,195 1,538 0.0 0.0

BiIg 7 - MW Apt RmiZn Taot 2,679 120 areiz 1.963 469 1] -11.840 1.888 oo 0.0

BIIg 7 - NE Apt RmiZn Tot 2,679 120 30,326 1,449 342 o -9,195 1,449 0.0 0.0

Bldg 7 - SE Apt RmiZn Tat 3,572 16.0 67,691 4,330 TE6 1] -11,643 4,330 0.0 a.o

Bidg 7 - S\W Apt RmiZn Tot 3,572 15.0 0,538 4,533 E.02 1] -15,175 4,538 0.0 0.0

Bidg 8 - ME Apt RmiZn Tat 2,679 120 32,586 1,559 aar 1] -11,840 1,539 0.0 a.o

Biag 8 - SE Apt RmiZn Tot 3,572 16.0 70,487 4,534 E.02 1] -15175 4534 0.0 0.0

Bidg 8 - SW Apt RmiZn Tat 3,572 16.0 66,916 4773 T7.56 1] -11,643 4273 0.0 a.o

Bldg 3 - MW Apt RmiZn Tot 2,679 120 30,379 36,025 1,533 363 1] -9,195 1,538 0.0 0.0

Bidg 9 - MW Apt RmiZn Tat 2,679 120 37.612 42,570 1,963 469 o -11,840 1,988 0.0 a.o
* This raport doas not dizplay heating only syetems.
Projact Mame: Universky Fidge ai Eas! Stroudgsburg TRACES 700 v4.1 calculated a 11:54 AM on 10272006
CatazetMame: COHCOSTRACETOIPjeCE ESU-AQUATHERMTRG Allermative - 1 LoadvAlmow Summany report page 1
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Load / Airflow Summary

By ae
Call Call Space WAV Kaln Col Healing
Floar Caoolng Coalng Deslgn Alr Minimiurm Healing Fan Percent AZHRAS
Area Pegpile Senslbls Tatal hax 34 changes = S2nsible Mam 34 QA a2-g9
Dizseription ™ i = Bium Biumn cfm achir cim Biuh cfm Clg HIg & fraction
Bkg 3 - ME Apt RmiZn Tat 2,679 12.0 30,326 35,972 1,243 242 o -8,196 1449 oo a.o
Big 3 - SE Apt RmiZn Taot 3572 16.0 67,631 70,928 4,330 786 ] -11.643 4,330 oo 0o
Bldg 3 - SW Apt RmiZn Tat 3572 16.0 0,538 73,71 4,538 Eo2 o -15,175 4,538 0.0 a.o
Bldg 10 - NE Apt RmiZn Tat 2679 12.o 32,586 38,170 1,589 a7 o -11,840 1589 oo 0.0
Blig 10 - 5E Apt RmaZn Tat 3572 165.0 70,487 73,724 4,534 B0z o -15,175 4534 o.o 0.0
Bldg 10 - W Apt RmiZn Tat 3572 16.0 68,916 70,152 4,273 TEE o -11,843 4273 oo 0.0
Bidg 10 - KWW Apl RmaZn Tat 2,679 120 30,379 36,025 1,535 3 o -8,196 1,538 o.o 0.0
Blg 4 - ME Apt RmiZn Tat 2,679 12.0 32,586 38,170 1,589 97 o -11,840 1,509 0.0 a.o
Big4 - SE Apt RmiZn Tt 2,679 120 53,020 55447 3412 B4 ] -11.840 3412 oo 0o
Bldg 4 - MW Apt RmiZn Tat 2,679 12.0 37,612 42,570 1,968 4,69 o -11,840 1,088 0.0 a.o
Big 4 - SW Apt RmiZn Taot 2679 120 53,166 55,590 3423 B.OT ] -11.840 3423 oo 0o
Tarminal ARG SYE TotAwe 121434 S41.00 1,998,987 2 177,236 118,073 -4835,108 118,078 0.0 a.o
Tarminal AfC SyE Biock 121,434 S41.0 1670815 1823345 118.078 -485 108 118,078 o.o 0.0
Blg 1 - GameTV RmaZn Tat 1,123 0.0 18,71 23,012 1,225 £.89 o -11,225 1,225 12.2 12.2
Big 1 - CfMcedRecapiion RmiZn Tat 23 4.0 E, 760 8,724 3 T8 o -5,137 328 18.2 13.3
Blg 1 - Group Mesfing RmaZn Tat 633 8.0 9,966 13,677 444 443 o -7.650 444 27 7.0
Big 1 - Confenence RmiZn Tat 175 8.0 4,787 7.0 ] 485 o -T.650 129 231 B34
Bidg 1 - CfMce - COOS RmiZn Tt 281 3 2,534 3,549 3] 1492 ] -2,869 86 326 526
Blg 1 - Flle/Closst RmiZn Tat 145 0.0 533 553 43 215 o 67T 49 oo a.o
Big 1 - Cyber Lounge RmiZn Tt k] .o 12,273 14,950 1.225 1185 o -0,563 1,225 122 12.2
Blg 1 - Comidor’Sathroom RmiEn Tl 280 oo az6 1,225 2TE3 o 0 1,225 0.0 a.o
Bidg 1 - Fliness RmiZn Tat 212 4.0 4,532 1,235 3649 o -6.057 1225 T.B 7.8
Commaons SYE TolAve 3,783 47.0 7,620 5,935 -50,828 5,935 12.5 12.5
Commons SyE Block 3,783 47.0 58,637 73,618 5935 47,178 5035 125 12.5

* Thia raport doss not display heating only systems.

TRACEE 70D w41 calculated a1 11:52 AM on 1042712006
Alermative - 1 Load/Alfiow Summary repart page 2

Praject Name:
Dataset Mame:

Universiy Ridge at East Stroutsburg
CHCOSTRACETOIProjects\ S5 U-AQUATHERMTRE

-18 -
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Appendix C: Energy Use

MONTHLY ENERGY CONSUMPTION

By ae
Altermativa: 1 University Ridge
——- Manthly Energy Cansumption  --—--—
Lkility Jan Feb Mar Apr May June July Aug Sept Ot Mow Dec Total
Elzctric
Cn-Pk Cons. (KW 61,646 55,288 T2 480 69,062 82,871 85462 34 584 94,726 78,751 77.104 69,513 60,591 EA5.507
Of-Pk Cons. (KW 83482 75,260 79,528 83.862 89,152 88,251 103,611 31,561 91,389 84,425 80,873 86,920 1,043,321
Cn-2k Demand (KW) 322 an 345 335 ard Ja0 335 Jad 385 33 347 346 398
-2k Demand (KW) 346 346 an 366 353 365 315 366 358 352 358 386 375
Gas
On-P& Cons. (thems) 64 50 20 0 | 0 0 0 4 10 A0 201
Of-P& Cons. (Thems) 2B 2B 14 1 0 | 0 0 0 | 3 18 =]
On-Pk Demand (Ehermshr) 3 1 0 0 0 0 0 0 0 0 0 0 3
CS-Pk Demand (thermshr) 3 1 0 0 0 0 0 0 0 0 0 1 3
Building Energy Consumption = 51.711 Btuift2-year)
Source Energy Consumption = 184,802 Btw/(ft2-year)
Floor Arsa = 128,547 fi2
Praject Kame: University Ridge at East Stroudsburg TRACES 70D w£.1 calculated at 11:5£ AM on 102712006
Cataset Mame:  CHMEDSTTRACETOIMProjectslESU-AQUATHERM.TRG ARemnathve - 1 Monthly Energy Consumplion report page 1
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ENERGY CONSUMPTION SUMMARY

By ae
Elzct 335 Pencent Total Source
Cons. Cons. of Todal Enengy”
[&Wh) [Terms) Engrgy (KBiuiyr)
Frimary heating
Primary heating ,003.1 200.3 0.8 % &30.9
Primary coaling
Cooling Comprassar 33707 6.1 % 32,063.E
Tower'Cond Fans £4,655.4 23 % 457248
Condzrsar Pump 00 % oo
Oner CLG Accessories 1,204.5 01 % 123.3
Cooling Subtotal... 358,031.5 34 % 36,764.8
Auziliary
Supply Fans 00 % 0.0
Circ Pumps 5,036.0 0.3 % 587
Basze Liiites 0.0 % 0.0
Aux Subtotal.. 5,036.0 0.3 % 587
Lighting
Lighting S583,035.8 23.9 % 57.655.0
Receptacle
Receplacles 1,005,7226 516 % 102.3685.2
Heating plant load
Basa LHiites 0.0 % oo
Cogeneration
Cogeneration 0.0 % oo
Totals
Tolais™ 1,938,269 200.3 100.0 % 196.852.7
" Motz Resource Usilzation factars are Incluged In the Total Source Enangy valug
** Mote: This report can display 3 masimum of 6 utiies. if addSonal ullliigs are wsad, they wil be Included In the total
Project Name:  Universiy Ridge 3t East Strougsburg TRACES 70D v4.1 calculated af 11:54 AM on 1042712006
Dataset Mame: CHOCDSTTRACETONProjects\ESU-AQUATHERM TRC Altematie - 1 Energy Consumplion Summary report page 1

-20 -



yA=I=

Matthew Carr AE 481W November 21, 2006

MONTHLY UTILITY COSTS

By ae
Altermnativa: 1
——— Monthly tilty Costs —
Utility Jan Feb Mar Agr May June July Aug Sept Ot Mow Dec Tota
Elsctric
On-Pi Cons. (§) 5965 5,350 7013 EGE2 E019 ESEs E1B4 BiES TEI3 TAE1 E7IE 5863 5,640
on-Pk Demand (3) 2,158 3181 2,413 3,4E7 3877 2,833 2918 2,872 3,782 2,481 2,405 3,400 42,544
Total (&) =R 3| ESMM 100428 10,163 11,685 12,431 12,102 12,038 11,408 100912 10,131 B2E2 123,133
Gas
on-F¥ Cons. [3) 257 246 9z 16 0 0 0 0 o 1B a7 132 861
Monthly Total {3k oars E74T  1OE1E 10187 11805 12431 12902 130338 19408 10930 I0ATE Ddd4s 130,054
Project Name:  Universiy Ridge a1 East Strougsburg

CatasatMame: CHCDSTRACET

004 roject=lESU-AQUATHERM.TRC

-21 -
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Appendix D

Duot Furnisses Eohadubs
Fan Saciicn 1 | 1 | 1 1
Bcsar C harnctariniicn Fewing Col Ssciian Cocding Call Seclicn
Enisrral Static A Talul CapmcEy . - Talul Capmciy | Nsfrigarani
T Aran Sarvad L Toind ZFW MmO HP L Prams T [ WD FTY EWT Fi | LWT W B ofl Dwam
- . TP . Pramucrs et TP [P} m L * japHy Typa - w
-1 ApwTrm Lfs |Gl THE] = [ e 118 1 ol Wale HLS 3 1.5 120 1] =l HOFL-D Faal O Wl Mel
D2 Germ Hoswrw' T’ oo |Fosy Kounied 1355 -] [l S Mk Do Fad (L) L] ) [ = HCFL-2 Sucinansk Fates
[ Cism i Laaf Mo W conitmd 1335 F1s] [ E ik D 2 i = hi's g ] HCFL-X2 G dnen &H Sade
[d 8 T o o] T 300 [ 1 Mk D Eli & = ' & [ HCFC=X2 G drn &H Sade
Condansing Unlt Sohsduis
Comaranac Candansss Farm |
Hzminal Mim=mom M= al Moaar A
T Uni Sarvsd M L= ez CFR FLA En Ph 1 ol D=
- " Capaciy {ionny|  BER - hpnchy B Fars | Wiaits - il [l i 56
L i 4] [T JEEE 1] 208 Lan =i RS0
Ll sl o g 2B 21.1 P, -] Lan=x bEAMIE
L~ i ] [T TRAD: 21.1 208 Lansx HEAMIIE
L4 LIF ) Ll BN a5 208 Lansos HSd
Fan Sohaduls
Fan Moiss
Biniic Praswus ‘dokm’
Tag Aran Sarvsd Trps Rirflow P nrFA [ ] LE e Phama Maral Mc<dal
EF.1 E.lﬂ-_.-n.:.- Lol e 30 ] = D 1251 1151 iy =k SIERED
[EF-2 | e SEnca Fogea b A1 [ TS Ball 12 HI SRS Do Sk SH-JHR-E
Watsr Heatar Sohaduls
Miaral Moddal Tatal o fap i (M) Meccvary Maim Souwrce
Laeiy-1o 0 FPE 150 = Dal - ] i H Coack
Al Hml® ELSE-10 [T - . Eleciic
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