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FROJECT BACKGROUND

X Baglor Couege of Medicine’s “strategic Plan” discusses the need for new research laboratorg space to
support various interdisciplinarg research program initiatives.

X8 C]oa]s of the stratcgic Plan is to expand current gacultg’s research programs and to recruit other toP
researchers, as well as to invest in tecl'mologg related to biomedical research.

* The Albert and Margaret Alkek Foundation donates $31.25 million dollars to fund biomedical research,
the largest sing]c donation in the co”ege’s historg.

*» Donation led to the newest research tower being constructed 53 called the Margaret M. Alkek building
for Diomedical Research.

X Builc{ing will support various research programs in cardiovascular sciences, diabetes and metabolic disease,
cancer, etc, etc. As well as allow for mental health and neurosciences research to be exPanc]ed.
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BUILDING INFORMATION

X Groundbreaking occurred on Septembcr 15, 2005%5.
* T otal Frojcct (Cost:$110 Million
% 8 Story - 175,000 2
X Researc!ﬁ Facilitg
X Frcﬂect T eam
2 Owner Rep -~ Flour Enterprises, Inc.
% Architect - | ord, Aeck & Sargcnt) Inc.
X CM = \/aughrs Construction
 MEF - Bard, Rao + Athanas Consulting [~ ngineers
X Structural - Walter F Moore
X Builc{ing Is being constructed on existing unclergrounc! transgenic mouse Facilitg
X Leve]s | & 2 consist of vivarium spaces (animal holding rooms, Procedure rooms, cagewash, etc.}
X Level 3 houses a majoritg of the bui]&ings’ mechanical equipment

X chels 4.8 are about a 35/65 sP]it between office spaces and genera] research laboratories
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CXISTINGMECHANICALSYST!

X chel % contains the air hanc”ing units that serve all the spaces on levels 1&2 and levels 4-8.
X Bag!or Co”ege of Medicine required redundancg in critical systems such as air hand]ing unts.
@ (4) 25,000 M air hand]ing units serve the vivarium on levels 1 and 2 with 100% outdoor air (System ).

* (2) 50,000 (M air hanc”ing units serve the laboratorg spaces on levels 4-8 with 100% outdoor air

<System Z).

% (2) 50,000 (M air hand]ing units serve the office side and a Portion of the !aboratory spaces on levels 4~
8. | hese units are 75% outdoor air (535tem 3).

X Sepcratc exhaust systems within the builc{ing for laboratorg spaces, vivarium SISEISE biological sa]cctg
cabinets, stainless steal wet exhaust for cagewash and toilet exhausts.

% Office side of levels 4-8 are the only spaces within the building that are returned.
y°p S
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CXISTINGMECHANICALSYSTEMS

* BCM's campus steam looP Providcs the }Duilcling with heating hot water througlﬁ 2 shell & tube heat
exchangers. The campus ]ooP also feeds » clean steam generators for humidification in the AFIU’S, domestic
hot water and bui!ding process steam (i.e. for the cagewash).
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CXISTINGMECHANICALSYSTEMS

BUILDING HEATING HOT WATER SYSTEM
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CXISTINGMECHANICALSYSTEMS

* BCMs campus chilled water looP Providcs the building with all the chilled water for the air handling units

as well as some process cooling.

BUILDING CHILLED WATER SYSTEM
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~ SIGN CONSIDERATIONS

4

X Major issues with laboratorg clcsigns

% |ndoor Air Qpality — Tgpical solution, use 100% outdoor air systems

X Energy Consumption

X Rcdundancg in (ritical Sgstcms

X Rcdesign Qpestions

¢ (_an active air c]uality monitoring in \/ivarium/LaBoratorg spaces

ensure indoor air c]ualitg while a”owing for energy savings through

recirculation?

e What type of energy recovery system Is most aPProPriatC for

laboratorg/vivarium air sgstems’?
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MECHANICALK]

—D

— SIGN

AIRSYSTEMREZONING

* Owners Design Narrative

X Laboratorg Spaces and Support to receive 100% outdoor air at a rate of 6 air changcs per hour

% Office spaces to be c}esigne& for 20 (_T"M of outdoor air per person

X Origina] Sgstem Design

¢ | aboratory and Office spaces on the same air system that supplies 75% outdoor air
Y P Y PP

X Laboratorg’s not receiving desired 100% outdoor air system

@ Office spaces bcing over-ventilated

X Rc&csign

* Put laboratorg spaces onto Sgstem 2 so that labs will receive desired 100% outdoor air

%2 Offices will not be over-ventilated

** No redundanc3 or HEFA filtration needed in 59stem % (5imp]er air han&!ing unit can be used)
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MECHANICAL REDESIGN

ENERGY RECOVERY SYSTEMSTUDY

* Four T ypes of [Cnergy Recovery Systems (Common to | aboratories,/\ivariums
*» Runaround | oop
* Heat Fipe
% Plate [T xchanger
< T otal [ nergy Wheel

% (ross-(_ontamination a major concern in se]ccting an energy recovery system

¢ | ocation of exhaust and outdoor air ductwork is a factor in determining which system is aPProEriate
other}

(runaround !oop can handle any Iength) where as total energy wheel theg must be acﬁacent to eac

% Heat Fipc, F]ate Exchanger and Tota] Energg wheel require 34 floor mechanical to be moved to 8th floor to

allow for outdoor and exhaust air streams to be near each other (still not ac]jacent though).
X8 Need to check if switching the %rd floor with the 8t flooris Possible, structura”g speaking.
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MECHANICAL REDESIGN

ENERGY RECOVERY SYSTEMSTUDY

X The research tower was modeled using RAM to check if the current structural sgstem could suPPort
switching the 374 and 8t floor loads.

L ¢
Jus’cin Mu”‘uo”an Margaret M. Alkek Bui]aing for Biomedica] Research

Senior Design Frcject — SPring 2006 Eaglor Co”ege of Medicine




MECHANICAL REDESIGN

ENERGY RECOVERY SYSTEMSTUDY

X Results from RAM showed that current structural system could suPPort switching the §ra floor with the 8th

floor.

X8 Tota] Energy Wheel, F]ate Exchanger and standard Hea’c FiPe require the air streams be acﬁacent to each
other. However, SP]ibCase r”leat FiPe could pump over a vertical of up to 50 feet.

* T otal Emergg Wheel and F]ate Exchangcr have Possibilitg of cross-contamination without going through an

elaborate set up process.

» Cost analgsis was set up for Runaround LOOP Vs. Split (ase Heat~FiPe Sys’cem (effectiveness of each

device is approximate]g the same).
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MECHANICAL REDESIGN

ENERGY RECOVERY SYSTEMSTUDY

X ]’c was found that the SplibCase f’]eat Fipe Sgstem was much more expensivc than a runaround looP. Also
there was extra costs involved with moving the 37 floor to the 8t floor.

X8 ]:inal recommendation is to leave the mechanical systems on the 37 floor and install a runaround looP.

Split Case Heat Pipe Installation Costs
Item Quantity Total Cost
Duct Wark 170 feat 19438
hilled Water Piping 200 feat 10,914
3032
5,850

Proc led Water 190 feet
Hot Water Piping 170 feet

125 feet
1 system
1 system

$
$
$
$
Steam Main Piging 85 feet 3 7,225
$
$
$
Total: $

Runaround Loop Installation Costs
Quantity Total Cost

6 coi : 18,738

6 : 18
180 feet : 4,465
180 feet : 7,505
Pump (Wivarium}) 1 pump : 3,893
Pump (Labk) 1 pump : 3,793
Glycol Ethylene 96 Gallons ¢ 1,114
Total: 58,245

* Pricing for all piping per linear foot was taken from original
estimat: e for the research tower
m estimated byRick Galie at Air
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MECHANICALK]

—D

— SIGN

DEMAND CONTROLLED VENTILATION

X Original idea was to monitor indoor air quality in Vivarium and Laboratorg system exhausts and return when

air was at acceptable levels.

* Vivarium would have to be monitored for mouse emissions and contaminants involved with Procedures.

X Laboratorg would have to be monitored based on experiments going on in each room.

X Mor\itoring indoor air quality in Vivarium and Laboratorg spaces would be a difficult task

X Laboratorﬂ spaces would have different expcrimen’cs going on in each space; multiple sensors for the

same cxhaust sgstem.

X Laborator sensors would have to be changed because research and experiments typically only last 5~
Y 2 P ypieaiy on'y

7 gears; SENsors WOU]d have to }36 changed and replaced ‘FOF each research set UP.

** Vivarium is an extremelﬂ critical space; failure of a sensor could ruin an entire research set up.

% 3rd and highergencrations of mice in an expcriment can be worth up to $600+ a Piece.

% Recommendation is to leave vivarium at the owner requcsted i5 air changes per hour. Laboratorﬂ space is

much less critical but due to the change nature of the spaces air quality monitoring would not be aPProPriate.
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MECHANICALK]

—D

— SIGN

4

DEMAND CONTROLLED VENTILATION

% The Concordia Universitg Science ComP]ex is a 1aborator9 builc{ing in Montreal that utilizes a set back

based OF{: OF OCCUP8HC9 SENsors.

X The laboratories were Aesigncd for 1o AC H but when the sensors show the building is unoccupied during
dag time hours the air Change rate droPs to 6, similarlg if the building is unoccuPicd at night hours the lab drops

to % air changcs.

X8 Occupancy sensors are installed in the laboratory spaces on levels 4-8 to control the lighting. A strategy

similar to what was described above could be utilized.

X Laboratoxy is designed for 6 AC I (owners request, less critical than (oncordia Urxiversitg), occupancy

sensors would set back to b ACH when unoccupiecl.

** Fume [Hood rooms would be changed from constant volume to variable volume. Phoenix Medium Pressure

Accel I Venturi Valves would be used as well as FPhoenix sash monitors to monitor sash Position and adjust valve

Position.
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MECHANICAL REDESIGN

DEMAND CONTROLLED VENTILATION

X COZ based demand controlled ventilation is the most PoPularmcorm of DCV.
** \Ventilation Rates found from ASHRAE_ Standard 62.1 chamge based on concentration of COZ
2 Why CO,2

X COZ generation is Propor‘cionate to odorous bioeffluents
X ASHRAE_ Stanc]arcl 62.1 attempts to control the levels of odorous bioeffluents

X s evels increase so does odorous bioettluents, thus more ventilation air is neede
% As CQO, level d d bioeffluents, th tilat ded

X APProPriate for spaces with variable occupancy such as office spaces on levels 4-8.

» Office S]Faces in the tower consist of Private offices, open offices, 2 meeting rooms, a conference room and a

break areéa ror each ]qOOY'.

% The meeting rooms, conference room and break area have high &esign occupancies but are tgpica”g not
occuPied most of the time. | hese areas would be aPProPriate areas to monitor COZ levels and adjust the
Ventilation rate accordinglg.

» Office air system will be set up for COZ based demand controlled ventilation.
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MECHANICAL REDESIGN

DEMAND CONTROLLED VENTILATION

o A COZ sensor will also be duct mounted in the outdoor air intake for the Office side’s air
hanc”ing unit. | his will give the ambient COz concentration.

X8 Thc conference room, break area and 2 mecting rooms on each floor will have wall mounted
sensors installed. T he sensorin the rooms and the ductwork will be Air T est chhnologics

model # T R9290.

@ [ achroomwill senda C(O2 signal back (in PPm) to the controller which will determine the Vou

level for each space and then add to the minimum value and calculate Vot for the entire system.
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MECHANICAL REDESIGN

DEMAND CONTROLLED VENTILATION

% [irst step is to do ASHRAL. Standard 62.1°s ventilation rate Proccdurc with each zone to be sensored

unoccuPicd to determine minimum amount of outdoor air rcquircd (\/Ot).

Standard 62.1 - Office DCV AHU CFM Design Occupancy

Level | | Room#'s | Box |Max| Min (ft'/person)

1 Lobby + Elevator Lobby R100,R1008 S2 1350 675 250

1 Corndor R1C1 840 1225 825 250
4-8 Meeting Room 51 950 475 25
4-8 Office (3) R402-R404 52 675 380 100
4-8 Interaction space/Elevator Lobby R400B,R4004 53,512 1250 B25 2350
4-8 Office (4) 54 1100 550 100
4-8 Conference Room R408 539 975 500 23

4-8 Corndor/Open Office Eé??Rdﬂ’R 6 672 330 150

4-8 Corndor/Open Cffice R4C6 s7 725 375 100
4-8 Office (3) R411-R413 825 425 100
4-8 Meeting Room R414 59 950 475 25
4-§ Offica (3) R415-R417 975 500 100
4-8 Men's Restroom/Women's Restroom R418 B419 325 325 ML
4-8 Interaction space/Break Area R422 R400C 1100 350 100

-

=
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66
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MECHANICAL REDESIGN

DEMAND CONTROLLED VENTILATION

X Tablcs were set up to find cquations for each space based on CO2 levels Vs. \/Ou values as

occuPancg gOCS UP

@ The {:o”owing cquation from the Standard 62.1 user manual to determine the C (2
concentrations as a function of occupancy (where mis the metabolic rate, m=1.2 for office work).

** T he conference room will be looked as a graPhical cxamPlc.

4
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MECHANICAL REDESIGN

DEMAND CONTROLLED VENTILATION

—~
£
“—
O
~
>
o
>

Vou = 9E-11(ppm)* - 4E-07(ppm)® + 0.0006(ppm)? - 0.4142(ppm) + 139.87

1000 1500 2000
CO2 Concentration (ppm)
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MECHANICAL REDESIGN

RECOMMENDATION

X Tranc’s TRACE 700 was used to put together an energy model for the research tower's base design and
. P 2 &Y g
the redesign.

¢ T he trace analysis for the research tower showed a 20.6% (Z 205,02 kWh) reduction in annual source
T g 205,025

energy Consumption.

o A cost ana]gsis was then set up for the addition of new equipment to implcment this design and to show what

the Pagback Period would be.

L, ¢
J_ustin Mu”‘uo”an . Margaret M. Alkek Bui]aing for Biomedica] Research
Senlor Desrgn Frcyect — Sprmg 2006 Eaglor Co”ege of Medicine




— CHANICAL REDESIGN

RECOMMENDATION

Cost / Unit Total Cost Source

: ( 200.00 18,000.00 Trane

202 Sensor (Duct) a. 200.00 80000 Trane
Lab AHL'S 170,000 CFM 5.80 535,000.00 Criginal Estimate
Vivarium AHU's S0,000 CFM 5.50 495,000.00 Original Estimate
Office AHU's 55,000 CFM 312 171,600.00 RS Means
Relays 200 Ea. G90.00 18,00000 RS Means
Return Fan (19.5K) 1 Ea. B.625.00 8,625.00 RS Means
Runaround Loop System
Laboratory Coils B Ea.
Vivarium G Ea.
Piping (2.57) LF
Piping (37) LF
Pump (Vivarium) Ea.
Pump (Lab) Ea
Glycol Ethylene

& &N &R R ER R 5

18,738.00 RS
18,738.00
4,465.00
750500 R
3,893.00

& Al &R B ER BB B8R R S

Equipment Quantity  Units Cost/Unit Total Cost Source
Lab AHL'S 100,000 CFM 580 550,000.00 OCriginal Estimate
Vivarium AHU's S0.000 550 495,000.00 Criginal Estimate
Office AHU's 100,000 C 580 550,000.00 Original Eslimate
Return Fan 2 a 7.50000 15,000.00 Criginal Estimate

Mew Equipment Cost:| ¢ 1,763,516.20
0ld Equipment Cost:] ! 1,610,000.00
Annual Energy Savings (KWh):
Energy Charge ($/kWh):] !
back Period (Years):
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MECHANICAL REDESIGN

RECOMMENDATION

X Tranc’s TRACE 700 was used to Put togethcr an energy model for the research tower’s base dcsign and
the redesign.

¢ T he trace analysis for the research tower showed a 20.6% (Z 205,02 kWh) reduction in annual source
T g 205,025

energy Consumption.

o A cost ana]gsis was then set up for the addition of new equipment to implcment this design and to show what
the Pagback Period would be.

¢ T he calculation shows a Pagback Period of approximatelg I year. Thisis very favorable and the redesign

suggestions would be very beneficial to implement.
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COSTIONS
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, SENSORCUT SH

Now W’th ThermlstorIRTD Gptlnn Spemflcatlons

perature sensors
rarure sensor o
the end of ﬁ’lE = i
options  inciud
nufactured fo
Tmnsn‘rﬂterRatEd Lifer 15 pea
Operafii
Storage Conditions: 40 {o

Perfarmance
Measurm:mt R.a-rlqe

Calibration: Self

Response Time: Tt =2 minutes (diffusion

Power

Input: 18-30WAC -50 hz (half-wave

Average Power i atts a

Ground: Must share common ground with control system

Outputs
Linear Analo "Ju!pu!.' 0 iz 10, 2-10 uT < 100 ohm
Mote: i

10

|- remowve front panel of transmitter to
= wiring terminals and mounting plate.
cable with 3-wire conne

Wall/Duct Probe Wiring In-Duct
Mount Wiring

Powser Input Signal Cuiput
O -+0-10V

Wehout Display TRO290 + A3 thermistor value to Madel Ho
WEh T2 Display TRSZSH-L | + Add thermistor value to Moded Ho
I Duct
‘Wiehout Display TROZS1 Mot Avallable
(Aspiraticen Duct Probie
Wehout Display TR9292 + A3 thermistor value to Madel Ho
WEh COg Displa TRIZHZ-L | + Add thermistor value to Mode Ho

Distributed By:
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MECHANICAL REDESIGN

DEMAND CONTROLLED VENTILATION

X Dcsign Standard 62.1 Ca]cu]ation

Standard 62.1 - Office DCV AHU CFM Design Occupancy

Level | | Room #'s Box | Max| Min (ft'/person)
1 Lobby + Flevator Lobby R100 R100B S2 1350 B/5 250
1 Corndor R1C1 540 1225 825 250
4-8 Meeting Hoom 51 950 475 25
4-8 Office (3) RANZ-R404 82 675 350 100
4-8 Interaction space/Elevator Lobby R400B,R4004 53,512 1250 625 250
4-8 Office (4) S84 1100 B&O 100
4-8 Conference Room R408 S5 975 500 25
4-8 Corndor/Open Office E.é??ﬂﬂlﬁ,ﬂ 86 675 350 180
4-8 Corndor/Open Office RACE s7 725 375 100
4-8 Office (3) R411-R413 825 425 100
4-8 Meeting Room R414 sS4 950 475 25
4-8 Office (3) R415-R417 975 500 100
4-8 Mean's Restroom/Women's Restroom R418 R419 325 325 MIA
4-8 Interaction space/Break Area R422 B400C 1100 550 100
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