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Executive Summary 

 

This report studies the proposed DOAS and Chilled Beams System for optimizing 

energy efficiency at Clemson University AMRL.  It also evaluates the lighting 

compliance and re-analyzes the lighting systems.  Along with computing 

calculations, there are initial cost break downs and yearly simulation data.  This 

reports intent is not to differentiate IDC’s design, but to illustrate other systems 

and their energy savings. 

 

A number of programs, references, and documents were used in this report to 

compute and compile information.  One of the programs used is Carrier’s Hourly 

Analysis Program (HAP).  This program was used to compute the yearly energy 

consumption of the AMRL.  The building’s existing Chilled Water VAV system’s 

yearly energy consumption is $8,738,251.   The proposed parallel system of 

DOAS with Active Chilled Beams had a yearly energy cost of $5,968,853.  With 

a $2.7 million decrease in yearly costs, this constitutes a 31 % reduction in energy 

consumption.  After running calculations, it is found that most of the building’s 

sensible loads are met by incorporating 788 active chilled beams in the building, 

with DOAS taking care of all the latent loads and a small fraction of sensible 

loads. Not only does this decrease yearly cost and size of AHU’s, but also 

drastically decreases environmental impact. 
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In accumulation to the depth analysis, breadth work was done in the lighting and 

construction options.  In the lighting breadth, over half of the spaces had an 

excess in wattage according to ASHRAE Standard 90.1-2004.  These areas of the 

building were re-designed to decrease wattage/sq. ft. while maintaining adequate 

lighting.  This allows a decrease in yearly energy consumption and it also lowers 

environmental impact. In the construction management area, I analyzed the initial 

costs of the current Chilled Water VAV System and compared it to the proposed 

DOAS with Active Chilled Beams.  It is approximated that a VAV system costs 

$12/scfm, whereas a DOAS with Chilled Radiant Colling Panels (CRCP) costs a 

mere $8/sq.ft.    The new proposed system will be more cost effective, costing 

$1.17/sq.ft less than the current system.  Other items analyzed are the impacts of 

schedule due to different systems and an increase in pumps and plumbing 

equipment. 
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Project Background 

 

Project Name:  Clemson University Advanced 
Materials Research Laboratory 
 
Location:  Anderson, SC 
 
Occupant:  Clemson University 
 
Size:  111,270 sq. ft. 
 
Number of Stories:  2 Above Grade 
 
Primary Project Team: 

 Owner:  Clemson University 
 
 Architecture Firm:  IDC Architects 
 

Persons To Be Credited:  John Henderson, 
Nathan Corser, Barbara Springer, Magda Gerencer,  
David Groseclose, Joe Simpkins, Tony Neal, Katrina Cobb 

  
 Contractor:  Manhattan Construction Company 
  
 Landscape Architect:  Arbor Engineering 
  
 Interior Designer:  IDC Architects 
 
 

 
 
 
 
 
Completion Date:  July 2004 
 
Cost Information:  $18.5 million 
 
Project Delivery Method:   

Design-Bid-Build 
 

 

 

*photos by Fred Martin 

Lobby at Clemson AMRL 

Laboratory at Clemson AMRL 
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Clemson University’s Advanced Materials Research Laboratory in Anderson, SC 

is the first LEED Silver certified facility in South Carolina and the only certified 

nanotechnology research lab in the United States.  A checklist from the U.S. 

Green Building Council’s LEED for New Construction was used to evaluate the 

building in all aspects.  Clemson University ARML proposed 38 out of 62 credits.  

The certification goal for this project is Silver.  The project proposed credits in the 

following categories:  Sustainable Sites – 9, Water Efficiency – 4, Energy and 

Atmosphere – 4, Materials and Resources – 4, Indoor Environmental Quality – 

12, and Innovation and Design – 5.  Clemson University’s AMRL was given 

Silver Certification after review, receiving 33 out of 69 points.  
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Building Systems Overview 

Building Envelope:  

The building has a structural steel frame, with interior finish steel studs and a 

gypsum dry wall finish. Its exterior materials are brick and metal panels.  A 

typical section is shown in figure 1.  

The metal panels are Galvalume 

metal panels with a Kynar finish.  

Standing seam metal roofing is 

Galvalume with Kynar finish.  

Windows are a mixture of aluminum 

storefront and curtain wall.  There is 

a single ply membrane roof over the 

mechanical equipment.  ASHRAE 

Standard 90.1 is a tool which evaluates the 

building envelope and lighting systems used in the building, not the mechanical 

energy performance.  This standard requires no more than 50% of the building 

envelope to be glass.  Clemson ARML meets this requirement with only 15.9% 

fenestration.   

Electrical: 

The building is served by 408Y/277V, three phase, 4 wire service from one 

2500kVA Transformer. The system also includes five 30-112 kVA transformers 

which step the service down to 208Y/120V, three phase, 4 wire service. There is 

also one 300 kW diesel fired stand-by generator for emergency energy.   

Figure 1: Typical Section 
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Mechanical: 

The cold water system feeds fifteen air handling units, three of them having 

VAV’s, and 4 MAH units serve Clemson AMRL.  The units conditioned air to 

offices, laboratories, conference areas, and clean rooms.  The MAH’s were 

needed to supplement the vast amount of exhaust air from the fume hoods.  

VAV’s were prominent in the office areas, due to conformability issues.  The 

mechanical system also includes cooling towers, chillers, and boilers, all to be 

discussed in the “Existing Mechanical Systems” section to follow. 

Structural: 

The building was designed for 50 psf in office areas and 30 psf in mechanical 

spaces.  The snow load was designed for 14 psf.  Wind loads were used in design 

with a wind speed of V3a (90 mph).  The ground level is comprised of 5” 

concreted slab with 4x4 welded wire fabric (WWF) on 2” base of sand with 6 mil 

poly vapor barrier over 6 “ aggregate base on compressed soil.   The elevated 

floors are comprised of a 2-1/2” slab on a 1-1/2” deck.  The concrete is 4000 psi 

with a normal weight of 150 pcf.  Floor slabs were placed with WWF in flat 

sheets, not rolls.  In re-entrant corners for pits and recesses, (2) #4 bars were used 

for reinforcing.  In sector A as seen in Figure 2, many beams and girders were 

used in constructing this 

building. Sector A had 

W21x44, W12x22, W12x16, 

W21x44, W18x35, and 

W16x31 beams bolted to W24x62, 
Figure 2: Building Sections 
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W24x55, and W24x68 girders.   Sector B had W8x13, W14x26, W16x31, and 

W24x55 beams bolted to W36x210, W36x245, W36x280 and W36x300 girders.  

Finally, sector C includes W12x14, W14x22, W14x30, and W18x35 beams bolted 

to W18x50, W36x280, and W36x300 girders.  Finally sector D is comprised of 

W12x16 and W 12x19 beams bolted to W8x13 and W12x19 girders.  The 

columns of the building were comprised of W18, W16, and W14 attached with 

moment connections for seismic and wind loads. 

Fire Protection: 

The building is equipped with 1 hour shaft enclosures and fire partitions.  The 

entire building is outfitted with sprinklers and a fire alarm system.  A Honeywell 

FS-90 DGP is used to match the existing university system.  The building is not 

resisted to fire through walls nor floor construction.  The shaft enclosures and fire 

partitions are presented by UL with design numbers U465 and U906 respectively.  

Transportation: 

From Figure 2 previously shown, Sector A contains one elevator two stairwells.  

One stairwell is open to the lobby as it ascends to the second floor.  The second 

stairwell is located in the west end show in Figure 3 below servicing the office 

spaces.  There is one other stairwell which is located in Sector D in Figure 2 and 

also shown below in Figure 3.  This services transportation to the upper level 

penthouse region.   

 

Also shown below in Figure 3 is how the spaces are designated on the first floor 

of Clemson AMRL.  The orange spaces represent laboratories; the yellow areas 
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represent laboratory support.  The off white spaces are shared spaces and 

circulation.  The blue areas are offices spaces and the gray areas belong to the 

support/services. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Building Operations 
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Existing Mechanical Systems 

Clemson University AMRL is a 

two-story mixed use building 

located in Anderson, SC.  This 

111, 270 sq ft. building houses 

office space, laboratories, 

conference rooms, and clean 

rooms.  There are 15 AHU’s and 4 

MAH’s that condition this building.  The mechanical system uses an on site 

heating and cooling plant to condition air for the AHU’s and VAV distribution 

system.  AHU numbers 8, 10, and 11 serve VAV boxes which supply air to the 

spaces.  A vast majority of the mechanical equipment is located on the second 

floor penthouse, where there is a small space allocated on the east wing for 

additional equipment.  Clemson University ARML, due to its many laboratories, 

requires a lot of mechanical equipment.  In design, they used mostly an entire 

floor to house the mechanical equipment.  With this, the total area of the 

mechanical space on the 

second floor is 31,841 sq. 

ft.  After calculating the 

areas other than the 

mechanical floor space, 

such as the draw tower 

and first floor mechanical 

AHU 

Section of AMRL 
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room, there is a total of 35, 626 sq. ft. of lost rentable space.  Out of 117,000 sq. 

ft, 30.4 % of this area is given to the mechanical equipment.  

 

The AMRL is served by 19 units, ranging from 1,000 cfm to 20,650 cfm.  The 

amount of minimum outside air to the AHU’s varying between 300 to 20,650 

cfm.  As noted before, the rooms serviced by AHU 8, 10, and 11 serve VAV 

boxes to control the climate which people occupy. 

  

Clemson AMRL uses two 3,348 MBH gas fired boilers and one 4,094 MBH 

electric boiler.  There are three 750 gpm/266.6 ton chillers and two 1,125 

gpm/375 ton cooling towers.  The air supplied to the building is from the fifteen 

AHU’s ranging from 1,000-11,300 cfm and four MAH units ranging from 6,800 

to 20,650 cfm.       

Mechanical System 

-Air Handling Units/ Make-Up Air Handling Units 

Fifteen total air handling units, three of them serving VAV boxes, and 4 MAH 

units serve Clemson AMRL.  They provide conditioned air to offices, 

laboratories, conference areas, and clean rooms.  MAH units were needed to 

condition the additional space since an abundance of air was exhausted through 

the fume hoods.  Appendix A shows the design SA and OA along with the 

calculated Vot from Technical Report 1.  
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AHU-1 

Air-Handling Unit 1 services 2,568 sq. ft. which houses conference/meeting, 

corridor, and office spaces.  The design primary supply flow rate was 4,000 cfm. 

 AHU-2 

Air-Handling Unit 2 services 2,968 sq. ft. which houses break rooms, corridors, 

restrooms, and office spaces.  The design primary supply flow rate was 4,500 

cfm. 

AHU-3 

Air-Handling Unit 3 services 3,228 sq. ft. which houses communication rooms, 

corridors, restrooms, conference, and office spaces.  The design primary supply 

flow rate was 5,700 cfm. 

AHU-4 

Air-Handling Unit 4 services 2,876 sq. ft. which houses conference/meeting areas, 

corridors, and office spaces.  The design primary supply flow rate was 5,200 cfm.  

AHU-5 

Air-Handling Unit 5 services 4,128 sq. ft. which houses laser labs and instrument 

rooms.  The design primary supply flow rate was 6,300 cfm. 

AHU-6 

Air-Handling Unit 5 services 4,128 sq. ft. which houses laser labs and instrument 

rooms.  The design primary supply flow rate was 5,800 cfm. 

AHU-7 

Air-Handling Unit 7 services 5,080 sq. ft. which houses office spaces and 

corridors.  The design primary supply flow rate was 5,000 cfm. 
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AHU-8 

Air-Handling Unit 8 services 5,314 sq. ft. which electrical and data, break, 

seminar rooms, along with corridors and the lobby space.  The design primary 

supply flow rate was 10,600 cfm. 

AHU-9 

Air-Handling Unit 9 services 5,312 sq. ft. which houses prep labs, electrical 

analysis rooms, along with other assorted laboratories.  The design primary 

supply flow rate was 11,300 cfm. 

AHU-10 

Air-Handling Unit 10 services 5,005 sq. ft. which houses conference and office 

spaces, along with a break and copy/mail/storage room.  The design primary 

supply flow rate was 7,000 cfm. 

AHU-11 

Air-Handling Unit 11 services 5,630 sq. ft. which houses office spaces and 

corridors.  The design primary supply flow rate was 7,100. 

AHU-12 

Air-Handling Unit 12 services 1,828 sq. ft. which houses office spaces, a HAZ 

MAT room, corridors and equipment rooms.  The design primary supply flow rate 

was 3,100 cfm. 

AHU-13 

Air-Handling Unit 13 services 1,752 sq. ft. which houses a clean room, a gowning 

vestibule, and device lab.  The design primary supply flow rate was 1,600 cfm. 
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 AHU-14 

Air-Handling Unit 14 services 528 sq. ft. which houses the STM lab and its 

respectful prep room.  The design primary supply flow rate was 1,000. 

AHU-15 

Air-Handling Unit 15 services 1,232 sq. ft. which houses the maintance room and 

office space along with the draw tower.  The design primary supply flow rate was 

6,.800 cfm. 

MAH-1—4 

See Appendix B for the supply air values for these units supplying the laboratory 

spaces. 

-Cooling Towers 

Two 375 ton, 1,125 gpm cooling towers are located on site.  The cooling towers 

provide condenser water for the 15 AHU’s.   

-Chillers 

 Three 266.6 ton, 750 gpm chillers are located at the AMRL.   

-Boilers 

Two 3,348 MBH gas fired 

boilers and one 4,094 MBH 

electric boiler are located at 

Clemson’s AMRL.   

 

 

 Boilers 
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-Energy Recovery Coil 

Clemson’s AMRL uses three energy recovery coils on the air side portion of the 

system.  They are located in fume hood exhaust ducts to recuperate energy They 

provide cooling for the condenser water loop from the cooling towers and heat for 

the hot water loop from the boilers.   

-Variable Air Volume Boxes 

The conditioned air from AHU 8, 10, and 11 is ducted to several variable air 

volume (VAV) boxes, which are located in the ceiling plenum.  The boxes are 

selected for specific ranges of cfm.  There are also different gpm rates for the hot 

water reheat coils to each of the VAV boxes. 

-Basic System Operation 

Clemson’s AMRL contains of both air-side and water-side mechanical equipment 

and systems.  The air-side consists of AHU’s, MAH’s, and VAV boxes.  An 

example of the air-side schematic is shown in Appendix C.  The water-side 

operation consists of a hot water system and a condenser water system.  The hot 

water system is shown in Appendix D and the condenser water system is shown in 

Appendix E. 

-Outdoor and Indoor Design Conditions 

-Outdoor Design Conditions: 

The 2004 ASHRAE Fundamentals handbook provides weather data in Chapter 

27.  Table 1 below shows the location data.  Table 2 illustrates the design outdoor 

conditions 
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Table 3:Indoor Air 

Requirements 

 

Table 2:Desidgn DB 

Table 1:Locatoin 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
-Indoor Design Conditions 
 

 Table 3 below illustrates the indoor design conditions. 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Latitude 34.50 

Longitude 82.72 

Elevation 771 feet 

Summer Conditions  Design Dry Bulb: 93 °F 

Winter Conditions  Design Dry Bulb: 19 °F 

Dry Bulb 
Temperature: 74 °F 

RH: 50% 
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Design Considerations 

-Co-Generation 

 Co-generation is one alternative to the design of Clemson AMRL building.  A  

 building using co-generation makes electricity of site, and thus less energy loss 

 due to transmission.  The heat from the burning fuel, can be utilized and help heat 

 the building.   

-Ground Source Heat Pumps 

 Ground source heat pumps were also taken into consideration.  With the climate 

 allowing for such a design, this would also be a great benefit to the owner.  Since 

 the building takes setting in a non urban environment, this also makes this design 

 appealing.  Similar to a GSHP, one could use water source heat pumps and store 

 water in a large tank underground to help with the load of the building. 

-Thermal Storage 

 Thermal storage was another alternative to the design to help decrease energy 

 costs.  One could produce ice in the evening, when utilities are cheaper, and store 

 it for the following day for cooling.  Energy recovery wheels are also an option in 

 design.  The only downfall is that desiccant wheels can only be used to the 

 laboratory spaces.  Enthalpy wheels are able to recover energy and moisture since 

 they mix the exhaust and supply air streams.  A desiccant wheel does not transfer 

 contaminants.  Instead, the wheel is flushed with supply air in the purging section 

 of the rotor.   
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Mechanical System Design 

Rising costs in fossil fuels and energy must make owners and designers aware of 

more efficient and greener systems.  In order to obtain the energy reduction in the 

existing building, chilled beams incorporated with DOAS will be one of the 

options used in this study.   

-Introduction 

There are two different chilled beams, passive and active.  One can incorporate a 

chilled ceiling with overhead or under floor ventilation, and or chilled slab with 

under floor ventilation.  With overhead ventilation, there is a limited capacity to 

absorb heat gains.  Under floor ventilation has improved capacity to absorb heat 

gains and excellent in comfort conditions.  A chilled slab with under floor 

ventilation has a cooling capacity up to 70 W/sq. m (6.5 W/sq.ft.).  Exposed 

lighting is required with this type of set up.  

- Passive versus Active 

 Passive chilled beams have a chilled surface formed into a linear finned coil, 

 which is surrounded by a pressed steal casing.  These are able to be suspended 

 from the ceiling, with flush mounts also available.  Warm air rises to the ceiling 

 and enters the top of the beam, where it is cooled by contact with the cold coil.  

 The cool air then descends into the room through slots underneath the beam.   

  

Active chilled beams incorporate tempered ventilation air supplied through 

ducting in the beam itself.  The tempered air leaves the supply ducting through 

slots with a higher velocity that induces warm air into the beam and through the 
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Figure 4: System Schematic 

cooling coil, reducing its temperature. A simple schematic is shown in Figure 4. 

The supply and chilled room air mix and enter the room out of the slots under the 

beam.  With active chilled beams, room temperature is achieved by controlling of 

individual or groups of beams.  They have a cooling capacity up to 100 W/sq m 

(9.29 W/sq.ft.) and also have integrated lighting as option and can be fully 

recessed. 

 

The advantages of chilled beams include low maintenance since there are no 

internal fans or filters.  Low fan speed is used to deliver air to the outlet diffusers 

which in return, have a low energy requirement.  The chilled beams also operate 

at relatively high chilled water flow temperatures, meaning the chillers have to do 

less work than for a fan coil system.   Expect a CWT of 55-65˚F in chilled beams, 

compared to 40-45˚F They can be incorporated into the fire suppression system to 

eliminate extra plumbing, and some chilled beams contain everything from 

lighting, data lines, and fire suppression systems.   

  

Energy recovery wheels will also be incorporated into the re-design.  The only 

downfall is that desiccant wheels need to be purged in order to utilize laboratory 
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Figure 5: Desiccant Configuration 

exhaust.  Enthalpy wheels are able to recover energy and moisture transferring it 

between exhaust and supply air streams.  A purged desiccant wheel does not 

transfer contaminants.  Instead, the wheel is flushed with supply air in the purging 

section of the rotor as shown in Figure 5. 

 

 

 

 

Using active chilled beams in the redesign process, there isn’t any significant 

issues present.  Space is available for extra equipment, but coordination with 

plumbing will be a must for the spaces due to the units.  There will be a decrease 

in AHU sizing along with the associated ductwork.  
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Figure 6: Active Chilled Beam 

Chilled Beam Analysis 

Background: 

Dedicated Outdoor Air Systems, DOAS, are becoming widely known and used in 

the industry.  DOAS systems are usually integrated with a parallel system.  The 

parallel system used in the analysis is Active Chilled Beams.  Using a DOAS 

system not only reduces the duct, shaft, and equipment sizes, but also drastically 

reduces fan energy, increases humidity control, and decreases initial costs.  The 

entire latent loads are met by the DOAS along with some of the sensible loads.  

The remaining sensible heat is to be conditioned by the active chilled beams.  An 

enthalpy wheel along with a desiccant wheel will be used in the design to 

maximize heat recovery.   

 

DOAS supplies cool dry OA to the system.  This ensures that active chilled beams 

can be applied without condensation concerns.  As long as the panel temperature 

remains above the space dew-point temperature, condensation will not occur.  .  

Figure 6 below shows the air flow of the active beam, along with the high 

induction diffusers.  With a lower 

room dew-point temperature, the 

lower the supply water temperature 

can be.  Similarly, a lower mean plate 

temperature would allow a higher rate 

of heat removal.  Radiant loads are 

treated directly and the supply air does 
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Figure 7: Dual Wheel DOAS 

not exceed that required.  Remember that the lower the SAT, the less sensible 

cooling will be needed by the beams.  Another advantage is that it could be 

incorporated into the automatic sprinkler piping system.   

Calculations: 

As shown in Figure 7 below, the set-up of the Dual Wheel DOAS system is 

illustrated.  Below are calculations based on points across the system. 
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DOAS AHU With Dual Wheels 

Example using AHU-1, All numbers are included in Appendix F 

Latent Load: 

  Occupancy = 20 people for AHU-1 

  Q latent = 200 Btu/h*person (0.0586 kW/person) 

  Q latent = 200Btu/h*person x 20 people = 4000 Btu/h (1.172 kW) 

  

Outdoor Air Conditions: 

  Dry Bulb = 93 ˚F 

  Humidity Ratio = 118 gr/lbma (0.01689 kg/kg) 

 Desiccant Wheel: 

  Make: Xetex 

  Model: AIRotor 2500 

  Sensible Effectiveness: εS=0.76 

  Latent Effectiveness εS= 0.65 

 Volumetric Flow Rate 10,280 

 Face Velocity: 525 sfpm 

-Points of Interest (Figure 7) 

Space Air Conditions (Point 4): 

  Dry Bulb Temperature = 79 ˚F 

  Humidity Ratio = 66 gr/lbma (0.0094 kg/kg) 

 Supply Air Temperature:  74 ˚F 
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Design Conditions (Point 1): 

  WOA-EW = -εS x (WOA – WRA-SW) + WOA 

    = - (0.76) x (0.01689 kg/kg - 0.0094 kg/kg) + 0.01689 kg/kg 

    = 0.011198 kg/kg (78.39 gr/lbma) 

  DBTOA-EW = -εL x (DBTOA – DBTEW-SW) + DBTOA 

    = - (0.65) x (93˚F - 74˚F) + 93˚F 

    = 80.65˚F 

Design Conditions (Point 3): 

  Q latent = 0.68 x cfm x ∆W 

  WSA = WRA – (
cfm

Qlatent

×68.0
) 

            = 66 gr/lbma – (
cfm

hBtu

280,1068.0

/800,102

×

) 

            = 51.29 gr/lbma (0.00733 kg/kg) 

  DBT3= 72˚F 

 Design Conditions (Point 2): 

  WB = 
cfm

Qlatent

×

−

68.0
+ W Space 

           = 
cfm

hBtu

280,1068.0

/800,102

×

−
+ 66 gr/lbma 

        = 51.29 gr/lbma (0.00733 kg/kg) 

  DBT2= 67 ˚F 
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Selecting Quantity of Chilled Beams 

Taken from the article “Ceiling Radiant Cooling Panels as a Viable Distributed 

Parallel Sensible Cooling Technology Integrated with Dedicated Outdoor Air 

Systems” by Dr. Stanely A. Mumma and Christopher L. Conroy, is the process 

used to determine the amount of CRCPs per square foot.   

 

Define Room Design Conditions 

  Dry Bulb Temperature: 74 ˚F 

  Relative Humidity:  40-60% 

  Room Dew Point Temperature: 54˚F 

Minimum Rate of Heat Removal Needed 

The table in Appendix G is taken from the article mentioned above.  The 

amount of heat removal is based on the room’s dry bulb temperature and 

RH.  The following shows RH and heat removal respectively: 

   40% RH → 95 W/m2 

   60% RH → 32 W/m2 

Sensible Cooling Served by Chilled Beams 

  Building Area:  111, 270 sq ft. 

  Occupancy:  514 people 

  Combined Sensible Load:  3 W/sq. ft. 

  Building’s Total Sensible Load: 

   Qtotal= 3 W/ sq. ft. x 111,270 sq. ft. 

           = 333,810 W (1,139,294 Btu/h) 
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  Outdoor Air Supply:  20 scfm/person 

  Ventilation Air: 

   М-dot = 20 scfm/person x 514 people 

    = 10,280 scfm 

  Sensible Load Achieved by DOAS 

   QDOAS= M-dot x Cp x ∆T 

   QDOAS=10,280 x 0.244 x (93-54) ˚F 

   QDOAS= 97,824 Btu/h 

  Sensible Load Achieved by Chilled Beams 

   QBeams= QTotal - QDOAS 

   QBeams= 1,139,293 Btu/h- 97,824 Btu/h 

   QBeams= 1,041,469 Btu/h 

Selected Chilled Beam 

  TROX—DID300 @ 76 W/m2 with Ln of 3000mm 

  Beam Coverage: 
BEAM

DOAS

Q

Q
= 

2
10.24

/469,041,1

hft

btu

hbtu
 

         = 43,214.48 sq ft 

Total number of Chilled Beams:   

   
AreaOfBeam

verageBeamAreaCo
= (

896.54

48.214,43
) sq. ft.  

         =788 Active Chilled Beams 
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Table 4: AHU  Information 

Re-Sizing of AHU’s 

Due to using chilled beams with DOAS, the beams were able to take care of the 

sensible load in the building, therefore reducing OA with the DOAS.  Table 4 

below shows the difference in size from the original scheme to the new DOAS 

scheme. 

AHU # 
Original 
SA(cfm) 

Design 
OA(cfm) 

Vot 
(cfm) 

DOAS 
Resized 
OA (cfm) 

1 4000 1800 324 594 

2 4500 1800 257 594 

3 5700 1800 462 594 

4 5200 1800 317 594 

5 6300 6300 1784 2079 

6 5800 5550 1784 1832 

7 5000 400 399 132 

8 10600 1050 737 347 

9 11300 3350 1167 1106 

10 7000 800 561 264 

11 7100 550 600 182 

12 3100 2550 276 842 

13 1600 1100 365 363 

14 1000 300 275 99 

15 6800 2000 253 660 

Totals 85000 31150 9561 10280 
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Schematics of Proposed DOAS with Chilled Beams 
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Table 5:  W/sq ft Calculations 

Lighting Analysis 

Background: 

The lighting in Clemson AMRL is comprised of 24”x 48” florescent fixtures with 

parabolic and lens troffers.  Fixtures include T8, T5 lamps using rapid start 

ballasts, and down lights incorporating quad compact fluorescents inside the 

building.  Metal Halides provide lighting on the exterior.  The use of low voltage 

lighting is not permitted at Clemson University, due to the university’s 

specification 16501, “Interior Lighting”.   

Lighting Compliance 

Maximum lighting power densities are suggested by Standard 90.1.  Not only 

does lighting consume energy, but it also creates heat in the space, which in return 

increases cooling loads.  Table 9.5.1 makes suggestions on the maximum lighting 

density according to each space.  Appendix H shows this table.   

 According to the lighting calculations given by IDC, the calculated W/ft2 are as 

follows: 

   
 
   
 
 

 

 

 

 

Area W/sq. ft. 

Office 1.10 

Office 1.32 

Office 1.50 

Office 1.68 

Prep Lab 1.44 

Lab  1.68 

Lab  open 1.85 

Corridors 0.82 

Corridors 0.83 

Area W/sq. ft. 

High Bay 0.65 

Haz Mat 1.08 

Waste 
Storage 1.95 

Mech 0.39 

Mech 0.40 

Mech 0.43 

Mech 0.49 

Mech 0.55 
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Table 6:  Proposed Lighting Densities 

By the space by space calculations and in accordance to Appendix D, all spaces 

exceed except the corridors, an office area, the high bay area, Haz Mat, and the 

mechanical rooms.     

 

It may be possible to achieve the same amount of output, with less energy, by 

selecting high efficient T5 lamps to replace the standard T8 lamps.  There is a 

possibility that the spaces could be supplied with fewer lamps and still achieve the 

same lighting requirements.  T5 lamps tend to be more expensive than the T8 

lamps, but life expectancy is far greater and thus gives a better life cycle cost.  

Replacing the existing 40 Watt T8 with a 32 watt T5 lamp shows a reduction in 

power density, thus decrease in energy.  Table 6 below shows the results after 

analysis. 

 

 

 

 

 

 

Watts Watts proposed Power Density Power Density proposed 

4224 3379 1.32 1.06 

3900 3120 1.5 1.20 

5712 4570 1.68 1.34 

5904 4723 1.44 1.15 

5880 4704 1.68 1.34 

7770 6216 1.85 1.48 

1170 936 1.95 1.56 

 

Space Area W/Lamp 
W/Lamp 
proposed 

# 
Lamps 

Office 3200 40 32 106 

office 2600 40 32 98 

Office 3400 40 32 143 

Prep 
Lab 4100 40 32 148 

Lab 3500 40 32 147 

Lab 
Open 4200 40 32 194 

Waste  600 40 32 29 
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The total reduction in the lighting densities was significant.  The original lighting 

scheme reached 41, 155 watts for the building.  With the proposed re-design and 

decreasing the areas in need, the watts achieved were 34, 243 watts.  This results 

in a 20% reduction in energy usage alone.   
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Table 7:  Installation/First Costs 

 

Construction Impact Analysis 

The installed cost of a CRCP system is approximately $8/sq.ft. For the VAV 

system to handle the same loads, the AHU’s alone cost about $2/scfm, the 

ductwork an additional $4/scfm and the VAV boxes at $6/scfm.  The total amount 

for the VAV system is approximately $12/scfm.  Which after running calculations 

and interpolating them with Table 7, we are to find that there will be $129,840 

decrease in initial cost.  Also shown in Appendix I is a sample of the reduction of 

costs comparing VAV with a DOAS in a 186,000 sq. ft. building in Philadelphia, 

PA. 

 

  

 

 

 

 

 

 

The initial cost was $3,024,000 shown above in Table 7.  The price for the chilled 

beam units is approximated to be $2,764,000.  This is 81% of the cost of a 

standard VAV system. Keep in mind that replacing fan with pump energy, the 

initial $5,658,000 system will begin to look appealing.  
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Schedule impact was minimal since the same amount of time is required during 

the erection of a CWP CAV/VAV system as with a DOAS with Chilled Beams.  

With DOAS, AHU’s will be smaller and ductwork will be significantly less.  The 

only possible impact would be the extra pump installation or contractor 

unfamiliarity with the proposed system.  Since this type of system is more 

abundant in Europe and Australia, and not here in the United States, finding 

contractors that are familiar and comfortable with this design may be short.  

Contractors may also apply a premium cost with such a design.  Coordination 

would be very similar on the CW and Air sides, with similar equipment.    
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Overall Cost Analysis 

The design cooling and heating loads for the major equipment are calculated 

using Carrier’s Hourly Analysis Program.  HAP is used to estimate the annual 

consumption of energy for the AMRL as well. 

 

Carrier’s HAP was used to simulate and model the Clemson AMRL’s energy 

consumption.  In order to compute this, weather conditions were properly selected 

for the buildings site.  HAP inputs the correct weather data for the design and 

simulation city, which was from 2001 ASHRAE Fundamentals Handbook.   

Energy Sources and Rates 

The Clemson AMRL is serviced by both electricity and natural gas energy.  The 

electric service is provided by Duke Power.  The rates can be seen in Figure 8.  

The natural gas service is provided by Piedmont Natural Gas.  The rates can be 

seen in Figure 9. 

 
Figure 8—Duke Power Costs 
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Figure 9—Piedmont Natural Gas Costs 

 
 

The following are charts computed from Carriers HAP.  These charts are related 

to the original VAV system.  Table 8 shows the annual costs of the VAV system, 

whereas table 9 shows the annual costs of a DOAS with Chilled Beams 

application.

Component 
Sample Building 
($) 

Air System Fans 1,379,405 

Cooling 925,442 

Heating 7,019 

Pumps 88,394 

Cooling Tower Fans 932,159 

HVAC Sub-Total 3,332,418 

Lights 2,389,184 

Electric Equipment 3,016,649 

Non-HVAC Sub-Total 5,405,833 

Grand Total 8,738,251 

Table 8.      Annual Costs VAV  
 
  

Component 
Sample Building 

($) 

Air System Fans 69,342 

Cooling 229,434 

Heating 3,354 

Pumps 169,355 

Cooling Tower Fans 115,958 

HVAC Sub-Total 587,444 

Lights 2,378,390 

Electric Equipment 3,003,020 

Non-HVAC Sub-Total 5,381,410 

Grand Total 5,968,853 

Table 9.  Annual Costs DOAS w/ 
Chilled Beams 

 

As shown in the above Tables, there is a $2,769,398 savings per year in 

operational costs.  Which translates to a 31% cost reduction yearly. 
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Figure 10:  VAV Component Cost 

Figure 11:  DOAS w/ Chilled Beams 

Component Cost 

The following pie charts represent the comparison of annual component costs for 

VAV systems versus DOAS with Chilled Beams.  Figure 10 represents the VAV 

system, whereas Figure 11 represents the parallel DOAS. 

 15.8%Air System Fans

 10.6%Cooling

 0.1%Heating

 1.0%Pumps

 10.7%Cooling Tower Fans

27.3% Lights

34.5% Electric Equipment

 

 
  

 1.2%Air System Fans

 3.8%Cooling

 0.1%Heating

 2.8%Pumps

 1.9%Cooling Tower Fans

 39.8%Lights

50.3% Electric Equipment
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-Life Cycle Analysis 

 As stated previously, the initial cost of the existing system was $3,024,000.  

Carrier’s HAP simulated the yearly energy consumption to be $8,738,251.  The new 

proposed DOAS with Chilled Beams had an initial cost of $2,764,000 for the beams and 

$2,894,160 for the remaining equipment, which totals $5,658,160 for an initial.  The 

simulated yearly consumption of energy for the proposed system is $5,968,853.  The 

DOAS with Chilled Beams was $2,634,160 more than the initial cost of the existing 

system, but saves $2,769,398 per year.  With this proposed system, the payback would be 

less than one year for this building.    
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Conclusions 

The increasing fuel cost is important to any building owner, which reflects on 

how much money they have to spend.  Initial costs are usually the selling point in 

which system is to be chosen, but it is wise to compute yearly costs and paybacks 

to see which system is more efficient on cost basis.  As seen above, the initial cost 

of the DOAS with Chilled Beams is 47% more than that of the existing 

CAV/VAV system.  By simulating building conditions and performance, its found 

that the proposed re-design will pay for itself in just one year, and continue 

savings for the buildings lifetime.   

 

Lighting loads are usually the greatest load in building.  With Standard 90.1, they 

use a cap of 1.1W/sq. ft. in design.  With the existing building, many spaces were 

well above this figure.  After analysis, it was found that using all T5 lamps in the 

building would save 20% in energy consumption, thus reducing mechanical loads 

and yearly energy costs. 

 

The construction impact was insignificant since reducing sizes in equipment, this 

was time was made up by implementing more pumps for the chilled beam CW 

loop.  The only drawback would be finding contractors educated in this field of 

systems, and not having to pay an extra premium since system in unfamiliar here 

in the U.S.   
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IDC Architects designed mechanical system is sufficient.  This proposed re-

design is an applicable option to the one that already exists.  There are many ways 

to save energy and reduce costs, but most owners are unaware.  Awareness of 

energy use and fossil fuel consumption will allow utilization of new technology 

and have less impact on the environment.   

 

This senior thesis represents paths of design.  Technology updates daily, and it is 

important that engineers continue their learning beyond the books and educate 

others along the way.  With fossil fuels diminishing, owners need to be aware of 

energy saving systems.  Planning for the future will help ensure a safe 

environment for our children, along with allowing them to plan for their children 

and thus keeps the cycle going. 
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Appendix A:  Design Conditions and Calculate Vot 

 

 Design Design Calculated 

AHU # 
SA 
(cfm) 

OA 
(cfm) Vot (cfm) 

1 4000 1800 324 

2 4500 1800 257 

3 5700 1800 462 

4 5200 1800 317 

5 6300 6300 1784 

6 5800 5550 1784 

7 5000 400 399 

8 10600 1050 737 

9 11300 3350 1167 

10 7000 800 561 

11 7100 550 600 

12 3100 2550 276 

13 1600 1100 365 

14 1000 300 275 

15 6800 2000 253 

 
 
Appendix B:  MAH Flow Rate 
 
 

Unit CFM 

MAH-1 19,525 

MAH-2 20,400 

MAH-3 20,600 

MAH-4 19,150 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



David Anderson  Clemson University AMRL 
________________________________________________________________________ 
 

________________________________________________________________________ 
Architectural Engineering Senior Thesis Report -46  
 

 
Appendix C:  Air Side Schematic For a Sample of 4 AHU’s 
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Appendix D:  Hot Water Schematic  
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Appendix E:  Condenser Water Schematic 
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Appendix F:  Q latent Calculations 

AHU # People kw/person 
Q lat 
(kw) 

1 20 0.0586 1.172 

2 12 0.0586 0.7032 

3 23 0.0586 1.3478 

4 20 0.0586 1.172 

5 104 0.0586 6.0944 

6 104 0.0586 6.0944 

7 17 0.0586 0.9962 

8 74 0.0586 4.3364 

9 23 0.0586 1.3478 

10 45 0.0586 2.637 

11 44 0.0586 2.5784 

12 6 0.0586 0.3516 

13 5 0.0586 0.293 

14 14 0.0586 0.8204 

15 3 0.0586 0.1758 

   30.1204 

    

 514 0.0586 30.1204 

 

Appendix G:  Table 2-Information Pertinent to the CRCP Cooling Selection 
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Appendix H:  Table 9.5.1 Lighting Power Densities Using the Building Area Method 
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Appendix I:  First Cost Example of DOAS vs. VAV 
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Appendix J: Cut Sheets for Enthalpy Wheel 
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Appendix K:  Cut Sheets for Chilled Beams 
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Appendix L:  Cut Sheets for Lamp Selection 
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