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Building HistoryBuilding History

•• Construction started in July of 1999 and was Construction started in July of 1999 and was 
occupied by October of 2000occupied by October of 2000

•• 265,000 265,000 sq.ftsq.ft. of tenant space. of tenant space

•• 82,000 82,000 sq.ftsq.ft. of garage levels. of garage levels
•• Originally built in 1964 for the Federal Commerce   Originally built in 1964 for the Federal Commerce   
Commission’s HeadquartersCommission’s Headquarters

•• $20,000,000 renovation took place in 1999$20,000,000 renovation took place in 1999

•• The building was demolished down to the The building was demolished down to the 
structural system and completely redesigned.structural system and completely redesigned.
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Building OccupantsBuilding Occupants

•• Conservational International (300 Employees)Conservational International (300 Employees)

•• McKee Nelson, LLP (130 Employees)McKee Nelson, LLP (130 Employees)

•• Grace Digital Media (51 Employees)Grace Digital Media (51 Employees)

•• Plus several smaller firms (~200 Employees)Plus several smaller firms (~200 Employees)

•• For a total of approximately 680 EmployeesFor a total of approximately 680 Employees
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Existing Conditions: Air SideExisting Conditions: Air Side
-- 2 AHU’s per floor (14 total)2 AHU’s per floor (14 total)

-- 196,000 CFM of SA provided to the entire building196,000 CFM of SA provided to the entire building

-- Fan Powered VAV boxes along perimeter spacesFan Powered VAV boxes along perimeter spaces

-- Shut Off VAV boxes in the interior spacesShut Off VAV boxes in the interior spaces
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-- (2) 320 Ton Centrifugal Chillers(2) 320 Ton Centrifugal Chillers

-- 4444oo CHWTCHWT

-- 2400 gpm Cooling Tower2400 gpm Cooling Tower

Existing Conditions: Water SideExisting Conditions: Water Side
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Proposed ChangesProposed Changes
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Design GoalsDesign Goals

1. Lower Utility Costs1. Lower Utility Costs

2. Decrease Equipment Size2. Decrease Equipment Size
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Existing Load ProfileExisting Load Profile
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PEPCO Rate StructurePEPCO Rate Structure

$.0306$.0306$.0315$.0315-- OffOff--PeakPeak

$.0306$.0306$.0315$.0315Consumption Charge (per Consumption Charge (per kWhrkWhr))-- PeakPeak
$8.36$8.36$8.36$8.36-- OffOff--PeakPeak
$8.36$8.36$18.59$18.59Demand Charge (per kW)            Demand Charge (per kW)            -- PeakPeak
$19.25$19.25$19.25$19.25Customer ChargeCustomer Charge

November November 
through Maythrough May

June through June through 
OctoberOctober

Billing Months ofBilling Months of
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Operating StrategiesOperating Strategies
•• LoadLoad--Leveling, Partial StorageLeveling, Partial Storage

Chillers run all day at full capacityChillers run all day at full capacity

Lower First Costs than Full StorageLower First Costs than Full Storage

•• Chiller PriorityChiller Priority

Chiller meets as much load as it can Chiller meets as much load as it can 
without relying on tankswithout relying on tanks

•• Chiller UpstreamChiller Upstream

Chiller operates at a higher efficiency Chiller operates at a higher efficiency 
due to the higher entering temperaturesdue to the higher entering temperatures
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Ice Tank Flow CyclesIce Tank Flow Cycles

1.1. Charging CycleCharging Cycle

2.2. Discharging CycleDischarging Cycle

3.3. Bypass CycleBypass Cycle
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Charging Cycle SchematicCharging Cycle Schematic
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Discharging Cycle SchematicDischarging Cycle Schematic
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Bypass Cycle SchematicBypass Cycle Schematic
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System ComponentsSystem Components

-- CALMAC 1500C Storage TanksCALMAC 1500C Storage Tanks

3 Tanks @ 420 Ton3 Tanks @ 420 Ton--Hours eachHours each

25% Ethylene Glycol25% Ethylene Glycol

3838oo Exiting Fluid TemperatureExiting Fluid Temperature

-- (2) 150 Ton Screw Chillers(2) 150 Ton Screw Chillers

425 gpm at 31425 gpm at 31oo/22/22o o FF

Basis of Design: YorkBasis of Design: York
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Low Temperature Air DistributionLow Temperature Air Distribution

•• 3838oo Fluid temperature from tanksFluid temperature from tanks

•• 4444oo Supply air into spacesSupply air into spaces

•• HAP determined total airflow, coil load HAP determined total airflow, coil load 
and fluid flowand fluid flow
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HAP OutputsHAP Outputs

22ndnd through 7through 7thth Floor AHU’sFloor AHU’s

Total Coil Load = 35 tonsTotal Coil Load = 35 tons

Fluid Flow = 57 gpmFluid Flow = 57 gpm

88thth Floor AHU’sFloor AHU’s

Total Coil Load = 39 tonsTotal Coil Load = 39 tons

Fluid Flow = 62 gpmFluid Flow = 62 gpm
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System ComponentsSystem Components

-- Carrier Carrier –– 39M Size 14 Double Walled AHU’s39M Size 14 Double Walled AHU’s

6,300 cfm AHU (26,300 cfm AHU (2ndnd--77thth Floors)Floors)

6,800 cfm AHU (86,800 cfm AHU (8thth Floor)Floor)

-- 26 Gauge Metal Ducts26 Gauge Metal Ducts

Existing System = 21,263 ftExisting System = 21,263 ft22

New Design = 15,172 ftNew Design = 15,172 ft22
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Structural RedesignStructural Redesign
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Existing Conditions: RoofExisting Conditions: Roof
-- 5000 psi concrete 5000 psi concrete 

-- 8”, Two8”, Two--Way Concrete slabWay Concrete slab

-- 24” Concrete columns @ 19’ O.C.24” Concrete columns @ 19’ O.C.

-- Maximum Factored Load of 250 psfMaximum Factored Load of 250 psf

-- Live Load of 30 psfLive Load of 30 psf
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Proposed ChangesProposed Changes
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Ice Tanks Total Load: Ice Tanks Total Load: 391 psf391 psf

Roof Live Load:Roof Live Load: + 30 psf+ 30 psf

Total Calculated Load: Total Calculated Load: 421 psf421 psf

Structural ConsiderationsStructural Considerations
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500 psf Superimposed Load500 psf Superimposed Load

CRSI HandbookCRSI Handbook

8” Slab8” Slab

19’ Span19’ Span

5000 psi concrete5000 psi concrete

5” Drop Panel 7.6’ Wide with 19” Columns5” Drop Panel 7.6’ Wide with 19” Columns
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Drop PanelsDrop Panels

Ice Tank FootprintIce Tank Footprint

Building FootprintBuilding Footprint
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Electrical RedesignElectrical Redesign
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-- Primary System Primary System 
277/480V, 3 277/480V, 3 ΦΦ, 4 Wire,, 4 Wire,
Y SystemY System

-- Switchgear UnitsSwitchgear Units
(2) 4000A and(2) 4000A and
(1) 1200A(1) 1200A

Existing Electrical SupplyExisting Electrical Supply
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400A400A--------ChillersChillers
70A70A
60A60A
35A35A
70A70A

BreakerBreaker

33-- #4 THW#4 THW--1” C 1” C AHU’sAHU’s
33-- #6 THW#6 THW--1” C 1” C AHU PumpsAHU Pumps

33-- #8 THW#8 THW--3/4" C3/4" CChiller PumpsChiller Pumps
33-- #4 THW#4 THW--1” C1” CCondenser PumpsCondenser Pumps

WireWire

Existing Wire and Breaker SizesExisting Wire and Breaker Sizes
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Proposed ChangesProposed Changes
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Sizing MethodSizing Method
--AHU’s 2AHU’s 2ndnd--77thth FloorsFloors

From NEC Table 430.150From NEC Table 430.150
460V and 10HP Motor 460V and 10HP Motor 

FLC=14AFLC=14A

From NEC Table 430.152 From NEC Table 430.152 
Over Current = 250% of FLC Over Current = 250% of FLC 

35A35A

New Breaker Size = New Breaker Size = 35A35A

From NEC Table 310.16From NEC Table 310.16
33-- #8 THW#8 THW-- ¾”¾” CC
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3 3 -- #6 THW#6 THW--1” C1” C3 3 -- #4 THW#4 THW--1” C1” CAHU’s (8AHU’s (8thth))

3 3 -- #6 THW#6 THW--1” C1” C--------Cooling TowerCooling Tower
3 3 -- 300 MCM 2 1/2” C300 MCM 2 1/2” C--------ChillersChillers

3 3 -- #8 THW#8 THW--3/4” C 3/4” C 
3 3 -- #12 THW#12 THW--1/2” C 1/2” C 
3 3 -- #8 THW#8 THW--3/4" C3/4" C
3 3 -- #8 THW#8 THW--3/4” C3/4” C

New WireNew Wire

3 3 -- #4 THW#4 THW--1” C 1” C AHU’s (2AHU’s (2ndnd--77thth))
3 3 -- #6 THW#6 THW--1” C 1” C AHU PumpsAHU Pumps

3 3 -- #8 THW#8 THW--3/4" C3/4" CChiller PumpsChiller Pumps
3 3 -- #4 THW#4 THW--1” C1” CCondenser PumpsCondenser Pumps

Existing WireExisting Wire

Wire Size ReductionWire Size Reduction
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60A60A70A70AAHU’s (8AHU’s (8thth))

60A60A--------Cooling TowerCooling Tower
250A250A400A400AChillersChillers

35A35A
15A15A
35A35A
35A35A

New BreakerNew Breaker

70A70AAHU’s (2AHU’s (2ndnd--77thth))
60A60AAHU PumpsAHU Pumps
35A35AChiller PumpsChiller Pumps
70A70ACondenser PumpsCondenser Pumps

Existing BreakerExisting Breaker

Breaker Size ReductionBreaker Size Reduction
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Utility Costs per YearUtility Costs per Year

$289,593.00

$469,643.00

$0.00

$50,000.00

$100,000.00

$150,000.00

$200,000.00

$250,000.00

$300,000.00

$350,000.00

$400,000.00

$450,000.00

$500,000.00

Existing System New System

Ice Storage reduces utility costs by 38%Ice Storage reduces utility costs by 38%
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$0.00

$50,000.00

$100,000.00

$150,000.00

$200,000.00

$250,000.00

Chiller Cooling
Tow er

Ice Tanks Heat
Exchanger

Existing System
New System

Mechanical Equipment CostsMechanical Equipment Costs
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Total Mechanical CostsTotal Mechanical Costs

$700,235.00

$556,715.00

$0.00

$100,000.00

$200,000.00

$300,000.00

$400,000.00

$500,000.00

$600,000.00

$700,000.00

$800,000.00

Existing System New System
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PricePriceQuantityQuantityMaterialMaterial

$1,498$1,498Total:Total:
$159$159289 ft289 ft22Additional Form Work @ $.55/ ftAdditional Form Work @ $.55/ ft22

$149$149.121 tons.121 tonsGrade 60 ReGrade 60 Re--Bar @ $1,225/tonBar @ $1,225/ton
$1,190$1,19013.4 13.4 Cu.YdsCu.Yds..5000psi Concrete @ $89/Cu. Yd.5000psi Concrete @ $89/Cu. Yd.

Total Structural CostsTotal Structural Costs
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Total System CostsTotal System Costs

$558,215

$700,235.00

$500,000.00

$525,000.00

$550,000.00

$575,000.00

$600,000.00

$625,000.00

$650,000.00

$675,000.00

$700,000.00

$725,000.00

Existing System New System

Structural
Costs
Mechanical
Costs

Ice Storage and Low Temp Air reduce Total cost $141,500Ice Storage and Low Temp Air reduce Total cost $141,500
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ConclusionsConclusions
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RecommendationRecommendation

-- Install LoadInstall Load--Leveling, Partial Storage Ice SystemLeveling, Partial Storage Ice System
Saves considerable amounts in utility costsSaves considerable amounts in utility costs

Minimal First CostsMinimal First Costs

-- Take advantage of the capability to use Low Temp Take advantage of the capability to use Low Temp 
AirAir

Decrease size of mechanical equipment and save on Decrease size of mechanical equipment and save on 
first costsfirst costs
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Design GoalsDesign Goals
1. Lower Utility Costs1. Lower Utility Costs

Saved $180,050 per yearSaved $180,050 per year

2. Decrease Equipment Size2. Decrease Equipment Size

Chillers Decreased from (2) 320 ton Chillers Decreased from (2) 320 ton 
to (2) 150 tonto (2) 150 ton

AHU’s decreased from ~13,000 cfm AHU’s decreased from ~13,000 cfm 
to ~6,500 cfmto ~6,500 cfm
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Thanks!Thanks!
••Penn State FacultyPenn State Faculty

Dr. Dr. BahnflethBahnfleth

Dr. Dr. MummaMumma

••Consolidated EngineeringConsolidated Engineering

••My Friends and FamilyMy Friends and Family

••My fellow AE’sMy fellow AE’s
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Questions??Questions??
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Room Conditions: 74Room Conditions: 74oo and 40% RH and 40% RH 4848oo Dew PointDew Point

TToo = = TTdpdp –– dTdTfanfan –– dTdTductduct –– dTdTss

TToo = Minimum Diffuser Outlet Temperature, = Minimum Diffuser Outlet Temperature, ooFF
TTdpdp = Space Dew= Space Dew--Point Temperature, 48Point Temperature, 48ooFF
dTdTfanfan = Fan Temperature Rise, 2= Fan Temperature Rise, 2ooFF
dTdTductduct = Duct Temperature Rise, 2= Duct Temperature Rise, 2ooF F 
dTdTss = Diffuser Surface and Supply Air Temperature = Diffuser Surface and Supply Air Temperature 

Difference, 3Difference, 3ooFF

TToo = 48 = 48 –– 2 2 –– 2 2 –– 3 = 413 = 41ooFF

Typical Outlet Temperature for a 44Typical Outlet Temperature for a 44oo SA System is 48SA System is 48o o OKOK
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22ndnd through 7through 7thth AHU CoilsAHU Coils


