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Architectural Features
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* Transparent glass curtain wall facades
* Solar Shading on South Facade
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* (10) 50,000 CFM Factory Built-Up EAHU’s
* Heat Pipe Heat Recovery Between Airstreams
* (18) Individual Exhaust Fans

Hot Water
* 3 Heat Exchangers supply 180°F from LPS

* 4 Hot Water Pumps distribute the water
* Vivarium has a separate loop for redundancy

Existina Mechanical Systems

]

NS

T
I S

I S

P v
L [
, LEVELB6 ¢
5, REHEAT COILS §
5 EAST  §

—— % REHEAT COILS 5
S

1

s
LEVELB6 ¢

WEST  F

AHU-16

H——" -

AHU-15

e —,

— =5 VIVARIUM REHEAT t— -~ ——

E.PENT. REHEAT 5— —

|~~~ WLPENT. REHEAT —-——

i
HWP-%% pr_]%
P

HWP4 | HWP-3
o

1

!

HX-1

v oy

ID_EX-Z HX-3
[ &




Presentation Outline

Project Team

Project Overview

Existing Mechanical Systems
Existing Design Loads
Redesign Goals & Objectives
Mechanical Depth Study

* Heat Recovery
* Ground Source Heat Pump

Construction Management Breadth
Electrical Breadth Overview
Summary and Conclusions

Existing Mechanical Systems

Air Supply
* 100% OA VAV Ventilation/Cooling System
* (10) 50,000 CFM Factory Built-Up AHU’s
* (13) Packaged Modular AHU’s

Air Exhaust
* (10) 50,000 CFM Factory Built-Up EAHU’s
* Heat Pipe Heat Recovery Between Airstreams
* (18) Individual Exhaust Fans

Hot Water
* 3 Heat Exchangers supply 180°F from LPS
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Peak Cooling Load
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Redesign Goals & Objectives

Overall Goals
* Add renewable energy sources to the project

* Reduce the load on the Cogeneration Plant
* Increase Efficiency of Packaged AHU’s

Heat Recovery Objectives
* Recover Energy from Individual Exhaust

* Utilize Recovered Energy to heat the stair shafts
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Available Airstreams Recoverable Energy Comparison (Differing Coil Effectiveness)
* 12 Exhaust Airstreams | oo | EnTempPon] Won | tenn | Wan | Gntemp | won | Gtemp | W

Caoil *F Recovered | Post- Coil °F | Recovered | Post- Coil °F | Recovered | Post- Coil °F | Recovered

* Ducted to roof through the penthouse
* Targeted stair shafts

Recoverable Energy
* 49,150 CFM Total

* Unknown Temps — Conservatively Assume 72°F
* Differing Coil Configurations compared to reduce AP

MEBEH
A0% Effective Coil 1,767
50% Effective Coil 2,208
60% Effective Coil 2,650
70% Effective Coil 3,002
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Mechanical Depth Study * 49,150 CFM Total
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. * Differing Coil Configurations compared to reduce AP
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. . Loop Configuration 12 COILS IN EXHAUST AIRSTREAMS
Electrical Breadth Overview i i i
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Summary and Conclusions Heat Recovery Pumps

* Added Pre-heat Coils to Existing SF-4 & 5
* 3 HP Loop Pump Added




Presentation Outline

Project Team

Project Overview

Existing Mechanical Systems
Existing Design Loads
Redesign Goals & Objectives
Mechanical Depth Study

* Heat Recovery
* Ground Source Heat Pump

Construction Management Breadth
Electrical Breadth Overview
Summary and Conclusions
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Available Airstreams
* 12 Exhaust Airstreams
* Ducted to roof through the penthouse
* Targeted stair shafts

Recoverable Energy
* 49,150 CFM Total
* Unknown Temps — Conservatively Assume 72°F
* Differing Coil Configurations compared to reduce AP
Loop Configuration
* 12 Exhaust Airstreams with Heat Recovery Coils
* Added Pre-heat Coils to Existing SF-4 & 5
* 3 HP Loop Pump Added
Airside Redesign
* Removal of (2) 3,600 CFM AHU’s
* Removal of Ductwork
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Existing Mechanical Systems Removed Equipment Cost 235;1 22(5)3(3) ::3:13

Existing Design Loads . $14.700 Piping | 510,25 e
Redesign Goals & Objectives Annval Energy Saved $18,843

Mechanical Depth Study « 400 MBH Total Cost $4,143
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Construction Management Breadth Estimated Payback
Electrical Breadth Overview 9000

Summary and Conclusions «4.3 Years 8000
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Mechanical Depth — Ground Source Heat Pump

Site Geology
* USGS State Geological Maps
* Ground Temperature — 50°F
Required Bore Length Equation
* Three Heat Pulses — Annual, Monthly, Daily

T, =60°F T, =52°F
* 40,586 ft Required

Mechanical Depth — Ground Source Heat Pump

da - Rga + [qie = 3.142 - W] - [Ry + PLFy - Rgm + Ry

Fsc]

Le

to‘[tw‘;tm]‘tp

F..= shortcircuit heatloss factor

L= required bore length forcooling, ft

Q.= netannual average heat transferto ground, Btu/h

Q.= building designcooling block load, Btu/h

Ree= effective thermal resistance of ground (annual pulse), h-ft-°F/Btu
R.o= effective thermal resistance of ground (daily pulse), h-ft-F/Btu
Rew= effective thermal resistance of ground (monthly pulse), h-ft-F/Btu
R,= thermal resistance of pipe and borehole, h-ft-°F/Btu

t.= undistributed groundtemperature, °F

t.= temperature penalty forinterference of adjacent bores, °F

t..= liquid temperature at heat pump inlet, °F

t..= liquid temperature ot heat pump atoutlet, °F

W= powerinputatdesign cooling load, Btu/h

PLF.= partload factorduring design month
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Mechanical Depth — Ground Source Heat Pump

Site Geology
* USGS State Geological Maps
* Ground Temperature — 50°F
Required Bore Length Equation
* Three Heat Pulses — Annual, Monthly, Daily

T, =60°F T, =52°F
* 40,586 ft Required

Mechanical Depth — Ground Source Heat Pump

REDUCTIONS TO PREVENT AIR TRAPPING

System Layout
* 185 Bores @ 219 ft Depth

* (37) Sets of 5 Boreholes
* Reverse-Return Configuration
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Mechanical Depth — Ground Source Heat Pump

Site Geology
* USGS State Geological Maps
* Ground Temperature — 50°F
Required Bore Length Equation

* Three Heat Pulses — Annual, Monthly, Daily

T, =60°F T, =52°F

* 40,586 ft Required
System Layout

* 185 Bores @ 219 ft Depth

* (37) Sets of 5 Boreholes

* Reverse-Return Configuration

Loop Configuration
* 3 Individual Loops

REDUCTIONS TO PREVENT AIR TRAPPING

gs Conventional Reverse-Return Headers

Mechanical Depth — Ground Source Heat Pump
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Mechanical Depth — Ground Source Heat Pump

Pumps
* 3 Ground Loop Pumps
*(2) =200 gpm, 7.5 HP
*(1)=100 gpm, 3 HP
* 1 Chilled Water Pump
* 500 gpm, 15 HP

Ground Chilled Water Pumps

Totaltead| | Emer. [ Min Casingsize Motor Data at 60 Hz

Uni ‘m‘mm‘ﬁaﬁm Type ‘m
GCHWP-1 Bell & Goss. 213 HE-# EndSuction 200
HE-4 EndSuction 200

GCHWP-2 Bell & Goss. HE-4 End5Suction 100

Assumptions

20% Ethylene Glycol based Water Solutio

Chilled Water Pumps

Min Casing Size Motor Data at &0 Hz

Disc x Inletx Impel. | pp | npmlvnlul Phase

Total Head S Emer.
{f.x. H,0) Power

Unit Service Type GPM

Hh'u.ﬁl:t.‘l:mine

HE-4 End Suction 50

Mechanical Depth — Ground Source Heat Pump
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Mechanical Depth — Ground Source Heat Pump

Added Equipment and Construction Cost
*$191,765

Annual Energy Saved
* Shaves 160 tons off Peak Cooling Load
* $86,651/year

Estimated Payback

2.2 Years

Mechanical Depth — Ground Source Heat Pump

Ground Source Heat Pump Cost & Payback Calculations

___ Costincurred |
I Drilling $82,935
Piping $51,223
Grouting $8,900
Miscellaneous | $35,000
Pumps $11,208
Heat Exchanger | $2,500

Total Cost $191,765
Annual Savings $86,651
Payback (years) 2.21

Peak Cooling Load (tons)
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Goals and Objectives
* Optimize the Construction of GSHP

* Determine Cost of GSHP



Presentation Qutline Construction Management Breadth Construction Management Breadth

Project Team Goals and Objectives ey R B Y B T g e
Project Overview * Optimize the Construction of GSHP ) o0 o1 0676 10,11 ans| 6y
Existing Mechanical Systems * Determine Cost of GSHP m
Existing Design Loads Estimation Assumptions .
Redesign Goals & Objectives * Drilling Cost — RS Means Mechanical Cost Data 2009
Mechanical Depth Study Daily Output Rental

(ft/day)  (S/wk)

* Heat Recovery
* Ground Source Heat Pump

Construction Management Breadth
Electrical Breadth Overview
Summary and Conclusions

L __>325 900 16960

<325 1200 14840

bore=

bore

reS 325

225<L
L, ..<225 1800 12190

225% Lo

* Piping Cost st | 175 | 232 |05 =
* $0.66/ft?— 1 /2" HDPE Pipe o Wi ore ] ek il P Gy Mo
* $1.32/ft? — 3” HDPE Pipe 0585 |_12 22/34.018 35 |851,22

* Grouting Cost

* $8,900 Based on Total Borehole Length
* Miscellaneous Cost

* Increases w/ number of Boreholes

Lbare<225




Presentation Qutline Construction Management Breadth Construction Management Breadth

Total Borehole Cost Optimization Chart

Optimum at 185 Boreholes (@ Depths 219 ft iﬁiiﬁﬁﬁ u/
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Electrical Breadth Overview

New Distribution Panel — D4B-1
* Serves 4 New Pumps

* 110A Breaker
e 225A Main Bus

Electrical Breadth Overview

105.8 AMPS

VOLTAGE: 2771 480 3 PHASE 4 WIRE TOTAL WATTS L1] 23,432 |DESIGNATION D4B1
MAIN BREAKER: 110A FRAME 110A |[TRIP: 110A |TOTAL WATTS L2| 23,432 10F 1 TUBS
MAIN BUS: 225A MOUNTING: TOTAL WATTS L3| 23,432 |LOCATION: BASEMENT
NOTE: TOTAL WATTS 70,296
L1 L2 L3
WATTS LOAD ¥ Y X WATTS LOAD
E e o e
x |=s s | x
DIRECTORY L1 L2 L3 |° |« < |©f L1 L2 L3 DIRECTORY
GCHWP-1 2.740 1120 /¢ /N |50 ] 2[15,694 CHWP-3
2,740 3120 _~\ 1 /o | 50]4 15,694
2740 ] 5 |20 _~\ ¢ ~_|s50]6 15,694
GCHWP-2 2,740 7 120 _~\ L /. | 208
2.740 9 (20| _~\ [ 7~ | 20][10
2740 | 11 | 20 [ . |20]12
GCHWP-3 1.129 13 120 | _\ : /L 2014
1.129 15 120 _~\ 4 /N | 2016
1129 |17 |20 | _~\ ¢ -~ [20]18
HRP-1 1,129 19115| _\ : 7\ [20]20
1.129 21 |15 ]| _\ : 7\ |20 )22
1129123 |15 | _~\ L 7\ | 2024
25 (20| _~\___ ¢ /7~ | 20]26
27 120 | N\ 4 /L | 20 (28
29 (20| _ ¢ . |20]30
31120 _\ L N\ [ 2032
33 (20| _~\ : /7~ | 2034
35 [20 | _~\ . |20]36
37120 | N\ 1 /N | 2038
39 (20| _\ ; /~\_ | 20|40
41120 ~~ e M\ |20]42
SUBTOTAL 7.738 7,738 7,738 15,694 15,694 15,694 SUBTOTAL
RECEPTACLE LOADS: 0 w
EQUIPMENT LOADS: 70,296 w
LIGHTING LOADS: 0 w
DEMAND LOADS: 70,296 w TOTAL AMPS x 125%=
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New Distribution Panel — D4B-1
* Serves 4 New Pumps

 110A Breaker
e 225A Main Bus

Integration into System
* Tied into D4B

Electrical Breadth Overview
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Summary

* Both Reasonable Paybacks

* Renewable Energy Added to Project

* Reductions on Cogeneration Plant
* 400 MBH $965/year
*160Ton $87,000/year

Conclusions

* Ground Source Heat Pump = WORTHWHILE
* Heat Recovery = NEED MORE APPLICATION
* Up to 3000 MBH Recoverable
* Only 400 MBH Needed for Stairs
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