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Virtua Replacement Hospital
-Voorhees NJ

Size - 690,900 SF
Cost - $500 million
Owner - Virtua

Architect/Engineer - HGA

CM - Turner Construction
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Current System

3 centrifuge chillers Central Utility Plant

1000 tons each

O = O .~ O I =R / > 6 Heat Exchangers
4= 111 11 9= T 1. 1T 9= [LH =L YA Y . 2 @ 7200 MBH
" 2 @ 10041 MBH
1 @ 2512 MBH
1 @ 7850 MBH

4 Steam Bollers
2@40 BHP
2@287 BHP




West Ancillary

Loading Dock

1st Floor

Ancillary Spine

Patient Tower

Central Utility Plant

East Ancillary

AHU Set 1

AHU Set 2

AHU Set 3

Central Utility Plant

Floor 2-5

AHU Zones

Patient Bed Tower

Ancillary Spine

Central Utility Plant

AHU Set 1

AHU Set 2

AHU Set 3

AHU-1A
50,000 CFM

AHU-1B

50,000 CFM

AHU Set 1
Non-Patient Care

AHU Set 3
Patient Care

AHU-2A  AHU-3A
50,000 CFM 75,000 CFM

AHU-2B . AHU-3B

50,000 CFM 75,000 CFM

AHU Set 2

Medical Areas

AHU-3C AHU-3E
75,000 CFM 75,000 CFM

AHU-3D AHU-3F

75,000 CFM 75,000 CFM




Current Energy Use Ground Source
Annual Utility Breakdown i Heat Pu m p (GSH P)

GSHP Goals:

Low thermal resistance
Pump Efficiency

Low Operational Cost
Low Payback

Period

Source

Chilling Plant 15,104,376 KWh $1,963,568.00

Heating Plant| 1,503,106 Therms S1, UrrE,T.—i'r' 00 PrOpOSEd Area

Bldg Elec Monthly Energy Costs by Equip (5)

300000

250000

200000

150000

100000

50000




Total Length Calc.

AHU Set , _L]'EREE +(Cre X gy WRy + PLE, Ry + Rpali.) AHU 2 Example

‘ Euwi T Euo
. tg— 52 —t,

Units Value

net annual average heat transfer to ground Btu/h -2322324.041

effective thermal resistance of the ground, annual h-ft-°F/Btu| 0.281690141

building design cooling block load Btu/h
8
8

TOtaI ReqUIred Length power input at design cooling load W

5510
thermal resistance of bore h-ft-°F/Btu
part load factor during design month n/a

7 2 , OOO ft _ effective thermal resistance of the ground, monthly h-ft-°F/Btu| 0.281690141

-AHU 1

effective thermal resistance of the ground, daily h-ft-°F/Btu| 0.17605633

short circuit heat loss factor

4 1 8 O O O ft undisturbed ground temperature
) .

liquid temperature at heat pump inlet

- AHU 2

liguid temperature at heat pump outlet

temperature penalty for interference of adjacent bores

pipe length for cooling

- AHU 3

935,000 ft

Sch 40




Concrete Backplug

SEEen U Tube Design

5 Options

Range of Bore Length Per Parallel Circuit

-AHU 1 @ 300 ft

Bare Hols Wall

Radius beyond

= - AHU 2 @ 600 ft

- AHU 2 @1000 ft

- AHU 3 @1000 ft




GSHP Layout
AHU Set 2 @ 600 ft AHU Set 1 @ 600 ft AHU Set 3 @ 1000 ft

20 X 27 10 x 12 31 x30




i System Design
Pump Selection 4 Heat Pump Selection

e

AHU 2 600 ft Heat Pump
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702 GPM @ 47 ft

Generators AH U 2 F 20, J

Pumping Efficiency
500r less |A - Excellent ionl| 6420 | 365 | 18 | A
5010 75

AB0800

11

}
1743000 | 809520

21GPM @281t 421 GPM @ 28 ft

AHU 2600 ft PC1

CUP Schematic T
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75to 100 |C- Mediocre

100 to 150




Drilling/Pipe Current Annual Utility Cost GSHP Annual Utility Cost

Drilling AHU 1 - 1,191,188 KWh / 143,244 therms

Ground Loop Installation Costs / ft bore

U Tube Dia| Mud Rotary Clay| Mud Rotary Soft Rock

$4.75 - $6.00 $6.00 - $10.00

Option 1 - AHU 1 @ 300 ft

-$325,000 annual utility cost ' Energy Cost.

Pump Heat Pump Total

W (KWh) -
AHU 2 - 2,382,376 KWh / 286,435 therms 56014 -

Energy Cost

AHU 3 - 3,700,000 KWh / 465,500 therms e

Drilling Cost

Depth (ft) |# Boreholes|$/Borehole
"0 | o | 1m0 |5 awmoo]

3850
33

T [ | wwo |5

2,78¢
0,22

~ W (KWWh) -
-$1,000,000 annual utility cost 29704 --- $184,743.52

i
LI'I n LI'I L

Current Utility Cost

=-

$1,200,000.00 —
Pipe Cost 3247 3=ng,m 49
$1,000,000.00

Option 1 S 94,269.00

Option 2
Cption 3 5 5,11,334 00
Option 4 % 489,465.00
Option 5

800,000.00

o Jees (5 o s _Jcot5)_[w (oo Jcos )

27109 3 3 52,426.49

mAHU1
600,000.00 m AHU 2
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AHU 3
$400,000.00

==

$200,000.00

—

ost
30706.39 HTrrﬁ'rrrr -urm:r[r $546,910.39

$0.00




Annual Utility Savings

HU 1 @300 ft — $ 137,000  42%
HU 1 @600 ft — $ 140,000  43%

HU 2 @600 ft — $ 319,000  47% Option 1 —6.2 yrs
%

%

First Cost

Total First Cost

| Orlling | Piping | Pumps | Heat Pumps

Payback Period / Life Cylce

Option 1 Payback
Option 2

Option 3 ! 5629,100.00 | 54,252,336.00 ;
20; $3,919,117.00 Oo“on 3

Option 5 | $6,224,400.00 | $1,081,669.00 | $14,202.00 | $947,700.00 | $8,267,971.00

First Cost Summary Option 5

Payback Period

Option 2 — 6.3 yrs
U 2@1000 ft — $ 330,000 48% X 4

Option 3 — 13.3 yrs
U 3@1000 ft — $ 500,000 50% Option 4 — 12 yrs

Option 5 — 16.2 yrs

m Payback Period

> > > > >

$9,000,000.00 Option1l Option2 Option3 Option4d Option5

$8,000,000.00 Option

$7,000,000.00

Operational Cost

Life Cycle — 30 years

$6,000,000.00

$5,000,000.00
$4,000,000.00
$3,000,000.00
$2,000,000.00
$1,000,000.00

S-

Option 1

Option2  Option 3

Option4  Option5

B Heat Pumps

Pumps
H Piping

M Drilling

$1,200,000
$1,000,000
$800,000
$600,000
$400,000
$200,000

S-

Option 1 Option 2 Option 3 Option4 Option 5

B G5HP

Current System

Option 1 — $3,260,600
Option 2 — $3,318,000
Option 3 — $5,327,300
Option 4 — $6,000,000
Option 5 — $6,900,000

$8,000,000
$7,000,000
$6,000,000
$5,000,000
$4,000,000
$3,000,000
$2,000,000
$1,000,000

S_

Lifetime Savings

Option 1 Option 2 Option 3 Option 4 Option5




Outdoor Air Study

Outdoor Air Hedesign

Room
APN Office 0
Asst Nurse Mgr Office
J

Consult
Asst Nurse Mng Office i i
FEDS MED Director
Tech Work
FPhysician Charting

Register Supr Office __

Sq [ Min ASHRAE OA Total — 172 Rooms
—
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0 | o | 2 [«

=
=
(=]

l:l". = =] | I'\-'I ':‘ [=1] ':-" = | B2

=
o=
=

Patient Tower

East Ancillary

AHU Set 2

West Ancillary

AHU Set 3

Central Utility Plant

Energy Use

233

000




PV Panel PV Panels - S—
solar Energy 3719.. 3157.11 1975.75
MNov

r ra _ Dec
) Solar Energy 2949. 3493.59
Total (KW) 36293,

Panel Power W W

| oma | 0 | omm7 | | 01392 |

Absorbed Energy
09

32925.07 32399.18 s c ‘
Panel Price Total 666436 630292
Payback Period 20.241 20.191 20.192 20.180

- Solar Panel Area




parallsl

East Wing

Main Spine

251 Panels

Panel Properties

354 Panels

Panel Properties
_
__

279 Panels

Panel Properties
___
s | e | 5 | m | wr | m

PV Panels

33/0 +#6G-21/2"C

3#M4+M4G-1/2"C

330 +#6G-21/2"C

3P-200ADC
Disconnect Switch

330 +#EG-212"C

330 +#G-212"C

ELECTRICAL CHARACTERISTICS

Electrical performance
(cell temperature:25°C)

Current(A)

Voltage(V)

—— 1000 Wi  —— 800Wim2 —— 600 Wim —— 400Wime —— 200 Wiz

50 Kw
Central Inverter
3P-200AAC
Disconnect Switch

33M+EEG-212°C

T 4BOV/193 A

Power(W)

Cost

Cost - $713/panel x 884 panels = $630,292
100 KW Inverter = $41,000

2 50 KW Inverter = $52,000

Total First Cost = $750,000

Federal Incentives = 30%

New First Cost = $525,000

Annual Energy Savings = $32,000

Simple Payback Period = 16 — 17 years
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Lyo ut

Head Loss Calcs.

Section Fitting KF;
U tube -
L5 90" Bend : ' 0.018
ST Run 0.017
5T Run 0.017
5T Run 0.016
ST Branch 0.016
0.016
0.014
0.014
0.014
0.014

AHU Set 2 @ 600 ft
20 X 27

— o
L=y
[ B -

-
0o 0o Do sl

Gate Valve
ST Run
ST Branch
90° Bend
90" Bend

- =
(W]

0O 0o o 0o LW

Section Length GPM  Head Loss ft/100ft Eq.Length Head Loss
Utube 1200 : 0.7 799
L1
12
L3

57 @ 312 gpm
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@ 702 gpm

=

=] LN LN

(=T ¥
Wwmooon




=
E
Es
£
s

60 2 15:
— s
15.

15

Pt
L]
|ﬁ

Capacity -mmm =
s | 35 - - - . 480800 | 2245 Capacity mm-

=Y
2
2
=
Ln
Iﬂ'l

n|un

U
L=l =L =
Ll'l Ll'l |..|'I |..|'I Ll'l

] |l
o LD
[y
Q2|2
o2

[ ]
|ﬁ

Ll | LA2
I:ll'J I:ﬂ I:ﬂ

[ ]
I:ﬂ
|'\_|
o
=
=]
L=
n
1

LnjLn | un
ot

-

430800
3 764 | aco0 | 113 | 305600 | 135600 |

A30800
305600

Ln
Pt
L]
|ﬁ
|
LD
[
(=]
o

|—I|
fed
O |Co |00 |00 | GO |00
=2
[
e |
(M)
=t
=2

L
I:ﬂ

=
Lno[Ln
Pt
L]
|ﬁ
|
LD
[
(=]
o

%]
I:ﬂ
fed

[}
|_'|

I.J:l
ﬂ' i
[wa)
[}
|_'|
L
o
Ln
T

L [N I R

s [ Y s

[ T I S B 5
i LB L= = ]

i i -]

-] -]

Heat Pump
o — . o] v [ e eoomatn] e [verton] e ceumlvton
Capaci cCap Heating (KW) Wi, (KWh

_- - -

= | e
I:!'J I:ﬂ
~

¥i

oo
7 —

£a
[
L

| un

po | = | =
= | |
La | Ln

o e Y
o [ e

[
I:ﬂ




