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ﬁ Timothy Befteotti + Mechanical Optlorll - Dr. Treado  JUIrner Current 5175th cup Steam
« CUP  Chilled Water « 150 psi = 15 psi
e 150 psi Steam * Domestic HW
 Electricity * Heating HW

« University Medical Center of Princeton Overview

o Sterilization

Solar Mars 90 Combustion Gas Turbine

* Current systems Steam | Steam
« Goals Fuel Electrical | Output | Output Thermal Total
* Depth Input Output | Unfired | Fired | Electrical | Efficiency | Efficiency
« Replace HRUs with GSHP/GHX (MMBH) | (MW) | (kpph) | (kpph) |Efficiency| Unfired | Unfired TR P i e
. Economic Analysis 100.4 9.5 46.8 113.3 32% 56%0 88% FILTER e Ei%gg:;
» Implement Micro Steam Turbines W L o
« Electrical Breadth E =l

masdar.daralriyadh.com
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« Summary and Highlights
« Appendices

Bl 1

=3 -

as] T 1

Solar.com



PENNSTATE University Medical Center of Princeton
ﬁ Timothy Befteotti « Mechanical Optlorll  Dr. Treado Turner

« University Medical Center of Princeton Overview

« Current systems
« Goals
* Depth
* Replace HRUs with GSHP/GHX
« Economic Analysis
* Implement Micro Steam Turbines
 Electrical Breadth
 Acoustical Breadth
« Summary and Highlights
« Appendices

Current 5175th

CUP

8 Roof Top AHU

CAV and VAV with Reheat
HRU

TYP. for
HRU 7-9

TYP. for
AHU 7-9

—
M=

R

(-

I

p——

HRU

L%%

Glycol Make Up Package

B

Air Separator

It

Vel B 2N

}

% X

ARU

——

L. ]

% X

]

AHU

——

i

TYP. for
HRU 10-14

TYP. for
AHU 10-14



PENNSTATE University Medical Center of Princeton
ﬁ Timothy Befteotti « Mechanical Optlorll  Dr. Treado

Turner

« University Medical Center of Princeton Overview

« Current systems
« Goals
* Depth
* Replace HRUs with GSHP/GHX
« Economic Analysis
* Implement Micro Steam Turbines
 Electrical Breadth
 Acoustical Breadth
« Summary and Highlights
« Appendices

« CUP

Current System

8 Roof Top AHU
CAV and VAV with Reheat

TYP. for
HRU 7-9

—
M=

R

c—

I

p——

HRU

L%%J

Air Separator

Simple Payback of Runaround Glycol Heat Recovery System

TYP. for
HRU 10-14

- HRU
Heating Load With Cooling | Load with
Base Load HR Savings Base Load HR Savings
(MBH) (MBH) (MBH) (Tons) (Tons) (Tons)
10,537 5,431 5,106 1,431 1,424 7

Heating Cooling Total Additional Simple
Heating Cost Cooling Cost Cost Capital Payback
Base Cost | with HR | Savings | | Base Cost | with HR | Savings | | Savings Investment (years)
$134,946 | $91,512 | $43,434 | | $476,779 | $466,914 | $9,865 $53,299 | | $1,233,000 23
N/ il
< 1 4
W.for"%%j ’—%% TYP. for
AHU 7-9 AHU 10-14
|_ AHU J L AHU J
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e Optimum Healing Environment * Provide Alternative
* Improved Performance « Discover Unigque Options
« Introduction * Environmental Responsibility « Compare Energy/Cost
« University Medical Center of Princeton Overview
 Building
» Current systems Electrical Breﬂw{t[»
« Goals _ . ,
. Depth Redesign of Power Distribution n T
+ Replace HRUs with GSHP/GHX e ‘g}{;;--' .w""'""' ?
« Economic Analysis , ,"}';j:“’;.”*;. o pr i - g
« Implement Micro Steam Turbines Acoustical Breadth 1 e 'f '
« Electrical Breadth Evaluate Current Room Acoustics SR
 Acoustical Breadth Recommend Solution
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* Depth
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« Economic Analysis
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Appendices

Size heat pump to match precooling load
Need one 8 Ton

Size to match water flow of 900 gpm
need 13 in parallel
Additional 367 Tons Peak Cooling Savings

Size to match preheating
Need 30 units

What if no HP and only GHX?
Lc = 25,637 ft / HP => 333,281 feet total
8,008 MBH Heating Capacity

Additional 2,902 MBH Peak Heating Savings

Heating
Base Load
(MBH)

Load With
HR
(MBH)

Savings
(MBH)

Cooling
Base Load
(Tons)

Load with
HR
(Tons)

Peak Heating and Cooling Savings from HR

Savings
(Tons)

10,537

5,431

5,106

1,431

1,424

7

SOURCE COIL LOAD COIL
EWT Recssure EWT i o § Pressure e W Pressure S Pressure
F |9Pm Drap ® M;ch Pamer J;Rh WT| ceq | Drop M;ch Pmer MTI;-IRh WT| en | Drop Mgch Pc':(wer MTBHRh WT| cen | Drop
tul tul T tu t 1
Seig [vg ( )| (kW) [( )} (F) i hwg( uh) | (kW) |( )| (F) psigﬂwg( uh) | (kW) | (MBtuh){ (F) peig |t wg
50 | 1293 | 684 | 1527 |352| 186|054 120 271.2 1386 | 3185 |39.8| 196 360|830 | 277.3 |1394| 324.9 |42.1] 19.9 | 650 {15.00
60 | 141.0 | 6.90 | 1645 [43.9]20.1]0.30|070| 294.1 {1392 | 3416 |489|21.1 |344|794| 299.9 |1397| 3475 |51.4] 215 |6.18 |14.28
35 [119|275| 70 | 1513 | 7.00 | 1752 |527]|21.3|0.17 | 040| 3139 [14.09 | 3620 |582| 223|329 |760| 3190 |14.14| 367.3 |60.9| 22:6 | 5.91 |13.64
80 | 1602 | 7.08 | 1844 |61.7|22.4 015|030 | 3302 |14.24 | 3788 |67.5(23.2|3.15|7.28| 3345 |1428| 3832 |70.4| 234 | 5.67 |13.09
90 | 1675 | 7.14 | 1918 |709|233]012|030| 3427 [14.35 | 3916 177.1]| 23.9 | 3.02 | 6.97 | 345.8 |14.38| 394.8 |80.1| 24.0 | 5.47 |12.64
50 | 131.1 | 634 152.8 |35.0{ 202 ] 054 |1.20] 275.0 |[12.76 | 3185 |39.6|215|3.608.30 | 281.1 |12.80] 324.8 |42.0f 22.0 | 6.50 |15.00
60 | 1427 | 6.41 | 1646 [437|21.9]0.30(070| 2976 {1290 | 3416 |48:8|231 |344|7.94| 3033 |1293| 347.4 |51.3] 234 | 6.18 [14.28
50 | 53 |359/830| 70 | 1529 | 6.47 | 1750 |525]23.310.17 | 040 | 3168 [13.01 | 361.2 |58.0| 24.3|3.29|7.60 | 321.9 |13.04| 366.4 |60.8| 247 | 5.91 |13.64
80 | 1616 | 6.53 | 1838 |61.5| 245|015 |0.30| 3326 |13.11| 3774 |67.4|254 |3.15|7.28| 336.8 |13.13| 381.6 |70.4| 256 | 5.67 {13.09
90 | 168.6 | 6.57 | 191.0 |70.7{ 255012 |0.30| 3448 |13.18 | 389.8 |77.0| 262 | 3.02 | 6.97 | 347.9 | 1820 | 392.9 |80.1| 26.4 | 5.47 |12.:64
50 | 131.7 | 6.12 | 1526 |35.0|21.1|054|120] 2762 {1230 | 3182 |39.6|22.5 [360|8.30 | 282.4 |12.33| 3245 |41.9] 22.9 | 6.50 {15.00
60 | 1434 | 6.18 | 164.4 }436{22.8]0.30 {070 | 2989 {12.41 | 341.2 |48.7|24.1 | 344 | 7.94 | 304.6 |12.43| 347.0 |51.3| 245 | 6.18 |14.28
70 | 650 [15.02] 70 | 1535 | 6.22 | 174.8 |525{ 243|017 |040| 3181 |1250 | 360.7 |58.0| 255 | 329 | 7.60 | 323.1 |1252| 365.8 {60.8] 258 | 5.91 |13.64
80 | 1622 | 6.26 | 1835 [61.5{256|0.15|0.30| 3337 |1257 | 3766 |67.4| 266 |3.15|7.28| 337.8 |1259| 380.8 |70.3] 26.8 | 5.67 |13.09
90 | 169.1 | 6.29 | 1906 |70.7| 26.7 | 0.12 | 0.30 | 345.6 [12.67 | 388.7 |77.0| 27.4 | 3.02 | 6.97 | 348.6-|1263| 391.7 |80.0{ 276|547 {1264
50 | 118.9 | 826 | 147.0 |364| 139} 054 |120| 2515 [1664 | 3083 405|151 | 360|830 | 2583 |16.70| 315.3 |42.6| 155 | 6.50 |15.00
60 | 1326 | 8.38 | 161.2 [44.8| 154 {0.30 [ 0.70| 279.0 |16.88 | 336.6 |49.5{ 165 | 344 | 7.94 | 2856 |1694| 3434 |51.8| 16.9 |6.18 |14.28
35 |1.01]234| 70 | 1449 | 849 | 1739 |534{ 167 017|040 3027 |17.10| 3611 |586|17.7 | 329|760 | 3087 |17.15| 3672 |61.2]| 180 | 5.91 |1364
80 | 1555 | 859 | 184.8 [62.2] 178 0.15|0.30 | 3222 |17.27 | 3811 |67.8| 187 |3.15|7.28 | 327.1 |17.32| 386.2 |70.7| 189 | 5.67 |13.09
90 | 1640 | 866 | 1936 |71.3] 187 ]0.12 | 030 | 336.8 |17.40 | 3962 |77.3]| 19.4 | 3.02 | 6.97 | 340.3 |17.43| 399.8 |80.3} 19.5 | 5.47 |12.64
50 | 1224 | 784 | 1491 |36.0| 151|054 |120| 258.4 |15.76 | 3122 |402} 16.4 | 3.60 | 830 | 2652 |15.80| 319.1 |42.4] 16.8 | 6.50 [15.00
60 | 1357 | 7.92| 1627 {445/ 167|030 070 | 2848 |1591 | 339.1 |49.3|17.9 | 344 |7.94| 2912 |1595| 3456 |51.7| 183 | 6.18 |14.28
70 | 53 |329|760) 70 | 1475 | 7.99| 1747 |53.1| 181|017 | 0.40| 307.3 |16.04 | 3621 |58.4| 192|329 |7.60| 313.0 |16.08| 367.9 |61.1| 195 | 5.91 |13.64
80 | 1575 | 8.04 | 1849 |62.0|19.3|0.15[0.30| 3255 |16.15| 3806 }67.7| 202|315 |7.28 | 330.1 |16.17| 385.3 |70.6| 20.4 | 5.67 |13.09
90 | 1654 | 8.09 | 1930 |71.1]202]0.12|0.30] 3389 |16.23 | 3942 [77.2| 20,9 |3.02 | 6.97 | 341.9 |1624| 397.4 |80.2| 21.1 | 5.47 |12.64
50 | 124.0 | 764 | 1500 [35.8| 157|054 | 120 2615 |1534 | 313.9 |40.1|17.0 | 360 |8.30 | 2682 |1537| 320.6 {42.3| 175 | 6.50 [15.00
60 | 137.0 | 7.70 | 163.3 [44.3| 17.4|0.30 | 0.70 | 287.3 |15.45 | 340.0 |49.2| 186 | 344 | 7.94 | 2936 |1548| 346.4 |51.6| 190 | 6.18 |14.28
70 | 5.91|1364| 70 | 1485 | 7.75 | 175.0 |53.0{ 18.8 | 0.17|0.40{ 309.2 [1555 | 362.3 |58.3|19.9 329|760 314.8 {1557 367.9 |61.0{ 202 | 5.91 {1364
80 | 1583 | 7.79 | 1849 }61.9]20.0]0.15|0.30| 3269 {1562 | 3802 |67.7|20.9 |3.15|7.28| 331.4 |1564| 384.8 |70.5} 212 | 5.67 [13.09
g0 | 166.1 | 7.82 | 1927 [71.0|21.0]0.12|030| 3399 |15.68 | 3934 |77.2|21.7 | 3.02 | 6.97 | 343.0 {1569 | 3965 {80.2}21.9 | 5.47 |12:64
50 | 1062 | 976 | 1394 |37.9| 103|054 |1.20] 2258 |1964 | 292.8 |41.5|11.5|360|8.30| 2326 |1971| 299.8 |43.4] 11.8 | 650 [15.00
60 | 1212 | 9.90 | 1549 {46.2| 11.7|0.30 [ 0.70 | 256.2 |19.94 | 324.3 |50.3| 12.8 | 344 |7.94| 2631 |2001| 331.4 |52.5| 13.1 | 6.18 |14.28
35 0861203 70 1348 110.04 169.1 54611301017 1 040 2836 12022 3”26 193114013291 760 2904 120281 3’R/aR 1R171 143 1501 11384
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P
123  [gal/min] - |0,1337 C—_—
gal

<o
P
1}

Volumetric Flow rate of Water

p = 147 |[psi] Atmospheric pressure in psi
Tcin = 11 [F] Entering Air DB Temperature
Ve = 46000 [ft'/min] Volumetric Flow rate of Air
U = 6815 [BTU/hrft>F] Heat Transfer coeficient
A = 105 [ft“] Total face area
pi = p['Water', T=Ty,,, P=p] Water Density as defined by EES tables
. 0 min
My = pH - Vu - |60 i Water mass flow rate
pc = p['AIr , T=Tc,n,P=p] AirDensity
min
mc = pc - Ve - |60 " T | A mass flow rate
/Must guess outlet temperatures to be able to calculate specific heat capacities. These values will be commented out once evaluated once
//Based on a precooling delta T estimate of 7 degrees F for water and 8 degrees F for air
T + The
cy = Cp I:'Watel’ T =—10 =P =P] Specific Heat Capacity of Water
3 Tcin + Tco
cc = Cp ['Alr ,T= = > — ] Specific heat capacity of Air
én = r;'H © CH
& = mc - ec
i = Min [Cc, &, ] min capacitance rate
Sivax = Max [C s Sy ] max capacitance rate
NTU = 1—"’ -6 ber of transf it
o number ol ransfer units
min “
& = HX['crossflowsonumea’ . NTU, Cc, &y, ‘epsilon'] Access effectiveness-NTU solution
Gmex = Sinin - [Tuin — Tein] Max possible heat transfer rate
& = dmax - & Actual Heat Transfer rate
= s g S
Tcout = Tcin + & Air exit temp
g .
T = THin — Wate t te
H, rH ater exit temp

Turner

EES to calculate hourly energy savings

Sim;ala Fmﬂmck far Heat Fum;a Systam to Base Systam

Energy Savings of GSHP and GHX and hours of Operation

Peak
Heating Annual Peak Annual
Capacity Heating Cooling Cooling

Peak Savings Operating Capacity Savings Operating
(MBTU) (MBH) Hours (Tons) (Tons) Hours
7,178.50 18,693,690 5,243 219 101,830 983

Total Energy
Hour of Year| TAMB [F] AHU-7 | AHU-8 | AHU-9 | AHU-10| AHU-11| AHU-12 | AHU-13 | AHU-14 (BTU)
1 27.8 959412 | 1.01E+06 | 744807 | 839189 | 1.01E+06| 663101 663101 502921 6386531
2 26.7 992850 | 1.04E+06| 770787 | 868389 | 1.04E+06| 686267 686267 520596 6609156
3 25.7 1.02E+06 | 1.08E+06 | 794437 | 894965 | 1.07E+06| 707357 707357 536693 6811809
4 25.0 1.04E+06 | 1.10E+06 | 811010 | 913586 | 1.10E+06| 722136 722136 547978 6953846
5 24.4 1.06E+06 | 1.12E+06 | 825226 | 929557 | 1.12E+06| 734815 734815 557661 7077074
6 24.0 1.08E+06 | 1.13E+06 | 834711 | 940211 | 1.13E+06| 743274 743274 564122 7157592
7 239 1.08E+06 | 1.13E+06 | 837083 | 942875 | 1.13E+06| 745389 745389 565738 7178474
8 24.4 1.06E+06 | 1.12E+06 | 825227 | 929558 | 1.12E+06| 734815 734815 557661 7077076
9 25.7 1.02E+06 | 1.08E+06 | 794437 | 894965 | 1.07E+06| 707356 707356 536693 6811807
10 27.8 959412 | 1.01E+06| 744807 | 839189 | 1.01E+06| 663101 663101 502921 6386531
11 30.2 886613 | 932020 | 688246 | 775605 | 929921 612678 612678 464472 5902233
Heating Energy Savings and OA Temp 1st 24 Hours
8000 400
0% / \//—‘—\\ e
6000 30.0
\ /\ / _
5000 — — \/ 25.0 o
:3: ..................
é 4000 20.0 § Total Energy (BTU) |
E  e—1AMBIF] |
3000 15.0 ';
2000 10.0
1000 5.0
0 0.0

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Alternative Heating Savings

Alternative Cooling Savings

Annual Annual
Heating Natural Gas Cooling Natural Gas
Savings Savings NG Savings Savings NG
(MBH) (Therms) Savings (Tons) (Therms) Savings
18,693,690 333,816 $65,428 1,221,956 101,830 $19,959
Simple Payback for GSHP and GHX Alternative
Total Total Additional Simple C
. ompared to 23 for
NG Operating| Cost Capital Payback Gl P IR g
Savings Cost Savings Investment (years) ycol kunaroun
$85,387 | $29,939 | $55,448 $6,359,695 115
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* Implement Micro Steam Turbines
Electrical Breadth
Acoustical Breadth
Summary and Highlights

Appendices

Turner

Carrier.com

Micro Steam Turbine
Location of PRV

Flow Rate

* Energy Output

pEpmE

* What to power?
« Paralleling Switchgear
 Transfer Switch

Annual Peak Savings
461 kKW

Microsteam Turbine Design Criteria

Inlet Outlet Steam Steam
Pressure Pressure | Flow Rate | Temperature

(psi) (psi) (Ib/hr) (°F)

150 15 41,400 365.87

Microsteam Turbine Performanc Data

Inlet Outlet Steam Steam Electrical
Pressure | Pressure | Flow Rate | Temperatur | Output
(psi) (psi) (Ib/hr) e (°F) (kW)
150 15 11,150 366 275

AHU Electrical Load Requirements

HP kVA | FLA | Volt | Phase | kW
12x10 =120 130 | 156 | 480 3 191
Ox7.5=67.5 80 96 | 480 3 118
12x7.5 =90 103 | 124 | 480 3 152
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Lower Level Mechanical Room Layout
: - = | A ’ %?‘.":%;

Pressure Reducing Valve

/ Station 1

) ’-DQ
e
R g e

\

5 L S~ BULD A STRUCTURE T0
Bt ™o codien ‘ S = W
= f HX—3&4, H H
(LoBBY) | HX=3 STACKED' ONE ON-TOP' OF THE
OTHER.
Wt — [ HX=2
/2\ /

Kaser Dingmm with Turbines and T mnsfar Switches

Existing Panel Boards

WEST-B
-EDPH
-MT-3

WEST-B
-EDPH
-MT-2

WEST-B
-EDPH
-MT-1

) @/i ; Cﬁ ) @/i
To To To
AHU 3 AHU 2 AHU 1
S =5 —S
]

| —

ATS-PT ATS-PT ATS-PT
-EQ-WEST-4  -EQ-WEST-3 -EQ-WEST-2

Single Line with Turbines Transffer Switches

CENTER—B—EDPH-LTG
180/277V, 600A, 3PH, 4W+G, 65KAIC

/600 _|
]
]

00/200 ) 400/250 ) 400/250 |

@D —&D

NG LIGHTING LIGHTING
WEST  RISER EAST RISER EAST
'S 5-6 FLOORS1-3 FLOORS 4-6

WILL BE DONE WITH FIT OUT WORK.

WEST-B-EDPH-EQ
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* Introduction
« University Medical Center of Princeton Overview

Turner

« Evaluated HR System
« 23 Year Payback

* Designed GSHP / GHX

 Building

« Current systems * 115 Year Payback
* Goals _
 Depth  Final Remarks

* Replace HRUs with GSHP/GHX
« Economic Analysis
* Implement Micro Steam Turbines
 Electrical Breadth
« Acoustical Breadth
« Summary and Highlights
« Appendices

Su mmAary ang %igfulig[tts

* Implemented Microsteam Turbines
* Peak savings 461 kW

» Evaluated Room Acoustics
 DuPont AudioComfort Panels

Simple Payback of Runaround Glycol Heat Recovery System

Heating Cooling Total Additional Simple
Heating Cost Cooling Cost Cost Capital Payback
Base Cost | with HR | Savings | | Base Cost | with HR | Savings | | Savings Investment (years)
$134,946 | $91,512 | $43,434 | | $476,779 | $466,914 | $9,865 $53,299 | | $1,233,000 23

Simple Payback for GSHP and GHX Alternative

oopoR
F S8 F ¢

Total Total Additional Simple
NG Operating| Cost Capital Payback
Savings Cost Savings Investment (years)
$85,387 | $29,939 | $55,448 $6,359,695 115
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« Summary and Highlights

Turner
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* Introduction Supply. Air-
 University Medical Center of Princeton Overview ~ Cagling,
» Building Heating,
« Current systems |
* Goals
* Depth
* Replace HRUs with GSHP/GHX

« Economic Analysis
* Implement Micro Steam Turbines
 Electrical Breadth

. Acoustical Breadth | A'_c(VMLtngaS_ D'LSM{V_VWL?M&S | #r_pb/ﬂntngas | D'LSM{Vnn_tng_es
+  Summary and Highlights « Reduction in outdoor air * Cross Contamination * Reduction in Energy Consumption * Cross Contamination
* Reduction in Energy Consumption * More Control Logic and Sensors « Enthalpy Recovered « Large Duct Work on Roof

« Appendices
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Fewer Heat Pumps in series provide large delta T mix into rest of flow
Decrease water flow on load side by percent of current

Preheat water going into heat pump in winter to decrease delta T

« Appendices




