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UNLV Greenspun Hall

Las Vegas, Nevada

project history

+»+Officially dedicated on December 2, 2008
+»*Classrooms and offices
++LEED Gold Certification

+»Two buildings sharing a central courtyard and
basement

+»Design Objectives: Innovation and efficient design

**represents a commitment and investment for the
future through its sustainable design and architecture
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[T existing systems
[ emngsyser: ] ++3 dedicated outdoor air AHU’s, 5 total

(pesigningthe system ) . *+Chilled Beam distribution = o
(TP ) Mechanical System _ Ty

i U,

m +#+(2) Carrier 19XR Centrifugal Chillers k | oldten

v System Description
w +#+(2) Marley Open Cell Cooling Towers
m +»*Basic Heat Rejection Loop and Load Loop
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[ mtroduction ] existing systems
Structural

w +»Concrete structure

W Other SyStemS +»Steel framing supports photovoltaic array

(pepthsummary ] **Foundation — spread and strip footers

(structuralBreadth ] *»Roof — Non composite deck on 7’ joist spacing

T Flectrical
C__asn ) **Photovoltaic array — 50,000 KWh’s/year

s»Lighting — 1.1 watts/ft?
+#+3 distribution panels — total = 2,200 amps
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([_tntroduction ] improving the system
([ existingsystems ] 3 Alternatives

Replace existing chillers w/ absorption chillers

Payback Analysis . .
Goal: Solar absorber array to drive generators
Depth Summary

( structuralbreadtn ) make a LEED Gold : .

: . Add chilled water storage to Alternative 1
[Lconstrucionereactn ) building better
m Add chilled water storage to existing system




Procedure

improving the system

+»*Load profiles taken from TRACE 700 calc

+»+Simplify the calculation
*Every month has a typical day
*Every typical day has a load profile and TMY data

+»*Used to calculate existing system (control) and
alternative’s annual regulated energy costs

Load Profile (August)
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. . Cooling Load (tons) vs. Hour/day
designing the system B

Project History 1087 [ 112
1087 | 112

+»Convert Load Profiles to KW'’s using chiller n e ae

Improvingthe System ’O 837 KW/ton 35.59 35.957
. 1522 | 156

Designingthe System X . 5.62 23.91 | 2463

* H :( . g 7.16 30.43 | 31.35
PaybackAnalysis *»*Use consumption and demand charges to calculate > :

3272 139.11 [ 143.31

~ 10:01- 11:00 [ 51.16 [ 46.: 43.46 184.76 [ 190.33
Depth Summary annual cost $35'000 11:01-12:00 | 52.37 | 47. 44.48 189.11 [ 194.81

12:01-13:00 | 5417 4602 195,63 | 20153
Structural Breadth Con ro' 13:01 - 14:00 | 58.39 | 52. 49.59 210.84 | 217.2

n " 14:01-15:00 | 60.19 | 54. 51.13 217.37 | 223.92
Construction Breadth ElectricCharge Summer All Other Periods 15:01- 16:00 | 60.19 | 54. 51.13 217.37 |223.92
On-Peak $0.10001 16:01-17:00 | 56.58 | 51. 48.06 204.32 21049

Conclusions 17:01- 18:00 | 53.57 | 48. 455 19346 | 199.29
Consumption Mid-Peak $0.0865 $0.06406 18:01- 19:00 | 34.31 | 31 [2914 3312 | 1239 |127.64

Q&A Off-Peak $0.06230 19:01-20:00 [ 1625 | 14. 138 | 15.69 | 58.69 | 60.46
20:01-21:00 | 13.84 | 12! 11.76 | 13.36 | 49.99 | 515

On-Peak $9.17 21:01-22:00 | 11.44 | 10 971 [1104] 413 | 4255
Mid-Peak $0.68 $0.50 F 100 [10.23 | 9: 185 | 8.69 | 9.88 | 36.95 | 38.07

26.08 | 26.87
Off-Peak $0.00

Existing Systems
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[ odcin ) designing the system B

M +#+(2) Single Effect Absorption Chillers
— **Solar absorber array
ST #(2) Back-up Boilers

Cremeean ) Alternative 1 ,
Lo

Absorption Absorption
Chiller Chiller




Alternative 1

designing the system

+»+Solar absorber array can sufficiently maintain the
hot water temperature needed to drive the
generators

++425 absorbers = 17,000 ft2

+»*Boilers only needed when the sun isn’t shining

+»+»System consumes natural gas instead of electricity

4/28/2009
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([ nrosuction ) designing the system
© ) Gas Firing Rate (CHF) of Boil

M *»Annual Regulated Energy Cost : :
De Chiller Output

Cremeean ) Alternative 1 _
(construction Breadth Generator Input = Boiler Output
s ) ¥ N

iler Input

11
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Alternative 1

designing the system

*»Regulated Energy Cost
+»Additional Pumping Cost

+»+Total Annual Operating Cost

$11,370
$3,760

$15,130

Natural Gas Cost Analysis

M

A

M

J

A

S

o

31

30

31

30

31

30

31

419
130

319

292

129

14.37

16.04

429

958

90.4

388

445.34

481.09

133.08

Cost/Therm

0.98

0.98

0.98

0.98

0.98

0.98

0.98

Cost/Month

128

942

88.9

381

437.84

472.99

130.84

30

30

30

30

30

30

30

Total/Month

158

124

119

41

467.84

502.99

160.84

Total

3103.24

Existing Pump Cost

8265.62

Additional Pump Cost

3760

Total System Cost

$15,128.86

4/28/2009

12



4/28/2009

([__introduction ) designing the system
M +#+(2) Single Effect Absorption Chillers
— **Solar absorber array
(e ] #(2) Back-up Boilers
m +»*Chilled Water Storage

Gremven ) Alternative 2

e Chilled 10AD
thiller chiller Storage AML's, FCU'S, and
( aen ] B

13



Designingthe System

Alternative 2

designing the system

+»+Sizing Strategy: assist absorber array during peak
loading to reduce the volume of the array

**Not economical to utilize thermal storage for non-
peak months

++900 ton tank, direct interface
1440 x S[ton — h]
Voal = Fomx AT
~76,000 gallons

**Reduced Solar Array

o _ v

Q

++290 absorbers

*»*Eliminates 135 absorbers and 5,400 ft2 of roof space

4/28/2009
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ioni Withe With Storage
Introduction d h i .
([_inwoduction ] esigning the system — —
Project History Hour J J A S Hour J d A
0:01-100 | 17.39 [ 17.91 | 19.33 0:01-1:00 | 100 [ 100 | 100
EIEESEEE 101_200 | 1087 | 112 | 12.08 1:01-2:00 | 100 [ 100 | 100
" 2:01-3:00 | 1087 | 112 | 12.08 2:01-3:00 | 100 | 100 | 100
B 1087 [ 11.2 | 12.08 3:01-4:00 | 100 | 100 | 100
Improvingthe System : : 869 | 896 T 4:01-500 | 100 | 100 | 100
. : 869 | 896 | 9. 5:01-6:00 | 100 | 100 | 100
Designingthe System Thermal Storage Charge/mscharge 01700 | 1522 [ 1567 [ 16 6:01-7:00 | 100 | 100 | 100
i ¥ 2391 | 2463 | 26 100 [ 100 [ 100
Payback Analysis v v 3043 3‘25 E 100 | 100
= 5 = 7 114331 54.6
100 139.11 [ 14331
Depth Summary | . S 2 79033 [205.33 E F .76 [90.33 [105.33
F ¥ .11[94.81
Structural Breadth A te rnatlve 2 K 154511 E0NE 5

21741 K : .63 [101.53]

63 [201.53
Construction Breadth : Ten : : : Sines
: 0 37 |223.92 [241.57 : N 123.92
Condusmns 37 |223.92 [241.57 N X ¥
¥ 13221049 | 227.07 X :00[ 93.46 [99.29 [114.99
Q& = ¥ ¥ .46 [ 199.29 | 214.99 | 177. .9 [127.64]137.69
_ .9 [127.64 [ 137.69 .69 60.46

X 20 :00[49.99[ 51.5

[20:01 - 21:00| 49.99 - [21:01 - 22:00f 41.3 [42.55

9 11 13 15 17 19 11 23 : L 22:01-23:00) 100
X 23:01-24:00 100

15
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Alternative 2

designing the system

*»Regulated Energy Cost
+»Additional Pumping Cost $1,880

$2,940

+»+Total Annual Operating Cost $17,645

Natural Gas Cost Analysis
M

Month

Days

31

31

Therm/day

5.1

419

158.06

129.86

Cost/Therm

098

098

Cost/Month

155.4

127.67

30

30

Total/Month

185.4

157.67

Total

4559

Existing Pump Cost

8265.62

Additional Pump Cost

4820

Total System Cost

$17,644.62

4/28/2009
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D

ngthe System

Alternative 3

designing the system

+»*Existing Centrifugal Chillers
+»+Chilled Water Storage
2 sizing strategies
ge /12 hour discharge

ge / 6 hour discharge

L A R PR TIR R VI TS

s

——uthea eitles

—Sumner Menttts

4/28/2009
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([ nrosuction ) designing the system S —

M ++12 hour charge, 12 hour discharge
2,900 ton tank, direct interface

- ~246,000 gallons

Cramsesn ) Alternative 3 | =
Q -

=&

1270/270[270[270)
1270/270[270[270)
1270]270[270[270]

%ﬁg

[ENN T PR VI TR I
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([__introduction ) designing the system
M +*+12 hour charge, 6 hour discharge :
1,800 ton tank, direct interface
~153,000 gallons

Cremsen] Alternative 3

il bt

T
NI

[ I I T EN PR PR VI -0

19



Designingthe System

Alternative 3

designing the system

++»12-hour discharge
Regulated Energy Cost $37,000

*»*6-hour discharge
Regulated Energy Cost $33,000

.48]42.79)

J
.38 [45.57]41
5 |0

.5 | 0.5

153,000 gal CostAnalysis
A J

J

.48]42.79]41

3.06

.64]158.28 [ 16!
5

4/28/2009
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designing the system

Additional First Cost
**Hoov ljﬁ Annual Energy Savings

Simple Fayb o< Calcul

Alternative 1 | Alternative 2
Additional First Cost 346,625

o 2 Additional Mai 6.000

g

»CO%crg Annual Savings 19,790

Payback Period 17.60

Alternative 1: 870,000 pounds less

Alternative 2: 655,000 pounds less

CO? Emssions (pounds)

Component

First Cost

|Additional First Cost

Annual

Control

Chiller
Chiller

Carrier 19XR
Carrier 19XR

63,000
63,000

Alternative 1

[Absorption Chiller
|Absorption Chiller
Boiler

oiler
Solar Absorbers (425)
Additional Pumps

Carrier 16LJ
Carrier 16LJ
RBI Futera XLF
RBI Futera XLF

B&G

103,000

103,000
52,000
52,000

225,625
4,000

346,625

Alternative 2

[Absorption Chiller
|Absorption Chiller
Boiler

Boiler
SolarAbsorbers (290)
1900 ton Storage Tank
|Additional Pumps

Carrier 16LJ
Carrier 16LJ
RBI Futera XLF
RBI Futera XLF

B&G

103,000
103,000
52,000
52,000
187,050
82,000
7,000

430,050

Alternative 3a

Chiller
Chiller

12,900 ton Storage Tank
|Additional Pumps

Carrier 19XR
Carrier 19XR

B&G

63,000
63,000
295,000
6,000

301,000

Chiller
Chiller
1,650ton Storage Tank

Carrier 19XR
Carrier 19XR

B&G

|Additional Pumps

63,000
63,000
240,000
6,000

246,000

4/28/2009
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Innovative and Energy
Efficiency

payback analysis

“The existing system achieved its design objectives
and achieved LEED Gold

s Alternative 1 - $73)0086}2 phajsarbayback

s»Alternative 2 — $1,6605125fabsqrndrack
chilled water storage

s»Alternative 3 - dlgllethuaitensitgage

J F

Control

M A M J J A S O N

Alternativel M Alternative 2

D

4/28/2009
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Roof System

depth summary

+»*Existing Roof Structure
Non-composite (2C 22)
5” depth
7 ft. spans

98 psf (Vulcraft)
7'1” max clearspan

Roof Loads

Description
Mech./Elec./Plumbing

Weight (psf)

Roof Mat

Slab/Deck (2C22)

Beams/Joists

Total

*»*Solar absorbers: 12.5 psf

+»*Reduce Joist Spacing
6’6”: 113 psf
Use 2C 22 at 6’ spacing

**Increase Deck Strength
2C20
127 psf
8’6” max clearspan

4/28/2009
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([ introduction ) structural breadth —
Strip Footer | 12"x 12" 259.26 .. 0.86
([_exstingsystems ) “*Thermal Storage Tanks e Ty =

CMU Wall 12"x 10ft. | 2169.60 0.00

— Mechanical Yard _ Formwork 2240 000
((oesigningthe system ) “*Calculation shows an extra 20-30 ft. needed . =

30ft. Extension | Wire Fabric 6x6 292.50 0.00
Cooling Cooling Formwork 28.80 0.00

i Cooling Cooling
Construction Breadth 22l i — DayE or Tore
: me 20 Extension | 30 ft. Extension
Conclusions -
013 015
&A Other

0.19
1
24

35

24
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([ nwoduction ] construction breadth

Existing Systems

(essmmesen] DO, OF NOT 0 do

+»+*Control lowest initial cost

Innovation and Energy

(rowecmss ] Efficiency
(_pepthsummary ) “*Alternative 1 most energy savings

v — heaviest roof load “Alternative 1 would not only achieve these goals,
([construction readtn ) $19,700 cost savings but exceed them”

&A :
_ +»Alternative 2 longer payback

larger mechanical yard

25
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[ iroduction conclusions
Project History
[etngsimens clnowledgements
xisting Systems
Improvingthe System
Dl EES & Advisors: Dr. Jar.n.es Freihaut
Dr. William Bahnfleth
Payback Analysis
Sponsors: Vanderweil Engineers
BeptSImmay State of Nevada Public Works

Structural Breadth

m PSU Students: Thomas Chirdon
Construction Breadth Scott Earley

m Special Thanks to: Bruce Nipp

Fred Livingston, Steve Germano,
and the rest of the
Vanderweil Las Vegas office
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