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e Case Study-University of Wyoming el
> Project Background
» Process
> Analysis
> Implementation

e Review Technical Aspects of
Thermal Energy Storage Systems
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University of Wyoming 8 WY OMING

General Campus Statistes Tl

e Founded in 1886
 Located in Laramie Wyoming

e Student Enroliment-9,500 |
(Laramie) - 14:1 Student/Faculty :'
~Ratio

« Buildings on Steam-87 (6.0M sqft) %ﬁ‘
» Buildings on CHW-29 (1.8M sqft)
* 400 Division 1.Student Athletes
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niversity of Wyoming

Laramie Design Conditions
e 7,200' Above Sea Level
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Campus Cooling | U%\\//l&)ﬁ%;\é

Campus Cooling Statistics
e Central Energy Plant (CEP)
* (2) Water Cooled Chillers
e 2,400 Tons of Chiller Capacity P b By
e Variable Primary CHW Pumping ﬂnﬁ‘@gﬁ _—k T A | S
* Current Peak Load-1,600 Tons . §§§’€igﬂ§§; fﬁ%: %j " (R X
* (2) Plate and Frame Hydronic ﬁ” %;,:.}gﬁ*”-—t - e [ 4N
Economizers ~ 1,000 T | o

* 6 months of “Free Cooling”

e 525 HP of CHW/CW Pumpmg
Capacity

e 29 Connected Buildings

B iy
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Campus Cooling b WO MING
e 0
Campus Cooling Statistics ILHA
e District Cooling System
e Supplies 1/3 of Campus Area
e Combination of Direct Buried [
and Tunnel Piping -
e 14” CHWS/R Mains

* 17,000’ of CHW Distribution
* 200,000 gallons ‘
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Campus Cooling S AT

: : GLHN
Annual Cooling Load Profile

EXISTING CHILLED WATER LOAD/WEATHER COMPARISON

Peak 5-Year Average Wet Bulb Temperatures

-Existing Campus Load
DB Temp (F)

WB Temp (F)

WB Cutoff

1/1
1/31
3/2
4/2
512
6/2
7/2 9
8/2
9/1
10/2
11/1
12/2
1/1
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Campus Cooling SRV

Monthly Cooling Load Profiles sLHR

EXISTING AVERAGE CHILLED WATER LOAD BY MONTH
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s |
. . FLHN
Lo q d P rOJ e C tl o n s ARCHITECTS & ENGINEERS, INC

CHILLED WATER LOADS & CAPACITY
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Projected Major Growth Area
* North-West Campus-Project Focus [

* North-East Campus



Presenter
Presentation Notes
FS
Keep Walking Campus
Academia wants to be close to administration
Possibility of dormitories on west campus


ooling Options

ooling Options Available

e Evaporative Cooling

e CEP Expansion
Increased Distribution
Another Chiller Plant
Thermal Energy Storage
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Cooling Options b . WV OMING

EEEEEEEEEEEEEEEEEEEEEEEE

West Campus Evaporative vs Chilled
Water Cooled Facilities

e Large Ductwork

e Tall Floor to Floor Heights

o Difficult with Retrofits
 Humidity

* 58F Discharge Air Temp
 Continuous Maintenance of RO

KEY
=r — @ CHILLED WATER COOLED

EVAFPORATIVELY COOLED
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CHW Flow Analysis-Existing vs. 30 Year Projected
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CHW Flow Analysis-Various Solutions
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Cooling Options
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CEP Expansion

&
z
@]
=
<<
V]
Z
]
=
=
=
w3

(CHILLER ADDITION)

CEP-C1
390S.F,

@ CEP-C2_ ISOMETRIC VIEW

ISOMETRIC VIEW

CEP-C1
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West Campus Plant

A 0w

§ e

WCE-C2 ISOMETRIC VIEW

{

5 SAT-1 ISOMETRIC WIEW



Presenter
Presentation Notes
FS


UNIVERSITY
or WY OMING

GLHN

ARCHITECTS & ENGINEERS, INC

Site Comparison

Site Comparison Matrix

COMPARISION Site Options . :
P COMPARISION Site Options
tem [sat-1]North of Agriculture Burequ of Mines . .
item SAT-1 |North of Agriculture Bureau of Mines
AD Site Focts Create views to new landscaped areas Create views to exisfing landscaped are
L B14 Views 1 ssible. 1 ible. \
Site is limited, plont consiructed between po © gs possible
Al Area 2 Site area s flexible af this location 0 existing bidg. ond electricol fransformers — |
A2 Adjocent Bldgs 1 V] co Utilities ‘
Existing bldgs about the same helght as Cl Tunnels 0 Existing fo Eand S of Bldg 0 Existing to the 5 of bldg entering Bofh
A3 Adjpcent His -1 Bdsling bldas higher than plan T mplant. Fed from existing west campus substa Fed from existing west campus substation
Mo adverse impact with plonned open c2 Electric o tion 11300 1] 1 (500f]
Ad Open Space 2 Works with plonned open spoce 1 spoce 3 Gas a Avall in Lewis a e
Existing bldgs GdjaF |_En' lock architec- C4 Steam 1 10" Avail, Close o site 0 10" Awail, 450 it to site
i IS i I 5 L ) st Chilled water lines Mew line required in Lewis New line required in Lewis ‘
constructed on east and north are Existing bldgs newer and older and fit with ™ . " Y
) . . ) Cé Sewer 0 2-10lines gvail. 0  8'line avail.
AS oric context 1 compatiole with the campus guidelines architectural context of existing compus. = : T ; \
Engineering and Agriculture - Exterior c7 Storm water 0 10" line avail. 0 12'lines avail.
Al Maleriols 1} o systerm | Bureau of Mines - Sandstene and Brick c8 Water 0 10"line avall 0 g'line avail
earing and Agricullure ore mono- Bureau af Mines delails rellec! the older c? Data 0 Aovail, 0 Avail,
AT Forms/Visval image 0 lithic and genaric in form 1 campus bldgs.
[:0] Site Environment L Enyh ial |
Tom T e e e e Previous Uses Previous developed areq, some sub Demclition of existing structure some
Bl Drainage | fopography 0 oge 0 Mo or minimal impoct to existing droinage ]} -1 surface features may be present -1 known and unknown conditions,
B2 Wind D2 Archeology 0  MNone known 0 Mone known
Toword Lewis Stfvehicles, pedestrians, Toward Lewls Stivehicles, pedestrians, less D3 Contamination 0 Mone known 0 None known
B3 Cooling lewer drifl -1 Anthropology 1 impact al this lecation
Possible intakes impact on Anthrepelo- EO Access/Traffic
B4 Intoke 2 ay 0 NoneEnawn El Vehicular
B3 Exhoust
Bé Solor access 1 Mestly shaded in winter months | Solor eccess throughout the year E2 Service 2 Service access on 2 sides of structure 2 Service access on 2 sides of structure ‘
Two story plant doas nol allow roam far Two stary plant doss not allow roam lar E3 Maintenance 2 Maintenance sasily accessible 1 mMaintenance accessible ‘
B7___ Solorenergy producfion 0 solar panels on roof 0 solar ponals on roof Ed Waste/Trash 1 Waste/Trash in close proximity 1 Waste/Trash in close proximity \
=E:] Daylighting 2 Good potantial for davlighting focilify 2 Good potentiol fior doviighiing facility E5 Bicycles ] Area available for biC\"C s [:lﬂl‘kiﬁq 1 Area ﬂ\fcilﬂble fOI’ biCY\ﬂB pc:rk"lnq ‘
B? Qrientation 2 Mo significant orientation issues 2 Mo sggnificant orentafion isswes " N dd i 5 i
with bidg, directly adjacent to existing Pedestrian Adequate access and does not im- Adequate access an oes not impede ‘
Seporated bldg. minimizes impoct to structure sound attenuation will ke re Eé 1 pede curent circulation 1 cumrent circulation
BID Nolse Internal/external 0 adiocent structures 1 auired. On-site parking Limited space for an-site parking but par-
il Future development E7 | Adequate space for on-site parking 0  dlel parking ovaiable on the street | ‘
(|
BIZ Em Generater/Fuel Tank 1 Adequaote gte area or locoted on rogf 0 Adeguate site areq or locoted on roof I 1 12 !
Tota
Bl3 CoGean I Adeqguate gte area or locoted an roof 1] |
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Life Cycle Cost Analysis-Basic Steps

* Facility Condition of Existing System (Equipment, Distribution, Efficiencies)
* |dentify Campus Loads (Current and Projected)
 Determine Potential Options
e |dentify 30 Year Costs
e Capital-New and Renewal, Equipment, Distribution
o O&M-Utility, Labor, Taxes, Fees
e Compare Performance
e Determine Cost of Financing
 Generate Cash Flow Diagrams
e Compare Net Present Value
* |dentify Intangibles
« Perform a Sensitivity Study 3 — =

EEEEEEEEEEEEEEEEEEEEEEEE
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e UNIVERSITY
Analysis Results 8 . WY OMING

2016 Proposed Solution

* New Heating Plant on West Campus

e Chilled Water Thermal Storage on
West Campus
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Visually Acceptable?
 Overall Architectural Design
e Scale
e Existing Views
e Integration with Masterplan
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Architectural Design OLHN
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UNIVERSITY
Appearance 3 . W YOMING

Compare Costs and Acceptable Solutions e

e 2018 Exterior Design Advisory Committee
e Architectural Design
* Location —— - — — —
» Future Vision of the University I g Al (oo

QRIS PREVIOUS =N
RERRENEE, PROPOSED NSRS
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Concept of TES-Pros
 An Energy Storage System
o Utilize Existing Infrastructure
 Advantageous To:
e Nighttime Wetbulb Depression
 Electric Rate Structure
e Full Load Efficiency
o Flexibility in Plant Operations
e Firm Capacity
* Reduction in Equipment Capacity
Requirements
 Reduced Emissions at Electric Utility
» Possibility of Fire Water Storage f fhoceas
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Concept of TES-Cons
o Size of Tank
e Tank Appearance
 Importance of Chemical Treatment

e PH, Corrosion Protection,
Biological Control

System Pressure Control
Importance of System DT
TES Tank Design |

e Insulation

 Diffuser Design
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° ° ® 3LH'~.
Engineering Design

5 YEAR PROJECTED AVERAGE MARCH LOAD PROFILE-TES OPERATION

* Project Chilled Water Hourly Load Profile b

e Determine “Free” vs “Chiller” Cooling Hours -
Identify Associated Costs
Daily ton-hour Production/Storage Requirements

o
= B

COOLING TONS

AVERAGE JUNE DAY ’ S B T
&F b, S o vS ¥ ot o T T T T T T T T T p < y 0
D S G S S A S S S G S S

On-Peak Rates Apply ~.

< : 30 Year Projected Daily Load Profile 7

N & 30 YEAR PROJECTED AVERAGE JUNE LOAD PROFILE-TES OPERATION
Average Daily Wet Bulb Temperature 3,750
E | 3,500
§ ) | 3,250 B CHILLED WATER LOAD
> : > oy 2,000 M CHILLER OPERATION
Wet Bulb Cutoff for Hydronic Ecomomizer o Ir :
E 2,750
‘ 2
CEP Installed Capacity ; EREET
e, 2 2,750
5 2,000 B
CEP Fimm Capacity -
P S 1,500
1,250
Existing Load
1,000
5 Year Projected Load 750
30 Year Projected 500
Load
— = Installed Capacity 2D
: 3 ¥ : $ 3 ¥ : 3 ¥ 3 3 f ¥ T : : T T : ¥ ®t % °
——Fim Capacity
o o o =] o gg“\!‘s}w!‘@\5\:i\vg&v\‘k\\S‘}é‘?é‘qé\qéqwi\q&q@qé‘qéQ®Q®Q®Q@q@
2 ? § § § § é § § § 2 @ ; § § § § § § § 38; § ; e A &
— —

£ £ £ K K § £ & : LN SN ) Q7 & !
,\”'\/ 500 BT R 9T BT AT T gf ,\fb .\"\/ {b N BT T 6T 8T AT @7 gf \Q .¢,
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Tank Diameter (Ft) P L H p.
[ ] [ ] [ ) 55 60 65 70 75 80 J
E n I n e e rl n D e s I n 100| - $2.67M $3.17M $3.72M $4.32M $4.96M $5.64M | ARCHITECTS & ENGINEERS, , INC
g g g 95 | - | $2.53M | $3.01M | $3.54M | $4.10M | $4.71M | $5.36M

90 | - | $2.40M | $2.86M' | $3.35M | $3.89M | $4.46M | $5.08M

° 85 - - 2.70M 3.16M 3.67M 4.21M 4.79M
e Size Tank g T
—| 80| - - $2.57M $2.98M $3.45M $3.97M $4.51M
% 75 - - - $2.79M $3.24M $3.72M 54.23M
| 70 - - - 2.61M 3.02M 3.47M 3.95M
o System DT : BLGIM | S30M | $347 | §
S| 65| - - - - $2.81M | $3.22M | $3.67M
60 | - - - - $2.59M | $2.97M | $3.38M

* Tank Height to Diameter Ratio-Efficiency

 Diffuser Design-Thermocline Efficiency (2-10’)
e Determine Required Volume e ———————
e Determine Tank Cost (S1.50/gal) N m—|

Warm Water to Cooler

Thermocline | -

== Cool Water Return I |

ST e - S—— = ‘ IJ_--_]
. & Diffuser
— | I | e N R | — i
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® (] (] GLHp.
Engineering Design

14" CHW RETUEM 147 CHW SUPPLY
TOFROM C/FROM
CAMPUS CAMPUS

PRESSURE PRESSURE
SUSTAINING SUSTAINING
VALME VALKE

!LI—

=
| - A1
Ll S THYE I 5 ] Vo TV T
kv [ - 5 e I}
D = :) O
o o
AT —=p B a2
G |— . o
o o
AT —=p B A
v o
B AITT > (.D A Al =]
L | E L 1
- =
t 1 t 1
o o
B A —o—= 1.5 GAL WELDED STEEL THERMAL STC BT = 1,50 GAL WELDED STEEL THERMAL STORAGE
YITH UPPER AND LOWER DIFFUSERS TANK WITH UPPER AND LOWER DIFFUSERS,
o NG-THREE COAT. TWO REDUCED PRESSURE [ INTERIOR COATING-THREE COAT, TWO REDUCED PRESSURE
3 o T EPCIRY, EXTERIOR-PRIME CO0AT BACKFLOW PREVENTER 3 COMPOMENT EFOXY. EXTERIOR-FRIME COAT BACKFLOW PREVENTER |
WITH RIGID INSULATION BOARD WITH WAPOR ASSEMBLY W ||’; - WATH RIGID INSULATION BOARD WITH VAPOR ASSEMBLY
3 BARRIER AND ALUMINUM JACKETING £ MAAKELP ) BARRIER AMD ALUMIMUM JACKETING £ MAKELP
L3 | WATER Ly o mian| WATER
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e Upsize (1) Chiller at Existing CEP
e 20 Deg F Coil Requirements
11,000 Ton-Hr Tank

e 1.8M Gallon

‘« 15" Tank Burial Depth

« Northern Location-

e Pumps Integral to New HW Plant
e Minimal Distribution Upgrades
 Groundbreaking Summer 2019
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Thank You!

Open Question Session

Contact Information

Frosty Selmer: FselmerQuwyo.edu
Bill Koller: Bkoller@glhn.com
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