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ABOUT BUTLER UNIVERSITY
-

 Private Institution —
Indianapolis, IN

* Foundedin 1855

* Current campus
since 1928

6 colleges

* 300 acres
e 3.1M+ square feet
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THE EXISTING PLANT

e Existing plant:

— 1800 tons, 3 water
cooled chillers in
Jordan Hall

— 700 tons, 2 air cooled
chillers in ResCo

e 10 buildings, 1.045Msf
served
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EXISTING CHALLENGES
E

* “Not enough capacity to cool buildings”
* Chilled water flow issues
* No year-round cooling capability

* Equipment past median expected service life
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PROJECT DEVELOPMENT

* 2 new capital projects
* Existing cooling capacity

* Existing plant operational
issues

e Challenges in hiring
maintenance staff

* Pressure to reduce
operational costs

 Campus cooling needs
during construction

* Central plant location
— Existing building
— Heart of campus
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PROJECT STUDY- FINDINGS

* Central plant vs. stand
alone

e Central plant more cost
effective

* Project funding
— Capital projects
— Deferred maintenance
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PROJECT DETAILS
L

Project Budget & Team Unique Project Components
« $6.6M total project cost * Technology

. A ive C t ti — 3D point cloud survey, Revit
ggressive Lonstruction — BIM Modeling and Navisworks

Schedule coordination

— AR Construction Assistance

* Heapy Engineering — MEP —  BIM/CMMS Integration

Design . : :
5 * QOperational Considerations
* Pepper Construction —- — Delta T control issues
CM — Switch to open controls platform
. . — Automated plant operation control
« Browning Day Mullins  chedire plant op

Dierdorf — Architecture _ Cooling tower wall

* CE Solutions — Structure * Chiller selection
— Pre purchase bid package
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PROJECT DETAILS

* New plant:

— 2700 tons, 3 water
cooled chillers in
Jordan Hall

— 700 tons, 2 air cooled
chillers in ResCo

e 11 buildings, 1.2Msf
served
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TECHNOLOGY - CONSTRUCTION
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TECHNOLOGY - CONSTRUCTION
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EXISTING PLANT ISSUES
-

— Majority of plant — No year-round
controlled in hand operational capabilities

e |ssues ldentified:

— Low deltaT issues (often — Noise concerns
as low as 3-4°F) — Energy Efficiency a goal
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DESIGN— AT FLOW CONTROL
L

* Low AT issues can be * Low AT causes
cause by numerous increased pump energy
sources: usage due to increased
— Aging cooling coils or flow required
improperly selected coils AT degradation over
— Three-way valves time is inevitable in

(bypassing water) large CHW plants and

must be addressed over
time

— Control valve issues
(over-flowing coils)
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DESIGN - AT FLOW CONTROL

RESCO MOTORIZED SHUTOFF VALVE.

MANUAL SHUTOFF MAY BE PROVIDED IN

LIEU OF THIS MOTORIZED SHUTOFF VALVE

AT ALL CAMPUS BUILDINGS EXCEPT RESCO. e S -
— PRESSURE NDEPENDENT CONTROL VALVE

/  EQUAL TO TA FUSION-P TO CONTROL TO

NEW | EXIST

,l' BUILDING 4T (ADJ ). INTENT IS THAT THE e - - - = Y
UNI/ERSITY WILL BE ABLE TO MANUALLY
ADJUST THE SETPOINT OF THE AT FROM THE
CAMPLE BAS FRONT END, TO INCREASE OR
DECREASEAS BUILDING NEEDS DICTATE

CHS SENSOR CONNECTED
TO BTU MONITOR AND EAS—;

[ FULL SIZED BYPASS

Sl T ?
: %?@Tﬁ -------- g |

|
! ! CHS SENSOR CONNECTED |
|
I

5 4 5 4 COMBINING THESE FUNCTIONS MAY A L O1BTUMONTOR AKD 845

ALSO BE PROVIDED UNDER
ALTERNATE #11. BELMO ENERGY
VALVE OR APPROVED EQUAL

! BTUH METER —/_

ALL NEW PIPING AT EACH BUILDING

But wait, won’t this cause
discharge air temperature
issues leading to space temp
loss, humidity issues, etc.?
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DESIGN— AT FLOW CONTROL
R

A T Benefits:
* Decouples buildings e |dentifies “Problem”
— Isolates issues Buildings
— Gives operator control — Helps owner identify
over “problem” buildings which buildings are good
which negatively affect candidates for AHU
the plant, thus the replacements,
whole campus pump/flow building

studies, etc.
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PREPURCHASE BID PACKAGE

e Chillers

— Lead times for chillers
impacted project schedule

— Multiple manufacturers’
selections evaluated

— Manufacturers were given __#¢
flexibility to bid their best | ¥
options o

e Controls
— “Parts and Smarts”

— Chiller Plant Optimizer
“CPO10” by JCl was
purchased
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CHILLER BID EVALUATION

Chiller Plant Comparison

Mo Heat Exchanger = Heat Exchanger
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Annual Electricity Cost(S)

$100,000

550,000
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W Chiller  ®Cooling Tower M Pump
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CHILLER BID EVALUATION
I

Alternatives by Electricity Cost
Option . Refrigerant .. Plant Capacity | Total Electricity
Alternative Name HX ) . Description
No. Migration (tons) Cost ($)
3 JCI 3 x 900 ton chillers 2700 S 140,868
4 JClw/ FC X 3x 900 ton chillers 2700 S 118,800
2 Manuf. A Efficiency X 5x 520 ton chillers 2600 S 125,269
5 Manuf. Bw/ RM X 2 x 1000 ton chillers, 1 x 600 ton chiller 2600 S 161,929
6 Manuf. B X 2 x 1000 ton chillers, 1 x 600 ton chiller 2600 S 135,311
1 Manuf. A Value X 4 x 650 ton chillers 2600 S 142,965
8 Manuf. B 4160V X 2 x 1000 ton chillers, 1 x 600 ton chiller 2600 S 138,611
7 Manuf. B 4160V w/ RM X 2 x 1000 ton chillers, 1 x 600 ton chiller 2600 S 165,420
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 Carrier Curves

		Butler - Carrier - Best Value Curve										Butler - Carrier - Best Eff Curve

		Number of Chillers		4								Number of Chillers		5

		Chiller Capacity (tons)		650								Chiller Capacity (tons)		520

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.576		374.4				100%		85		0.568		295.36

		75%		85		0.57		277.875				75%		85		0.512		199.68

		50%		85		0.643		208.975				50%		85		0.494		128.44

		25%		85		0.948		154.05				25%		85		0.602		78.26

		15%		85		1.477		144.0075				15%		85		0.777		60.606

		Butler - Carrier - Best Value AR 										Butler - Carrier - Best Eff AR 

		Condenser EWT (°F)		85								Condenser EWT (°F)		85

		Efficiency @ 85°F (kW/ton)		0.576								Efficiency @ 85°F (kW/ton)		0.568

		Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

		80		5		0.525		8.85%				80		5		0.498		12.32%

		75		10		0.485		15.80%				75		10		0.44		22.54%

		70		15		0.453		21.35%				70		15		0.395		30.46%

		65		20		0.425		26.22%				65		20		0.353		37.85%

		60		25		0.403		30.03%				60		25		0.314		44.72%

		55		30		0.379		34.20%				55		30		0.279		50.88%







JCI Curves

		Butler - JCI - Curve										Butler - JCI - Curve - Modified

		Number of Chillers		3								Number of Chillers		3

		Chiller Capacity (tons)		900								Chiller Capacity (tons)		900

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.5458		491.22				100%		85		0.5458		491.22

		90%		85		0.5253		425.493				90%		85		0.499		404.19

		80%		85		0.5073		365.256				80%		85		0.457		329.04

		70%		85		0.5035		317.205				70%		85		0.428		269.64

		60%		85		0.5041		272.214				60%		85		0.403		217.62

		50%		85		0.5107		229.815				50%		85		0.434		195.3

		40%		85		0.5264		189.504				40%		85		0.474		170.64

		30%		85		0.5669		153.063				30%		85		0.539		145.53

		20%		85		0.7019		126.342				20%		85		0.685		123.3

		Butler - JCI - AR 										Butler - JCI - AR Modified

		Condenser EWT (°F)		85								Condenser EWT (°F)		85

		Efficiency @ 85°F (kW/ton)		0.5458								Efficiency @ 85°F (kW/ton)		0.5458

		Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

		80		5		0.4922		9.82%				80		5		0.4741		13.13%

		75		10		0.4437		18.71%				75		10		0.4122		24.47%

		70		15		0.3966		27.34%				70		15		0.3533		35.27%

		65		20		0.3532		35.29%				65		20		0.2995		45.13%

		60		25		0.3128		42.69%				60		25		0.2514		53.94%

		55		30		0.2759		49.45%				55		30		0.2066		62.15%

		50		35		0.2419		55.68%				50		35		0.1714		68.59%

		45		40		0.2226		59.22%				45		40		0.1575		71.15%

		40		45		0.2195		59.78%				40		45		0.1603		70.63%

		39		46		0.2192		59.84%				39		46		0.1601		70.66%

		38		47		0.2192		59.84%				38		47		0.1599		70.70%

		37		48		0.2195		59.78%				37		48		0.1597		70.74%

		36		49		0.22		59.69%				36		49		0.1596		70.75%





Trane Curves - Old

		Butler - Trane - Base Curve										Butler - Trane - Alt 1, 1000 Curve										Butler - Trane - Alt 2 Curve

		Number of Chillers		2								Number of Chillers		2								Number of Chillers		2

		Chiller Capacity (tons)		1300								Chiller Capacity (tons)		1000								Chiller Capacity (tons)		1300

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.5442		707.5				100%		85		0.5145		514.5				100%		85		0.5285		687

		90%		81		0.4714		551.5				90%		81		0.4611		415				90%		81		0.4626		541.3

		80%		77		0.4113		427.8				80%		77		0.4110		328.8				80%		77		0.4052		421.4

		70%		73		0.3604		328				70%		73		0.3590		251.3				70%		73		0.3552		323.2

		60%		69		0.3137		244.7				60%		69		0.3148		188.9				60%		69		0.3083		240.5

		50%		65		0.2760		179.4				50%		65		0.2734		136.7				50%		65		0.2714		176.4

		40%		65		0.2765		143.8				40%		65		0.2833		113.3				40%		65		0.2727		141.8

		30%		65		0.2956		115.3				30%		65		0.3047		91.4				30%		65		0.2928		114.2

		20%		65		0.3454		89.8				20%		65		0.3595		71.9				20%		65		0.3435		89.3

		10%		65		0.4815		62.6				10%		65		0.4950		49.5				10%		65		0.4769		62

												Butler - Trane - Alt 1, 600 Curve

												Number of Chillers		1

												Chiller Capacity (tons)		600

												Percent Load		Condenser EWT (°F)		kW/ton		Power

												100%		85		0.5370		322.2

												90%		81		0.4743		256.1

												80%		77		0.4188		201

												70%		73		0.3688		154.9

												60%		69		0.3236		116.5

												50%		65		0.2807		84.2

												40%		65		0.2892		69.4

												30%		65		0.3128		56.3

												20%		65		0.3625		43.5

												10%		65		0.4917		29.5





Trane Curves

		Butler - Trane - Base Curve										Butler - Trane - Alt 1, 1000 Curve										Butler - Trane - Alt 2 Curve										Butler - Trane - Alt 1, 1000 4160V Curve

		Number of Chillers		2								Number of Chillers		2								Number of Chillers		2								Number of Chillers		2

		Chiller Capacity (tons)		1300								Chiller Capacity (tons)		1000								Chiller Capacity (tons)		1300								Chiller Capacity (tons)		1000

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.5442		707.5				100%		85		0.5145		514.5				100%		85		0.5285		687				100%		85		0.5123		512.3

		90%		85		0.5097		596.3				90%		85		0.5020		451.8				90%		85		0.5005		585.6				90%		85		0.5077		456.9

		80%		85		0.4937		513.4				80%		85		0.4894		391.5				80%		85		0.4856		505				80%		85		0.5094		407.5

		70%		85		0.4844		440.8				70%		85		0.4921		344.5				70%		85		0.4766		433.7				70%		85		0.5171		362

		60%		85		0.4918		383.6				60%		85		0.5085		305.1				60%		85		0.4842		377.7				60%		85		0.5298		317.9

		50%		85		0.5185		337				50%		85		0.5390		269.5				50%		85		0.5117		332.6				50%		85		0.5710		285.5

		40%		85		0.5560		289.1				40%		85		0.5800		232				40%		85		0.5506		286.3				40%		85		0.6055		242.2

		30%		85		0.6215		242.4				30%		85		0.6507		195.2				30%		85		0.6177		240.9				30%		85		0.6763		202.9

		20%		85		0.7473		194.3				20%		85		0.7795		155.9				20%		85		0.7427		193.1				20%		85		0.8005		160.1

		10%		85		1.0723		139.4				10%		85		1.1000		110				10%		85		1.0577		137.5				10%		85		1.0970		109.7

												Butler - Trane - Alt 1, 600 Curve																				Butler - Trane - Alt 1, 600 4160V Curve

												Number of Chillers		1																		Number of Chillers		1

												Chiller Capacity (tons)		600																		Chiller Capacity (tons)		600

												Percent Load		Condenser EWT (°F)		kW/ton		Power														Percent Load		Condenser EWT (°F)		kW/ton		Power

												100%		85		0.5370		322.2														100%		85		0.5320		319.2

												90%		85		0.5222		282														90%		85		0.5217		281.7

												80%		85		0.5258		252.4														80%		85		0.5269		252.9

												70%		85		0.5386		226.2														70%		85		0.5350		224.7

												60%		85		0.5489		197.6														60%		85		0.5506		198.2

												50%		85		0.5727		171.8														50%		85		0.5727		171.8

												40%		85		0.6183		148.4														40%		85		0.6242		149.8

												30%		85		0.6856		123.4														30%		85		0.6928		124.7

												20%		85		0.7942		95.3														20%		85		0.8242		98.9

												10%		85		1.2383		74.3														10%		85		1.2483		74.9

		Butler - Trane Base AR 										Butler - Trane Alt 1, 1000 AR 										Butler - Trane Alt 2 AR 										Butler - Trane Alt 1, 1000 AR 

		Condenser EWT (°F)		85								Condenser EWT (°F)		85								Condenser EWT (°F)		85								Condenser EWT (°F)		85

		Efficiency @ 85°F (kW/ton)		0.5442								Efficiency @ 85°F (kW/ton)		0.5145								Efficiency @ 85°F (kW/ton)		0.5285								Efficiency @ 85°F (kW/ton)		0.5123

		Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

		80		5		0.5164		5.11%				80		5		0.4785		7.00%				80		5		0.5014		5.11%				80		5		0.4764539359		7.00%

		75		10		0.4769		12.37%				75		10		0.4341		15.63%				75		10		0.4631		12.37%				75		10		0.4322437901		15.63%

		70		15		0.4437		18.47%				70		15		0.399		22.45%				70		15		0.4308		18.47%				70		15		0.3972938776		22.45%

		65		20		0.4331		20.42%				65		20		0.3699		28.10%				65		20		0.4206		20.42%				65		20		0.368318309		28.10%

		60		25		0.4325		20.53%				60		25		0.3698		28.12%				60		25		0.4200		20.53%				60		25		0.3682187366		28.12%

												Butler - Trane Alt 1, 600 AR 																				Butler - Trane Alt 1, 600 AR 

												Condenser EWT (°F)		85																		Condenser EWT (°F)		85

												Efficiency @ 85°F (kW/ton)		0.5370																		Efficiency @ 85°F (kW/ton)		0.5320

												Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction														Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

												80		5		0.4871		9.29%														80		5		0.4825646182		9.29%

												75		10		0.4478		16.61%														75		10		0.44363054		16.61%

												70		15		0.4051		24.56%														70		15		0.4013281192		24.56%

												65		20		0.3705		31.01%														65		20		0.3670502793		31.01%

												60		25		0.3436		36.01%														60		25		0.3404007449		36.01%





Chiller Info

				Butler - Carrier -Best Value		Butler - Carrier - Best Eff 		Butler - JCI		Butler - Trane - Base 		Butler - Trane - Alt 1, 1000		Butler - Trane - Alt 1, 600		Butler - Trane - Alt 2

		Chilled Water Temp

		Design Entering (°F)		53.97		53.97		54		53.95		53.95		53.95		53.95

		Design Leaving (°F)		44		44		44		44		44		44		44

		Difference (°F)		9.97		9.97		10		9.95		9.95		9.95		9.95

		Pressure Drop (ft. wg.)		16.3		26.4		13.8		27.18		19.41		17.63		23.06

		Primary CHW Pump (ft. wg.)		26.3		36.4		23.8		37.18		29.41		27.63		33.06

		Secondary CHW Pump (ft. wg.)		100		100		100		100		100		100		100

		Condenser Water Temp

		Design Entering (°F)		85		85		85		85		85		85		85

		Design Leaving (°F)		94.29		94.31		94.3		94.32		94.26		94.3		94.28

		Difference (°F)		9.29		9.31		9.3		9.32		9.26		9.3		9.28

		Minimum Operating (°F)		55		55		36		65		65		65		65

		Pressure Drop (ft. wg.)		16.9		23.6		9.96		34		21.18		17.71		34

		Condenser Water Pump (ft. wg.)		66.9		73.6		59.96		84		71.18		67.71		84

		Heat Exchanger Info

		Number of Chillers		4		5		3		2		2		1		2

		Hx Pressure Drop per Chiller (ft. wg.)		7.5		6		10		15		11.54		6.92		15





Results Summary

		Alternatives by Electricity Cost

		Option No.		Alternative Name		HX		Refrigerant Migration		Description		Plant Capacity (tons)		Total Electricity Cost ($)														112562

		3		JCI						3 x 900 ton chillers		2700		$   140,868														472382

		4		JCI w/ FC		X				3 x 900 ton chillers		2700		$   118,800

		2		Manuf. A Efficiency		X				5 x 520 ton chillers		2600		$   125,269

		5		Manuf. B w/ RM				X		2 x 1000 ton chillers, 1 x 600 ton chiller		2600		$   161,929

		6		Manuf. B 		X				2 x 1000 ton chillers, 1 x 600 ton chiller		2600		$   135,311

		1		Manuf. A Value		X				4 x 650 ton chillers		2600		$   142,965

		8		Manuf. B 4160V 		X				2 x 1000 ton chillers, 1 x 600 ton chiller		2600		$   138,611

		7		Manuf. B 4160V w/ RM				X		2 x 1000 ton chillers, 1 x 600 ton chiller		2600		$   165,420

								Note: increased pump energy due to constant volume condenser water pump for no HX options.  HX is modeled as variable volume, depends on if maintenance department is ok with that (more cleaning)



Heat Exchanger

No Heat Exchanger

$140,868

$118,800

$165,420

$125,269

$161,929

$135,311

$138,611

$142,965




CHILLER BID EVALUATION

Alternatives by Electricity Cost
Yearly Additional 30-year First Cost Simple
Option . First Cost Bid .. Electrical Cost| Lifetime Savings vs. Payback vs.
HX Alternative Name Electricity . L. . . .
No. ($) Cost ($) From Baseline| Additional | Baseline Bid Baseline

($/year) Cost ($) ($) (vears)

3 JCI S 822,024 | S 140,868 | S 22,068 | S 662,039 | S 179,000 8.1
4 X [J)Clw/FC S 1,001,024 [ S 118,800 | S - S - S - -

2 X Manuf. A Efficiency S 996,500 | S 125,269 | S 6,468 | S 194,051 | S 4,524 0.7
1 X Manuf. A Value S 866,500 | S 142,965 | S 24,165 | S 724,938 | S 134,524 5.6
5 Manuf. Bw/ RM S 824,000 | S 161,929 | S 43,129 | S 1,293,859 | S 177,024 4.1
6 X Manuf. B S 929,000 | S 135,311 | S 16,510 | S 495,314 | S 72,024 4.4
8 X Manuf. B 4160V S 919,000 | S 138,611 | S 19,811 | S 594,339 | S 82,024 4.1
7 Manuf. B4160Vw/RM [ S 814,000 | S 165,420 | S 46,620 | S 1,398,608 | S 187,024 4.0

Baseline

Simple payback forinstalling waterside economizer HX
Lowest First Cost (Contractor selected option in competitive bid environment)

Building a More Resilient and Sustainable Society




 Carrier Curves

		Butler - Carrier - Best Value Curve										Butler - Carrier - Best Eff Curve

		Number of Chillers		4								Number of Chillers		5

		Chiller Capacity (tons)		650								Chiller Capacity (tons)		520

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.576		374.4				100%		85		0.568		295.36

		75%		85		0.57		277.875				75%		85		0.512		199.68

		50%		85		0.643		208.975				50%		85		0.494		128.44

		25%		85		0.948		154.05				25%		85		0.602		78.26

		15%		85		1.477		144.0075				15%		85		0.777		60.606

		Butler - Carrier - Best Value AR 										Butler - Carrier - Best Eff AR 

		Condenser EWT (°F)		85								Condenser EWT (°F)		85

		Efficiency @ 85°F (kW/ton)		0.576								Efficiency @ 85°F (kW/ton)		0.568

		Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

		80		5		0.525		8.85%				80		5		0.498		12.32%

		75		10		0.485		15.80%				75		10		0.44		22.54%

		70		15		0.453		21.35%				70		15		0.395		30.46%

		65		20		0.425		26.22%				65		20		0.353		37.85%

		60		25		0.403		30.03%				60		25		0.314		44.72%

		55		30		0.379		34.20%				55		30		0.279		50.88%







JCI Curves

		Butler - JCI - Curve										Butler - JCI - Curve - Modified

		Number of Chillers		3								Number of Chillers		3

		Chiller Capacity (tons)		900								Chiller Capacity (tons)		900

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.5458		491.22				100%		85		0.5458		491.22

		90%		85		0.5253		425.493				90%		85		0.499		404.19

		80%		85		0.5073		365.256				80%		85		0.457		329.04

		70%		85		0.5035		317.205				70%		85		0.428		269.64

		60%		85		0.5041		272.214				60%		85		0.403		217.62

		50%		85		0.5107		229.815				50%		85		0.434		195.3

		40%		85		0.5264		189.504				40%		85		0.474		170.64

		30%		85		0.5669		153.063				30%		85		0.539		145.53

		20%		85		0.7019		126.342				20%		85		0.685		123.3

		Butler - JCI - AR 										Butler - JCI - AR Modified

		Condenser EWT (°F)		85								Condenser EWT (°F)		85

		Efficiency @ 85°F (kW/ton)		0.5458								Efficiency @ 85°F (kW/ton)		0.5458

		Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

		80		5		0.4922		9.82%				80		5		0.4741		13.13%

		75		10		0.4437		18.71%				75		10		0.4122		24.47%

		70		15		0.3966		27.34%				70		15		0.3533		35.27%

		65		20		0.3532		35.29%				65		20		0.2995		45.13%

		60		25		0.3128		42.69%				60		25		0.2514		53.94%

		55		30		0.2759		49.45%				55		30		0.2066		62.15%

		50		35		0.2419		55.68%				50		35		0.1714		68.59%

		45		40		0.2226		59.22%				45		40		0.1575		71.15%

		40		45		0.2195		59.78%				40		45		0.1603		70.63%

		39		46		0.2192		59.84%				39		46		0.1601		70.66%

		38		47		0.2192		59.84%				38		47		0.1599		70.70%

		37		48		0.2195		59.78%				37		48		0.1597		70.74%

		36		49		0.22		59.69%				36		49		0.1596		70.75%





Trane Curves - Old

		Butler - Trane - Base Curve										Butler - Trane - Alt 1, 1000 Curve										Butler - Trane - Alt 2 Curve

		Number of Chillers		2								Number of Chillers		2								Number of Chillers		2

		Chiller Capacity (tons)		1300								Chiller Capacity (tons)		1000								Chiller Capacity (tons)		1300

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.5442		707.5				100%		85		0.5145		514.5				100%		85		0.5285		687

		90%		81		0.4714		551.5				90%		81		0.4611		415				90%		81		0.4626		541.3

		80%		77		0.4113		427.8				80%		77		0.4110		328.8				80%		77		0.4052		421.4

		70%		73		0.3604		328				70%		73		0.3590		251.3				70%		73		0.3552		323.2

		60%		69		0.3137		244.7				60%		69		0.3148		188.9				60%		69		0.3083		240.5

		50%		65		0.2760		179.4				50%		65		0.2734		136.7				50%		65		0.2714		176.4

		40%		65		0.2765		143.8				40%		65		0.2833		113.3				40%		65		0.2727		141.8

		30%		65		0.2956		115.3				30%		65		0.3047		91.4				30%		65		0.2928		114.2

		20%		65		0.3454		89.8				20%		65		0.3595		71.9				20%		65		0.3435		89.3

		10%		65		0.4815		62.6				10%		65		0.4950		49.5				10%		65		0.4769		62

												Butler - Trane - Alt 1, 600 Curve

												Number of Chillers		1

												Chiller Capacity (tons)		600

												Percent Load		Condenser EWT (°F)		kW/ton		Power

												100%		85		0.5370		322.2

												90%		81		0.4743		256.1

												80%		77		0.4188		201

												70%		73		0.3688		154.9

												60%		69		0.3236		116.5

												50%		65		0.2807		84.2

												40%		65		0.2892		69.4

												30%		65		0.3128		56.3

												20%		65		0.3625		43.5

												10%		65		0.4917		29.5





Trane Curves

		Butler - Trane - Base Curve										Butler - Trane - Alt 1, 1000 Curve										Butler - Trane - Alt 2 Curve										Butler - Trane - Alt 1, 1000 4160V Curve

		Number of Chillers		2								Number of Chillers		2								Number of Chillers		2								Number of Chillers		2

		Chiller Capacity (tons)		1300								Chiller Capacity (tons)		1000								Chiller Capacity (tons)		1300								Chiller Capacity (tons)		1000

		Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power				Percent Load		Condenser EWT (°F)		kW/ton		Power

		100%		85		0.5442		707.5				100%		85		0.5145		514.5				100%		85		0.5285		687				100%		85		0.5123		512.3

		90%		85		0.5097		596.3				90%		85		0.5020		451.8				90%		85		0.5005		585.6				90%		85		0.5077		456.9

		80%		85		0.4937		513.4				80%		85		0.4894		391.5				80%		85		0.4856		505				80%		85		0.5094		407.5

		70%		85		0.4844		440.8				70%		85		0.4921		344.5				70%		85		0.4766		433.7				70%		85		0.5171		362

		60%		85		0.4918		383.6				60%		85		0.5085		305.1				60%		85		0.4842		377.7				60%		85		0.5298		317.9

		50%		85		0.5185		337				50%		85		0.5390		269.5				50%		85		0.5117		332.6				50%		85		0.5710		285.5

		40%		85		0.5560		289.1				40%		85		0.5800		232				40%		85		0.5506		286.3				40%		85		0.6055		242.2

		30%		85		0.6215		242.4				30%		85		0.6507		195.2				30%		85		0.6177		240.9				30%		85		0.6763		202.9

		20%		85		0.7473		194.3				20%		85		0.7795		155.9				20%		85		0.7427		193.1				20%		85		0.8005		160.1

		10%		85		1.0723		139.4				10%		85		1.1000		110				10%		85		1.0577		137.5				10%		85		1.0970		109.7

												Butler - Trane - Alt 1, 600 Curve																				Butler - Trane - Alt 1, 600 4160V Curve

												Number of Chillers		1																		Number of Chillers		1

												Chiller Capacity (tons)		600																		Chiller Capacity (tons)		600

												Percent Load		Condenser EWT (°F)		kW/ton		Power														Percent Load		Condenser EWT (°F)		kW/ton		Power

												100%		85		0.5370		322.2														100%		85		0.5320		319.2

												90%		85		0.5222		282														90%		85		0.5217		281.7

												80%		85		0.5258		252.4														80%		85		0.5269		252.9

												70%		85		0.5386		226.2														70%		85		0.5350		224.7

												60%		85		0.5489		197.6														60%		85		0.5506		198.2

												50%		85		0.5727		171.8														50%		85		0.5727		171.8

												40%		85		0.6183		148.4														40%		85		0.6242		149.8

												30%		85		0.6856		123.4														30%		85		0.6928		124.7

												20%		85		0.7942		95.3														20%		85		0.8242		98.9

												10%		85		1.2383		74.3														10%		85		1.2483		74.9

		Butler - Trane Base AR 										Butler - Trane Alt 1, 1000 AR 										Butler - Trane Alt 2 AR 										Butler - Trane Alt 1, 1000 AR 

		Condenser EWT (°F)		85								Condenser EWT (°F)		85								Condenser EWT (°F)		85								Condenser EWT (°F)		85

		Efficiency @ 85°F (kW/ton)		0.5442								Efficiency @ 85°F (kW/ton)		0.5145								Efficiency @ 85°F (kW/ton)		0.5285								Efficiency @ 85°F (kW/ton)		0.5123

		Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction				Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

		80		5		0.5164		5.11%				80		5		0.4785		7.00%				80		5		0.5014		5.11%				80		5		0.4764539359		7.00%

		75		10		0.4769		12.37%				75		10		0.4341		15.63%				75		10		0.4631		12.37%				75		10		0.4322437901		15.63%

		70		15		0.4437		18.47%				70		15		0.399		22.45%				70		15		0.4308		18.47%				70		15		0.3972938776		22.45%

		65		20		0.4331		20.42%				65		20		0.3699		28.10%				65		20		0.4206		20.42%				65		20		0.368318309		28.10%

		60		25		0.4325		20.53%				60		25		0.3698		28.12%				60		25		0.4200		20.53%				60		25		0.3682187366		28.12%

												Butler - Trane Alt 1, 600 AR 																				Butler - Trane Alt 1, 600 AR 

												Condenser EWT (°F)		85																		Condenser EWT (°F)		85

												Efficiency @ 85°F (kW/ton)		0.5370																		Efficiency @ 85°F (kW/ton)		0.5320

												Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction														Condenser EWT (°F)		Heat Sink		kW/ton		% Reduction

												80		5		0.4871		9.29%														80		5		0.4825646182		9.29%

												75		10		0.4478		16.61%														75		10		0.44363054		16.61%

												70		15		0.4051		24.56%														70		15		0.4013281192		24.56%

												65		20		0.3705		31.01%														65		20		0.3670502793		31.01%

												60		25		0.3436		36.01%														60		25		0.3404007449		36.01%





Chiller Info

				Butler - Carrier -Best Value		Butler - Carrier - Best Eff 		Butler - JCI		Butler - Trane - Base 		Butler - Trane - Alt 1, 1000		Butler - Trane - Alt 1, 600		Butler - Trane - Alt 2

		Chilled Water Temp

		Design Entering (°F)		53.97		53.97		54		53.95		53.95		53.95		53.95

		Design Leaving (°F)		44		44		44		44		44		44		44

		Difference (°F)		9.97		9.97		10		9.95		9.95		9.95		9.95

		Pressure Drop (ft. wg.)		16.3		26.4		13.8		27.18		19.41		17.63		23.06

		Primary CHW Pump (ft. wg.)		26.3		36.4		23.8		37.18		29.41		27.63		33.06

		Secondary CHW Pump (ft. wg.)		100		100		100		100		100		100		100

		Condenser Water Temp

		Design Entering (°F)		85		85		85		85		85		85		85

		Design Leaving (°F)		94.29		94.31		94.3		94.32		94.26		94.3		94.28

		Difference (°F)		9.29		9.31		9.3		9.32		9.26		9.3		9.28

		Minimum Operating (°F)		55		55		36		65		65		65		65

		Pressure Drop (ft. wg.)		16.9		23.6		9.96		34		21.18		17.71		34

		Condenser Water Pump (ft. wg.)		66.9		73.6		59.96		84		71.18		67.71		84

		Heat Exchanger Info

		Number of Chillers		4		5		3		2		2		1		2

		Hx Pressure Drop per Chiller (ft. wg.)		7.5		6		10		15		11.54		6.92		15





Results Summary

		Alternatives by Electricity Cost

		Option No.		HX		Alternative Name		First Cost Bid ($)		 Yearly Electricity Cost ($)		Additional Electrical Cost From Baseline ($/year)		30-year Lifetime Additional Cost ($)		First Cost Savings vs. Baseline Bid ($)		Simple Payback vs. Baseline (years)														112562

		3				JCI		$   822,024		$   140,868		$   22,068		$   662,039		$   179,000		8.1														472382

		4		X		JCI w/ FC		$   1,001,024		$   118,800		$   - 0		$   - 0		$   - 0		-

		2		X		Manuf. A Efficiency		$   996,500		$   125,269		$   6,468		$   194,051		$   4,524		0.7

		1		X		Manuf. A Value		$   866,500		$   142,965		$   24,165		$   724,938		$   134,524		5.6

		5				Manuf. B w/ RM		$   824,000		$   161,929		$   43,129		$   1,293,859		$   177,024		4.1

		6		X		Manuf. B 		$   929,000		$   135,311		$   16,510		$   495,314		$   72,024		4.4

		8		X		Manuf. B 4160V 		$   919,000		$   138,611		$   19,811		$   594,339		$   82,024		4.1

		7				Manuf. B 4160V w/ RM		$   814,000		$   165,420		$   46,620		$   1,398,608		$   187,024		4.0

						Baseline

						Simple payback for installing waterside economizer HX

						Lowest First Cost (Contractor selected option in competitive bid environment)

										Note: increased pump energy due to constant volume condenser water pump for no HX options.  HX is modeled as variable volume, depends on if maintenance department is ok with that (more cleaning)






CHILLER BID EVALUATION
L

 Worked with Heapy and ¢ HX —unclear of
Pepper available funds up early
— Up front cost on. Added later
— Energy savings
— Noise
— Maintenance
* Site visits with
maintenance staff

Building a More Resilient and Sustainable Society



DESIGN — CONSIDERATIONS
I

* Use evaluation tools/considerations to design the
best plant for you

* This was the best plant for Butler

— Prioritize
* Work with your design/construction team to push
the envelope — biggest bang for your buck

Building a More Resilient and Sustainable Society




CONSTRUCTION
- OWNER'S PERSPECTIVE

* Engineer involvement throughout construction =
critical
* What are your priorities?
— Maintaining workforce
— Pressures for operational budget reductions
— Energy reduction goals
— Addressing deferred maintenance/operational issues?
e PLAN PLAN PLAN!

— Significant reduction in change orders
— Schedule
— Budget

Building a More Resilient and Sustainable Society




QUESTIONS?

Building a More Resilient and Sustainable Society
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