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Existing Buildings

» Gordon Holness, 2009 ASHRAE President*

» “75% to 85% of all the buildings that will exist in urban
areas in 2030 exist today.”

» “Energy efficiency in existing buildings — our greatest
opportunity for a sustainable future.”

» “...we can sustain our future by rebuilding our past.”

*Presidential address, June 2009
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Upgrade Guidelines

» Use existing equipment and infrastructure whenever
possible

» Reduce energy use ... but not at the expense of comfort
or the process

» Show internal rate of return consistent with present
“internal” requirements
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Upgrade options

» Change the Chiller

» Select different design parameters
» Change system configuration

» Enhance controls

» Analyze the system

© 2018 Trane



Chiller Upgrade Options

» Add a variable speed drive

» Replace the chiller
» Size the new chiller properly

» Compare same-price new chiller options

Variable speed drive
High efficiency

© 2018 Trane
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Drive impact on existing chill

performance

» Demand rises 3-5%b at design conditions

» Largest benefit at lower condenser water temperatures
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Lift versus Load
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Compressor Work and Chiller Efficiency
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| essons Learned

» To reduce lift:

» Decrease condenser pressure by Ivg cond
reducing leaving-tower water water
temperature 37°C

> Increase evaporator pressure by 23°C
raising chilled water setpoint

COIMPressar,
» VSDs optimize chiller lift efficiency WOTK
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water

-l w / F

© 2018 Trane




Drive impact on existing Chi||%

performance

700-Ton Chiller VSD Retrofit
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Existing-85°F

VSD-Retrofit-85°F

Existing-75°F

VSD-Retrofit-75°F

Existing-65°F

VSD-Retrofit-65°F
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700-Ton Chiller VSD Retrofit
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65F_Compare

		Load		CS		VSD		% savings

		1		317		292		8%

		0.9		283		242		14%

		0.8		250		203		19%

		0.7		222		173		22%

		0.6		196		150		23%

		0.5		172		130		24%

		0.4		146		109		25%

		0.3		120		87		28%

		0.2		95		65		32%

		0.1		66		47		29%





EI chiller

		Output - Summary

		Selection Description				Existing-85°F		No AFD - 85		No AFD - 85		No AFD - 85		No AFD - 85		No AFD - 85		No AFD - 85		No AFD - 85		No AFD - 85		No AFD - 85				VSD-Retrofit-85°F		AFD - 85		AFD - 85		AFD - 85		AFD - 85		AFD - 85		AFD - 85		AFD - 85		AFD - 85		AFD - 85				Existing-75°F		No AFD - 75		No AFD - 75		No AFD - 75		No AFD - 75		No AFD - 75		No AFD - 75		No AFD - 75		No AFD - 75		No AFD - 75				VSD-Retrofit-75°F		AFD - 75		AFD - 75		AFD - 75		AFD - 75		AFD - 75		AFD - 75		AFD - 75		AFD - 75		AFD - 75				Existing-65°F		No AFD - 65		No AFD - 65		No AFD - 65		No AFD - 65		No AFD - 65		No AFD - 65		No AFD - 65		No AFD - 65		No AFD - 65				VSD-Retrofit-65°F		AFD - 65		AFD - 65		AFD - 65		AFD - 65		AFD - 65		AFD - 65		AFD - 65		AFD - 65		AFD - 65

		Revision				64		64		64		64		64		64		64		64		64		64				64		64		64		64		64		64		64		64		64		64				64		64		64		64		64		64		64		64		64		64				64		64		64		64		64		64		64		64		64		64				64		64		64		64		64		64		64		64		64		64				64		64		64		64		64		64		64		64		64		64

		Evaporator Tons		ton		699.8		629.8		559.8		489.9		419.9		349.9		279.9		209.9		140		112				699.8		629.8		559.8		489.9		419.9		349.9		279.9		209.9		140		112				699.8		629.8		559.8		489.9		419.9		349.9		279.9		209.9		140		70				699.8		629.8		559.8		489.9		419.9		349.9		279.9		209.9		140		70				699.8		629.8		559.8		489.9		419.9		349.9		279.9		209.9		140		70				699.8		629.8		559.8		489.9		419.9		349.9		279.9		209.9		140		70

		Unit Order kW		kW Input		422.59		378.44		338.97		300.28		265.37		231.93		196.06		162.95		129.39		115.78				436.27		375.77		331.77		298.54		267.02		235.49		198.8		160.15		126.71		114.94				361.91		322.65		287.51		255.02		226.77		198.32		169		138.94		109.6		78.61				357.77		303.96		260.1		230.32		204.56		179.71		151.59		121.74		93.85		70.11				317.13		282.86		249.88		222.26		195.83		171.99		146.23		119.8		94.7		66.39				292.2		241.9		203.2		172.7		150.25		130.07		108.61		87.01		65.28		46.87

		Order kW/ton		kW/ton		0.6039		0.6009		0.6055		0.613		0.632		0.6628		0.7004		0.7762		0.9245		1.034				0.6234		0.5966		0.5926		0.6094		0.6359		0.673		0.7102		0.7628		0.9053		1.0265				0.5172		0.5123		0.5136		0.5206		0.5401		0.5668		0.6037		0.6618		0.7831		1.1233				0.5112		0.4826		0.4646		0.4702		0.4872		0.5136		0.5415		0.5799		0.6706		1.0019				0.4532		0.4491		0.4463		0.4537		0.4664		0.4915		0.5224		0.5706		0.6766		0.9487				0.4176		0.3841		0.363		0.3525		0.3578		0.3717		0.388		0.4145		0.4664		0.6698

		Circuit 1 Motor Order RLA		A		591.1		531.4		479.3		429.7		386.3		346		304.5		267.8		232.4		218.6				591.5		512.1		456.4		415.6		378		341.5		300.5		259.3		225.5		214.1				509.4		458.2		413.7		373.7		339.9		307		274.3		242.2		212.4		182.7				489.5		422.4		369.9		335.6		306.8		279.9		250.4		220.6		194.1		172.7				451.1		407.9		367.5		334.6		304.2		277.6		249.8		222.6		197.8		171.5				408.2		348.8		305.3		272.4		249.1		228.7		207.9		187.7		168.4		152.9

		Unit Model				CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF				CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF				CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF				CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF				CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF				CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF		CVHF

		Unit Size				770		770		770		770		770		770		770		770		770		770				770		770		770		770		770		770		770		770		770		770				770		770		770		770		770		770		770		770		770		770				770		770		770		770		770		770		770		770		770		770				770		770		770		770		770		770		770		770		770		770				770		770		770		770		770		770		770		770		770		770

		Volt		V		460		460		460		460		460		460		460		460		460		460				460		460		460		460		460		460		460		460		460		460				460		460		460		460		460		460		460		460		460		460				460		460		460		460		460		460		460		460		460		460				460		460		460		460		460		460		460		460		460		460				460		460		460		460		460		460		460		460		460		460

		Hertz		Hz		60		60		60		60		60		60		60		60		60		60				60		60		60		60		60		60		60		60		60		60				60		60		60		60		60		60		60		60		60		60				60		60		60		60		60		60		60		60		60		60				60		60		60		60		60		60		60		60		60		60				60		60		60		60		60		60		60		60		60		60

		Circuit 1 CPIM				283		283		283		283		283		283		283		283		283		283				283		283		283		283		283		283		283		283		283		283				283		283		283		283		283		283		283		283		283		283				283		283		283		283		283		283		283		283		283		283				283		283		283		283		283		283		283		283		283		283				283		283		283		283		283		283		283		283		283		283

		Circuit 1 Orifice ORSZ				990		990		990		990		990		990		990		990		990		990				990		990		990		990		990		990		990		990		990		990				990		990		990		990		990		990		990		990		990		990				990		990		990		990		990		990		990		990		990		990				990		990		990		990		990		990		990		990		990		990				990		990		990		990		990		990		990		990		990		990

		Circuit 1 Motor CPKW				453		453		453		453		453		453		453		453		453		453				453		453		453		453		453		453		453		453		453		453				453		453		453		453		453		453		453		453		453		453				453		453		453		453		453		453		453		453		453		453				453		453		453		453		453		453		453		453		453		453				453		453		453		453		453		453		453		453		453		453

		Circuit 1 Stage 1 IGV		o		85.77		68.99		55.89		45.58		38.23		31.71		25.72		20.73		15.16		13.24				90		90		70		62		55		49		39		28		17		13				59.47		47.76		40.21		33.8		28.9		24.28		20.08		15.97		12.3		8.8				90		90		85		68		61		53		44		32		20		10				51.46		43.26		35.74		30.72		25.99		21.8		17.81		13.94		10.9		7.64				90		90		90		73		66		58		49		37		23		11

		Circuit 1 Impeller Speed				3560		3560		3560		3560		3560		3560		3560		3560		3560		3560				3541		3461		3472		3466		3456		3444		3454		3458		3500		3585				3560		3560		3560		3560		3560		3560		3560		3560		3560		3560				3326		3223		3151		3148		3125		3112		3104		3107		3123		3344				3560		3560		3560		3560		3560		3560		3560		3560		3560		3560				3123		2986		2872		2823		2775		2742		2715		2707		2706		2845

		Circuit 1 Starter Size																										608		608		608		608		608		608		608		608		608		608																										608		608		608		608		608		608		608		608		608		608																										608		608		608		608		608		608		608		608		608		608

		Circuit 1 Motor RLA				624.8		562.3		507.7		454.5		407.1		363.6		322.2		285.3		248.5		234.1				625.2		554.2		500.2		456.6		413.3		370.8		327.2		283		247		235.1				537		483.3		436.6		393.7		356.9		321.3		289		256.5		225.5		195				515.5		454.3		401.7		364.8		331.7		300.4		269.2		237.3		208.8		187.3				474.3		429		386.5		351.3		318.2		289.5		262		234.4		208.7		181.5				428.2		372.5		328.3		292.5		265.8		242.3		220.2		198.7		177.8		161.8

		Starter Type																										UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD																										UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD																										UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD		UAFD

		Evaporator Shell Size				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S

		Evaporator Bundle Size				630		630		630		630		630		630		630		630		630		630				630		630		630		630		630		630		630		630		630		630				630		630		630		630		630		630		630		630		630		630				630		630		630		630		630		630		630		630		630		630				630		630		630		630		630		630		630		630		630		630				630		630		630		630		630		630		630		630		630		630

		Evaporator Pass				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2

		Evaporator PDS Tube Code				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU

		Evaporator Fluid Flow		gpm		1050		1050		1050		1050		1050		1050		1050		1050		1050		1050				1050		1050		1050		1050		1050		1050		1050		1050		1050		1050				1050		1050		1050		1050		1050		1050		1050		1050		1050		1050				1050		1050		1050		1050		1050		1050		1050		1050		1050		1050				1050		1050		1050		1050		1050		1050		1050		1050		1050		1050				1050		1050		1050		1050		1050		1050		1050		1050		1050		1050

		Evaporator Minimum Fluid Flow		gpm		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3				364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3				364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3				364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3				364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3				364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3		364.3

		Evaporator Maximum Fluid Flow		gpm		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7				2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7				2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7				2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7				2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7				2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7		2003.7

		Evaporator Fluid Type				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE

		Evaporator Fluid Concentration		% Weight		0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0

		Evaporator PDS Tube Thickness				28		28		28		28		28		28		28		28		28		28				28		28		28		28		28		28		28		28		28		28				28		28		28		28		28		28		28		28		28		28				28		28		28		28		28		28		28		28		28		28				28		28		28		28		28		28		28		28		28		28				28		28		28		28		28		28		28		28		28		28

		Evaporator Fouling Factor		h.oF.ft2/Btu		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001				0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001				0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001				0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001				0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001				0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001

		Evaporator Fluid Entering Temperature		oF		55.91		54.32		52.73		51.14		49.54		47.95		46.36		44.77		43.18		42.54				55.91		54.32		52.73		51.14		49.54		47.95		46.36		44.77		43.18		42.54				55.91		54.32		52.73		51.14		49.54		47.95		46.36		44.77		43.18		41.59				55.91		54.32		52.73		51.14		49.54		47.95		46.36		44.77		43.18		41.59				55.91		54.32		52.73		51.14		49.54		47.95		46.36		44.77		43.18		41.59				55.91		54.32		52.73		51.14		49.54		47.95		46.36		44.77		43.18		41.59

		Evaporator Fluid Leaving Temperature		oF		40		40		40		40		40		40		40		40		40		40				40		40		40		40		40		40		40		40		40		40				40		40		40		40		40		40		40		40		40		40				40		40		40		40		40		40		40		40		40		40				40		40		40		40		40		40		40		40		40		40				40		40		40		40		40		40		40		40		40		40

		Circuit 1 Evaporator Refrigerant Saturated Temperature		oF		36.47		36.78		37.04		37.27		37.47		37.64		37.79		37.87		37.93		37.96				36.47		36.78		37.04		37.27		37.47		37.64		37.79		37.87		37.93		37.96				36.47		36.78		37.04		37.27		37.47		37.64		37.79		37.87		37.93		38				36.47		36.78		37.04		37.27		37.47		37.64		37.79		37.87		37.93		38				36.47		36.78		37.04		37.27		37.47		37.64		37.79		37.87		37.93		38				36.47		36.78		37.04		37.27		37.47		37.64		37.79		37.87		37.93		38

		Evaporator Waterbox Pressure		psi		150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150

		Evaporator Waterbox Type				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR

		Evaporator Fluid Total Pressure Drop		ft of water		14.8		14.86		14.91		14.96		15.02		15.07		15.12		15.18		15.23		15.25				14.8		14.86		14.91		14.96		15.02		15.07		15.12		15.18		15.23		15.25				14.8		14.86		14.91		14.96		15.02		15.07		15.12		15.18		15.23		15.28				14.8		14.86		14.91		14.96		15.02		15.07		15.12		15.18		15.23		15.28				14.8		14.86		14.91		14.96		15.02		15.07		15.12		15.18		15.23		15.28				14.8		14.86		14.91		14.96		15.02		15.07		15.12		15.18		15.23		15.28

		Condenser Shell Size				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S				080S		080S		080S		080S		080S		080S		080S		080S		080S		080S

		Condenser Bundle Size				800		800		800		800		800		800		800		800		800		800				800		800		800		800		800		800		800		800		800		800				800		800		800		800		800		800		800		800		800		800				800		800		800		800		800		800		800		800		800		800				800		800		800		800		800		800		800		800		800		800				800		800		800		800		800		800		800		800		800		800

		Condenser Pass				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2				2		2		2		2		2		2		2		2		2		2

		Condenser PDS Tube Code				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU				TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU		TECU

		Condenser Fluid Flow		gpm		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6				2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6				2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6				2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6				2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6				2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6		2099.6

		Condenser Minimum Fluid Flow		gpm		705		705		705		705		705		705		705		705		705		705				705		705		705		705		705		705		705		705		705		705				705		705		705		705		705		705		705		705		705		705				705		705		705		705		705		705		705		705		705		705				705		705		705		705		705		705		705		705		705		705				705		705		705		705		705		705		705		705		705		705

		Condenser Maximum Fluid Flow		gpm		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2				2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2				2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2				2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2				2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2				2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2		2585.2

		Condenser Fluid Type				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE				WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE		WATE

		Condenser Fluid Concentration		% Weight		0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0

		Condenser PDS Tube Thickness				35		35		35		35		35		35		35		35		35		35				35		35		35		35		35		35		35		35		35		35				35		35		35		35		35		35		35		35		35		35				35		35		35		35		35		35		35		35		35		35				35		35		35		35		35		35		35		35		35		35				35		35		35		35		35		35		35		35		35		35

		Condenser Fouling Factor		h.oF.ft2/Btu		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025				0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025				0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025				0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025				0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025				0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025		0.00025

		Condenser Fluid Entering Temperature		oF		85		85		85		85		85		85		85		85		85		85				85		85		85		85		85		85		85		85		85		85				75		75		75		75		75		75		75		75		75		75				75		75		75		75		75		75		75		75		75		75				65		65		65		65		65		65		65		65		65		65				65		65		65		65		65		65		65		65		65		65

		Condenser Fluid Leaving Temperature		oF		94.45		93.49		92.54		91.59		90.66		89.72		88.79		87.87		86.93		86.56				94.48		93.5		92.55		91.63		90.7		89.77		88.84		87.89		86.96		86.59				84.24		83.3		82.37		81.44		80.53		79.62		78.72		77.81		76.89		75.97				84.22		83.25		82.31		81.4		80.5		79.6		78.7		77.79		76.88		75.98				74.08		73.15		72.23		71.33		70.43		69.54		68.65		67.76		66.86		65.95				73.99		73.04		72.11		71.2		70.32		69.44		68.56		67.69		66.81		65.93

		Circuit 1 Condenser Refrigerant Saturated Temperature		oF		97.56		96.35		95.16		93.96		92.77		91.57		90.36		89.14		87.88		87.37				97.6		96.37		95.18		94.01		92.83		91.63		90.42		89.17		87.92		87.41				87.42		86.23		85.05		83.87		82.69		81.51		80.32		79.1		77.86		76.55				87.4		86.18		84.98		83.81		82.65		81.48		80.29		79.08		77.84		76.57				77.37		76.19		75		73.83		72.66		71.48		70.29		69.08		67.85		66.54				77.26		76.04		74.84		73.66		72.51		71.35		70.18		68.99		67.77		66.52

		Condenser Waterbox Pressure		psi		150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150				150		150		150		150		150		150		150		150		150		150

		Condenser Waterbox Type				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR				NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR		NMAR

		Condenser Fluid Total Pressure Drop		ft of water		27.53		27.58		27.62		27.66		27.7		27.75		27.79		27.83		27.87		27.89				27.53		27.57		27.62		27.66		27.7		27.74		27.79		27.83		27.87		27.89				28.49		28.54		28.58		28.63		28.68		28.72		28.77		28.82		28.86		28.91				28.49		28.54		28.59		28.63		28.68		28.72		28.77		28.82		28.86		28.91				29.56		29.61		29.67		29.72		29.77		29.82		29.87		29.92		29.98		30.03				29.57		29.62		29.67		29.72		29.78		29.83		29.88		29.93		29.98		30.03

		ARI Standard				550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998				550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998				550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998				550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998				550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998				550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998		550-1998

		ARI/Green Seal Part Load Value				0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307				0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147				0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307				0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147				0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307		0.5307				0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147		0.4147

		Unit Refrigerant Charge				1000		1000		1000		1000		1000		1000		1000		1000		1000		1000				1000		1000		1000		1000		1000		1000		1000		1000		1000		1000				1000		1000		1000		1000		1000		1000		1000		1000		1000		1000				1000		1000		1000		1000		1000		1000		1000		1000		1000		1000				1000		1000		1000		1000		1000		1000		1000		1000		1000		1000				1000		1000		1000		1000		1000		1000		1000		1000		1000		1000

		Unit Shipping Weight				24077		24077		24077		24077		24077		24077		24077		24077		24077		24077				25757		25757		25757		25757		25757		25757		25757		25757		25757		25757				24077		24077		24077		24077		24077		24077		24077		24077		24077		24077				25757		25757		25757		25757		25757		25757		25757		25757		25757		25757				24077		24077		24077		24077		24077		24077		24077		24077		24077		24077				25757		25757		25757		25757		25757		25757		25757		25757		25757		25757

		Unit Operating Weight				26933		26933		26933		26933		26933		26933		26933		26933		26933		26933				28613		28613		28613		28613		28613		28613		28613		28613		28613		28613				26933		26933		26933		26933		26933		26933		26933		26933		26933		26933				28613		28613		28613		28613		28613		28613		28613		28613		28613		28613				26933		26933		26933		26933		26933		26933		26933		26933		26933		26933				28613		28613		28613		28613		28613		28613		28613		28613		28613		28613
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Drive Retrofit:
Issues to consider

© 2018 Trane

Utility rates? Demand
Charge? Ratchet?

»VSD adds inefficiency

> IT chiller was oversized the
demand may be lower

How often will it operate
at advantageous
conditions?

»24/7 operation may be beneficial

»Economizer reduces the loads at
advantageous conditions

How much energy is
consumed by the cooling
tower?

Need to balance tower and chiller
energy

Is the chiller oversized for
the load?

Load reduction in conjunction with
reduced CW temperatures may offer
significant savings




Chiller Upgrade Options

» Comply with ASHRAE 90.1
» Add a variable speed drive

> Replace the chiller
» Size the new chiller properly

» Compare same-price new chiller options

Variable speed drive
High efficiency

2222222222



Same-price Chiller: Example

Performance
Option Full Load IPLV
(kw/ton) | (kW/ton)
VSD 0.572 0.357
Premium Efficiency 0.501 0.430

222222222
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Same-price Chiller: Example

Performance

600-ton Replacement Chiller Performance

400

350

300

250

kw

.
»
-
"~
.
.
%

200

150
100 +

50 &

0 T
0% 20%

© 2018 Trane

} 15% demand difference

—e—High_efficiency_85°F
- A- VSD_85°F
—e— High_efficiency_75°F
- A- VSD_75°F
—e— High_efficiency_65°F
- 4- VSD_65°F

100%

% TRANE'



CSpd_VSD_Data

		Design load		600

		Load		High_efficiency_85°F		VSD_85°F		High_efficiency_75°F		VSD_75°F		High_efficiency_65°F		VSD_65°F

		20%		85.9		92.2		76.6		68.7		67.2		47.7

		30%		113.2		121.7		93.9		91.7		84.1		63.8

		40%		142.9		151		119.1		113.6		101.4		79.2

		50%		177.3		178.8		144.8		134.1		123.5		92.5

		60%		202.6		208.2		161.8		154.5		138.3		109.2

		70%		225.8		233.7		182.2		175.3		151.7		130.9

		80%		249.1		260.1		205.8		204.2		174.2		157.8

		90%		276.6		297.4		231.5		239		201.9		191.8

		100%		300.4		343.4		268.2		278		237.7		235





Cspd_VSD_Chart

		0.2		0.2		0.2		0.2		0.2		0.2

		0.3		0.3		0.3		0.3		0.3		0.3

		0.4		0.4		0.4		0.4		0.4		0.4

		0.5		0.5		0.5		0.5		0.5		0.5

		0.6		0.6		0.6		0.6		0.6		0.6

		0.7		0.7		0.7		0.7		0.7		0.7

		0.8		0.8		0.8		0.8		0.8		0.8

		0.9		0.9		0.9		0.9		0.9		0.9

		1		1		1		1		1		1



High_efficiency_85°F

VSD_85°F

High_efficiency_75°F

VSD_75°F

High_efficiency_65°F

VSD_65°F

% Load

kW

600-ton Replacement Chiller Performance

85.9

92.2

76.6

68.7

67.2

47.7

113.2

121.7

93.9

91.7

84.1

63.8

142.9

151

119.1

113.6

101.4

79.2

177.3

178.8

144.8

134.1

123.5

92.5

202.6

208.2

161.8

154.5

138.3

109.2

225.8

233.7

182.2

175.3

151.7

130.9

249.1

260.1

205.8

204.2

174.2

157.8

276.6

297.4

231.5

239

201.9

191.8

300.4

343.4

268.2

278

237.7

235



1-2_Chillers

		ECWT		1@90% Load		2@45%Load		45% Load				ECWT		1@90% Load		2@45%Load		1@80% Load		2@40%Load		1@70% Load		2@35%Load		1@60% Load		2@30%Load		1@50% Load		2@25%Load

		55		160.6		109.6		54.8				55		160.6		109.6		125.7		100.2		97.3		91.0		75.1		0.0		59.9		0.0

		60		174.5		137.2		68.6				60		174.5		137.2		139.7		125.8		112.1		114.2		90.9		101.6		74.9		88.4

		65		191.8		172.4		86.2				65		191.8		172.4		157.8		158.4		130.9		143.2		109.2		127.6		92.5		111.6

		70		213.6		209.8		104.9				70		213.6		209.8		179.8		192.2		151.9		173.6		130.4		154.6		112.9		136.2

		75		239.0		248.4		124.2				75		239.0		248.4		204.2		227.2		175.3		205.6		154.5		183.4		134.1		161.0

		80		266.9		288.6		144.3				80		266.9		288.6		230.8		263.6		201.9		239.6		180.9		213.2		156.1		187.2

		85		297.4		330.4		165.2				85		297.4		330.4		260.1		302.0		233.7		273.8		208.2		243.4		178.8		214.4

												Chiller plus pump kW

		ECWT		1@80% Load		2@40%Load		40% Load				ECWT		1@90% Load		2@45%Load		1@80% Load		2@40%Load		1@70% Load		2@35%Load		1@60% Load		2@30%Load		1@50% Load		2@25%Load

		55		125.7		100.2		50.1				55		180.4		141.0		144.2		131.5		114.8		122.2		91.8		31.1		76.1		31.0

		60		139.7		125.8		62.9				60		194.3		168.6		158.2		157.1		129.6		145.4		107.6		132.7		91.1		119.4

		65		157.8		158.4		79.2				65		211.6		203.8		176.3		189.7		148.4		174.4		125.9		158.7		108.7		142.6

		70		179.8		192.2		96.1				70		233.4		241.2		198.3		223.5		169.4		204.8		147.1		185.7		129.1		167.2

		75		204.2		227.2		113.6				75		258.8		279.8		222.7		258.5		192.8		236.8		171.2		214.5		150.3		192.0

		80		230.8		263.6		131.8				80		286.7		320.0		249.3		294.9		219.4		270.8		197.6		244.3		172.3		218.2

		85		260.1		302		151				85		317.2		361.8		278.6		333.3		251.2		305.0		224.9		274.5		195.0		245.4

		ECWT		1@70% Load		2@35%Load		35% Load								°F

		55		97.3		91		45.5

		60		112.1		114.2		57.1

		65		130.9		143.2		71.6

		70		151.9		173.6		86.8

		75		175.3		205.6		102.8

		80		201.9		239.6		119.8

		85		233.7		273.8		136.9

		ECWT		1@60% Load		2@30%Load		30% Load

		55		75.1		0

		60		90.9		101.6		50.8

		65		109.2		127.6		63.8

		70		130.4		154.6		77.3

		75		154.5		183.4		91.7

		80		180.9		213.2		106.6

		85		208.2		243.4		121.7

		ECWT		1@50% Load		2@25%Load		25% Load

		55		59.9		0

		60		74.9		88.4		44.2

		65		92.5		111.6		55.8

		70		112.9		136.2		68.1

		75		134.1		161		80.5

		80		156.1		187.2		93.6

		85		178.8		214.4		107.2



2@45%Load

2@40%Load

2@35%Load

2@30%Load

2@25%Load

1@90% Load

1@80% Load

1@70% Load

1@60% Load

1@50% Load



Chart_1-2_Chillers

		60		60		60		60		60		60		60		60		60		60

		65		65		65		65		65		65		65		65		65		65

		70		70		70		70		70		70		70		70		70		70

		75		75		75		75		75		75		75		75		75		75

		80		80		80		80		80		80		80		80		80		80

		85		85		85		85		85		85		85		85		85		85



1@90% Load

2@45%Load

1@80% Load

2@40%Load

1@70% Load

2@35%Load

1@60% Load

2@30%Load

1@50% Load

2@25%Load

Available Tower Water Temperature (°F)

Total Chiller kW

Run 1 or 2 VSD Chillers?

174.5

137.2

139.7

125.8

112.1

114.2

90.9

101.6

74.9

88.4

191.8

172.4

157.8

158.4

130.9

143.2

109.2

127.6

92.5

111.6

213.6

209.8

179.8

192.2

151.9

173.6

130.4

154.6

112.9

136.2

239

248.4

204.2

227.2

175.3

205.6

154.5

183.4

134.1

161

266.9

288.6

230.8

263.6

201.9

239.6

180.9

213.2

156.1

187.2

297.4

330.4

260.1

302

233.7

273.8

208.2

243.4

178.8

214.4



Chart_1-2_Chillers_Pumps

		60		60		60		60		60		60		60		60		60		60

		65		65		65		65		65		65		65		65		65		65

		70		70		70		70		70		70		70		70		70		70

		75		75		75		75		75		75		75		75		75		75

		80		80		80		80		80		80		80		80		80		80

		85		85		85		85		85		85		85		85		85		85



1@90% Load

2@45%Load

1@80% Load

2@40%Load

1@70% Load

2@35%Load

1@60% Load

2@30%Load

1@50% Load

2@25%Load

Available Tower Water Temperature (°F)

Total Chiller plus pump kW

Run 1 or 2 VSD Chillers?

194.336271261

168.649246151

158.230771261

157.086058651

129.6140454545

145.3589679252

107.6499970674

132.6634618768

91.1025293255

119.3950284091

211.636271261

203.849246151

176.330771261

189.686058651

148.4140454545

174.3589679252

125.9499970674

158.6634618768

108.7025293255

142.5950284091

233.436271261

241.249246151

198.330771261

223.486058651

169.4140454545

204.7589679252

147.1499970674

185.6634618768

129.1025293255

167.1950284091

258.836271261

279.849246151

222.730771261

258.486058651

192.8140454545

236.7589679252

171.2499970674

214.4634618768

150.3025293255

191.9950284091

286.736271261

320.049246151

249.330771261

294.886058651

219.4140454545

270.7589679252

197.6499970674

244.2634618768

172.3025293255

218.1950284091

317.236271261

361.849246151

278.630771261

333.286058651

251.2140454545

304.9589679252

224.9499970674

274.4634618768

195.0025293255

245.3950284091



Chart_1-2_Chiller_Only

		55		55

		60		60

		65		65

		70		70

		75		75

		80		80

		85		85



1@90% Load

2@45%Load

Available Tower Water Temperature (°F)

Chiller kW

Operate 1 or 2 chillers?
Chiller kW only

160.6

109.6

174.5

137.2

191.8

172.4

213.6

209.8

239

248.4

266.9

288.6

297.4

330.4



Chart_1_2_Chiller_Pump

		55		55

		60		60

		65		65

		70		70

		75		75

		80		80

		85		85



1@90% Load

2@45%Load

Available Tower Water Temperature (°F)

Chiller Plus Pump kW

Operate 1 or 2 chillers? 
Chiller Plus Pump kW

171.0018870968

141.049246151

184.9018870968

168.649246151

202.2018870968

203.849246151

224.0018870968

241.249246151

249.4018870968

279.849246151

277.3018870968

320.049246151

307.8018870968

361.849246151



Chiller+Pumps

				Chillers only kW										Chillers plus pumps kW

		ECWT		1@90% Load		2@45%Load		Delta				ECWT		1@90% Load		2@45%Load		Delta

		85		297.4		330.4		-33.0				85		307.8		361.8		-54.0

		80		266.9		288.6		-21.7				80		277.3		320.0		-42.7

		75		239		248.4		-9.4				75		249.4		279.8		-30.4

		70		213.6		209.8		3.8				70		224.0		241.2		-17.2

		65		191.8		172.4		19.4				65		202.2		203.8		-1.6

		60		174.5		137.2		37.3				60		184.9		168.6		16.3

		55		160.6		109.6		51.0				55		171.0		141.0		30.0

		Inverted		Chillers only kW										Chillers plus pumps kW

		ECWT		1@90% Load		2@45%Load						ECWT		1@90% Load		2@45%Load

		55		160.6		109.6						55		171.0		141.0

		60		174.5		137.2						60		184.9		168.6

		65		191.8		172.4						65		202.2		203.8

		70		213.6		209.8						70		224.0		241.2

		75		239		248.4						75		249.4		279.8

		80		266.9		288.6						80		277.3		320.0

		85		297.4		330.4						85		307.8		361.8

		Chiller design tons		600

		Pump Efficiency		0.8

		Pump motor efficiency		0.93

		Design						Evaporator flow

		Pump kW calculations		Evap		Condenser		0.9		0.45		0.8		0.4		0.7		0.35		0.6		0.3		0.5		0.25

		Flow (gpm)		1440		1800		1296		648		1152		576		1008		504		864		432		720		360

		DeltaP		16.5		33.9

		kW		6.0		15.5		4.4		0.5		3.1		0.4		2.1		0.3		1.3		0.2		0.8		0.1



Assumes condenser water pumps are constant speed




Guidance:

VSD or Premium Efficiency?

» Premium efficiency
» Significant demand charges

» Climates where the wet bulb
does not vary

» Multiple chillers in the plant

» Economizer that reduces low
load/low lift operating hours

© 2018 Trane

» VSD

» Many hours at low condenser
water temperature — and low
load

» Perhaps only on one chiller

» Factor in replacement of VSD
when performing life cycle
assessment




Lesson

Serve the owner...

...by applying technology appropriately

© 2018 Trane




Upgrade options

» Change the Chiller

» Change design parameters

» Change system configuration
» Enhance controls

» Analyze the system

© 2018 Trane
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chilled water plant design ...

Provocation
Are our old “rules of thumb” ...

» 6-7°C chilled water supply

» 5.6°C AT for chilled water system é

» 3 gpm/ton condenser water flow

. In need of repair?

© 2018 Trane
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ASHRAE 90.1-2016

15°F [8.3° C] or higher temperature difference...

minimum 57°F [14° C] leaving water temperature

6.5.4 '( -Chilled-Water-Coil-Selection -
Chilled-water cooling coils shall be selected to provide a 15°F or hi gher temperature differ-
ence between leaving and entering water temperatures and a minimum of 57°F leaving
water temperature at design conditions.

Exceptions to 6.5.4.7

1. Chilled-water cooling coils that have an air-side pressure drop exceeding 0.70 in. of water

when rated at 500 fpm face velocity and dry conditions (no condensation).

Individual fan-cooling units with a design supply airflow rate 5000 cfm and less.
Constant-air-volume sysfems.

. Coils selected at the maximum temperature difference allowed by the chiller. QJ
. Passive coils (no mechanically supplied airflow).

. Coils with design entering chilled-water temperatures of 50°F and higher.

. Coils with design entering air dry-bulb temperatures of 65°F and lower.

R - NV S ST

100 ANSI/ASHRAE/IES Standard 90.1-2016 (I-P)

\

© 2018 Trane
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Industry Recommendations
Temperature Differences

ASHRAE 90.1-2016 >8.3 NA

ASHRAE GreenGuide 7-11 7- 10
Kelly and Chan 10 7.8
Taylor >7 8.3

© 2018 Trane




High Performance
Design Parameters

» Taylor (ASHRAE Journal December 2011)

» Chilled water:
“To reiterate: our analysis suggests that it never makes sense to
use the traditional 10°F or 12°F
[5-6°C] ATs that are commonly used in standard practice.” (p.26)

» Condenser water:
“...life cycle costs were minimized at the largest of the three ATs
analyzed, about 15°F [8°C]. This was true for office buildings and
datacenters and for both single-stage centrifugal chillers and two-
stage centrifugal chillers.” (p.34)

Lesson
Increasing AT works...

...for all load profiles
...for all chiller manufacturers

© 2018 Trane
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A History of

Chiller Performance

Required Full Load COP

ks 8.00

8 7.00

- 6.00

g 5.00 =>=200 Ton Positive
—4.00 —4=—200 Ton CTV

E 3.00 —8—500 Ton CTV

1975-2016 Best in Class
200T Centrifugal 52% 89%
500T Centrifugal 65% 89%
Screw 80% 83%




Efficiency changes
INn the past 35 years

» Chiller COP increased up to 52-80%b6
» Pumps? — motors more efficient

» Cooling towers? — motors more efficient, fill design has
changed




Lesson

Work the most efficient system
component (the chiller)...

...a little harder




Retrofit applications
and reduced flow - evap

» Chilled water side
» Coll

It’'s a simple heat transfer device

Reacts to colder entering water
by returning it warmer

» ldeal for system expansion

v




Cooling Colil Performance

MBH 504 504
EWT 6.7°C 5°C
3 GPM 101 63
GPM/ton 2.4
":-: 1.5
. LWT 12.2°C
13.9°C
WTR 5.6°C
8.9°C

GPM reduction of 37.6%

© 2018 Trane



Reduce Existing Coil Flow to Satisfy Flow
Requirements for an Addition

» Present facility » Desired facility
» 2,000 tons » 3,000 tons
» Chilled water: » Chilled water:
6°C, 5.6°C AT 4°C, 9°C AT

Existing coils: 2,880 gpm

» 4,800 gpm S Ne
Coils in addition: 1,920 gpm

50% more capacity delivered by existing pipes and pumps

© 2018 Trane



Retrofit applications
and reduced flow - cond

Condenser side retrofit opportunity

» Chiller needs to be
replaced

» Cooling needs have
increased by 50%

» Cooling tower was
replaced two years ago

» Condenser pump and
pipes are in good shape




Retrofit applications
and reduced flow - dry

© 2018 Trane

Existing | Retrofit

Capacity (tons) 500 750
Flow rate (gpm) 1500 1500
Condenser Entering Water 29 31
Temperature (°C)

Condenser Leaving Water 35 39
Temperature (°C)

Design Wet Bulb (°C) 20 20

% TRANE'




		

		Existing

		Retrofit



		Capacity (tons)

		500

		750



		Flow rate (gpm)

		1500

		1500



		Condenser Entering Water Temperature ((C)

		29

		31



		Condenser Leaving Water Temperature ((C)

		35

		39



		Design Wet Bulb ((C)

		20

		20






%%%ﬂMWF

Lesson

Don’t let yourself be handcuffed...

...by what the last designer did.

© 2018 Trane




Upgrade options

» Change the Chiller

» Change design parameters

» Change system configuration
» Enhance controls

» Analyze the system

© 2018 Trane
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Variable Primary Flow Systems

D
I—@— o
) =]
A = chiller 1 —l
@ ¥ -isolation vahes
c chiller 2
flow meter
(alternative to chiller AP}
bypass line Y
- 5 A

rmodulating airside coils with
contral valve 2-way cantro| valves

S T

tot e

twpass ling
H alternate jocaton
£ *—
__-_-_-_-_-_-__ __-_._._-__-_.—-—-.-.-—-
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Convert Constant
Flow to VPF

for VPF compatibility

1. Check unit controller @ @

-Illlll ’ |

2. Add VSD to pump

3. Change some 3-way
valves to 2-way

4. Leave enough 3-way |
valves to allow
minimum flow

5. Control pump VSD to
maintain minimum
flow

Can also be applied to new, single-chiller systems

© 2018 Trane
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Convert Primary Secondary
to Variable Primary Flow (VPF)?

two-way control valves

gl ‘3?"'-"| ol
; 7
Iil

1
A

e
[.]||;

Yy




Convert Primary Secondary % S Yo
to Variable Primary—
Variable Secondary

rt
Pk
| —
| towers €]

eooling coils with
twio-way contral valves

QT 2 T k )
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Lesson

Provide solutions for building owners
and operators...

...using today’s technologies.

222222222



More information

VPF System

© 2018 Trane

Http:/trane.com/commercial
/library/newsletters.asp (1999 and 2002)

“Primary-Only vs. Primary-Secondary Variable Flow
Systems,” Taylor, ASHRAE Journal, February 2002

“Don’t Ignore Variable Flow,” Waltz, Contracting
Business, July 1997

“Comparative Analysis of Variable and Constant
Primary-Flow Chilled-Water-Plant Performance,”
Bahnfleth and Peyer, HPAC Engineering, April 2001

“Campus Cooling: Retrofitting Systems,”
Kreutzmann, HPAC Engineering, July 2002




Upgrade options

» Change the Chiller

» Change design parameters

» Change system configuration
» Enhance controls

» Analyze the system
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Control Options

» Pump control
» Chiller-tower optimization

» Condenser flow rate

© 2018 Trane
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Chilled Water Pump Control

Communicating
BA o
S Pump Speed alve position Pump
Pressure
Sensor
\ _—._—._._——._._—._-—-
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pump-pressure optimization

Control Logic
90.1-2007 Addendum ak

Position (% open)
of critical valve No action

70%

Reduce pump static pressure setpoint

This is required for many systems by 90.1-2010




optimal condenser water control

Chiller—Tower Interaction

© 2018 Trane
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Chiller-tower optimization
Estimated Savings

» Crowther
(“Optimized” vs. driving water to 18°C)

» Chicago: 5.4%
» Las Vegas: 2.6%
» Miami: 8.5%

Based on chiller+tower annual energy consumption

© 2018 Trane




chiller—tower optimization

An Example ...

» 720,000 ft2 hotel
» 2 chillers, 2 tower cells

» Control strategies

» Make leaving-tower water cold
as possible (13°C)

» Optimize system operation

» Entering-condenser setpoint
equals design ...

29°C for humid climates,
27°C for dry climates

© 2018 Trane



chiller—tower control strategies

North America

© 2018 Trane

annual operating cost, $ USD
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chiller—tower control strategies

Global Locations

© 2018 Trane

annual operating cost, $ USD

500K

400K 7

300K 7

200K

100K £

Dubai

control strategy:
13°C lvg tower

B optimal control
[l design ECWT

Paris

Sao Paulo Singapore
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Chiller + tower fan

Operating Cost Savings

© 2018 Trane
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chiller—tower optimization

Finding “Near Optimal”

» Tower design
(flow rate, range, approach)

» Chiller design

» Refrigeration cycle
(vapor compression vs. absorption)

» Compressor type

» Capacity control (variable-speed drive)

» Changing conditions
(chiller load, ambient wet bulb)

2222222222
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chiller—tower optimization

Necessities

» System-level
controls

» Variable-frequency
drive
on tower fans

» High-quality
dewpoint sensor




Lesson:
Where’s the Meter?

On the

BUILDING

optimal condenser water control

Chiller-Tower Interaction
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Existing Plant
Condenser Water Flow

» Rebalance the condenser water system with a drive
» Open balancing valve

» Set constant pump speed to balance to design flow rate

» Keep the system simple

» Perhaps, dynamically vary flow rate
» Can save system energy if design condenser flow rate is 3 gpm/ton
If design CW flow rate is —~2.4 gpm/ton or lower, leave constant speed and avoid complexity

» Be careful at high wet bulbs

Chiller may surge if flow rate is reduced too quickly
Minimal savings

» Confirm minimum tower water flow rate

Retrofit tower if necessary

© 2018 Trane



Upgrade options

» Change the Chiller

» Change design parameters

» Change system configuration
» Enhance controls

» Analyze the system

© 2018 Trane



Analysis must include

> Simultaneous
» Weather data

» Building load characteristics
» Operational hours
» Economizer capabilities
» Energy drawn from auxiliaries

» Actual utility rates--consumption & demand

2222222222



ROI
High Performance
Chilled Water Plants

» EnergyPlus

» TRACE™ 700

» Chiller Plant
Analyzer
(30-45 minutes) |
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Upgrading chilled
water systems

» Retrofit or replace chiller » Consider VPF or VP/VS
» Compare same-price premium
efficiency and VSD replacement » Update controls

) ] » Pump pressure optimization
» Select different design

parameters » Chiller-tower optimization

» Red fl tes by | ' :
A'?‘ uce flow rates by increasing . o, o BT

Chilled water
Condenser water

© 2018 Trane
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References

» Upgrading Chilled-Water Systems, ASHRAE Journal,
November 2009.

http:/Z//www.trane.com/content/dam/Trane/Commercial/global/products-
systems/education-training/Zindustry-articles/Nov2009ASHRAE.pdf
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| esson Learned

We get to solve puzzles...

...and reduce both energy use and
carbon emissions...

...every day...

...HOW GREAT IS THAT?

© 2018 Trane
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