
CHP and TES:
strange bedfellows or

a match made in heaven?
John S. Andrepont, President
The Cool Solutions Company

International District Energy Association (IDEA) Annual Conference
Pittsburgh, Pennsylvania – June 25, 2019



1

Outline

• CHP & TES: Two ways to similar benefits for District Energy
• But how often are they used together?

– Numerous examples.

• Why do both?
– Synergies (illustrated by brief case studies)

• Capturing Capital Savings
– How & When

• Conclusions and Recommendations
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Introduction
• District Energy systems and their customers draw value from:

– Redundancy, Reliability, Resilience
– Operational Flexibility
– Environmental Responsibility
– Management of Peak Electric Loads
– Economics

• Combined Heat & Power (CHP) and Thermal Energy Storage (TES) 
can, and generally do, each provide all these benefits.
But if one is implemented, does that reduce the value of the 2nd?
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Combined Use of CHP and TES
• In fact, these two technologies can complement one another, 

adding to the overall value for DE systems and their customers.
• A small study for US DOE (2003) identified 33 CHP installations 

where TES was also employed.
• Since that study, many others have been identified.
• Examples include applications in industry, but also for:

– University & College campuses
– Airports, Military, and other Government facilities
– Healthcare / Medical / Research facilities
– District Cooling utility systems
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Some University Examples with Both CHP & TES
Owner / Operator - Location CHP CHP TES TES TES TES peak shift
(approximate data) Year (MW) Year Type (ton-hrs) (MW)
California State Polytechnic U - Pomona 1989 0.4 2000 CHW 25,000 3
California State U - Fullerton 2010 4.6 1993 CHW 37,000 4
California State U - Long Beach 1987 0.2 19?? Ice 40,000 5
California State U - Northridge 2001 0.2 1997 CHW 29,000 3
California State U - San Diego 2003 17.4 1993 CHW 22,000 3
Cornell U - Ithaca, NY 19?? 8.0 1991 CHW 38,000 4
Harvard U Allston Campus - Boston, MA 2019 2.5 2019 CHW 13,392 3
New Mexico State U - Las Cruces 1996 4.7 19?? CHW 20,000 2
North Carolina State U - Raleigh 2012 11.0 2020 CHW 25,000 4
Princeton U - Princeton, NJ 1996 14.6 2005 LT Fluid 40,000 7
Stanford U - Palo Alto, CA 1987 49.9 2015 CHW 90,000 12
Texas A&M U - College Station, TX 1996 50.0 2016 CHW 24,000 5
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More University Examples with Both CHP & TES
Owner / Operator - Location CHP CHP TES TES TES TES peak shift
(approximate data) Year (MW) Year Type (ton-hrs) (MW)
U of California - Los Angeles 1994 48.0 2002 CHW 32,000 4
U of California - San Diego ???? 25.6 1994 CHW 35,900 4
U of Cincinnati - Cincinnati, OH 2004 47.7 ‘98+’11 CHW ~52,000 6
U of Iowa - Iowa City 19?? 21.5 19?? CHW 7,000 1
U of Maryland - College Park 2002 27.3 ???? Ice ?,??? ?
U of Michigan - Ann Arbor 1897+?? 48.5 1986 CHW 17,000 2
U of North Carolina - Chapel Hill 1992 28.0 2006 CHW 40,000 4
U of Texas at Austin ‘??+’09 100.+ ‘11+’16 CHW 82,000 8
U of Utah - Salt Lake City 2008 6.5 2010 CHW 26,000 3
Utah State U - Logan 2004 4.5 2012 CHW ~15,000 2
Washington State U - Pullman, WA 1982 2.0 1993 CHW 17,750 2
Yale U - New Haven, CT ’98+’10 37.4 19?? CHW ~20,000 2
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Other District Examples with Both CHP & TES
Owner / Operator - Location CHP CHP TES TES TES TES peak shift
(approximate data) Year (MW) Year(s) Type (ton-hrs) (MW)
DFW Int’l Airport - Dallas/Ft Worth, TX 2007 110.0 2002 LT Fluid 90,000 21
LAX Int’l Airport - Los Angeles, CA 1985 17.2 2013 CHW 15,500 3
Austin Energy / Dell Children’s Hospital, TX 2006 4.6 2005 CHW 8,000 1
Geisinger Medical Center - Danville, PA 2011 5.0 2009 CHW 8,000 1
National Institutes of Health - Bethesda, MI 2004 23.0 2018 CHW 47,500 6
NRG / Univ Med Ctr - Plainsboro, NJ 2011 4.6 2012 CHW 9,850 1
Thermal Energy Corp. (TECO) - Houston, TX 2010 48.0 2010 CHW 70,000 10
Climaespaco - Lisbon, Portugal 1998 5.2 1998 CHW 39,807 5
District Energy St. Paul - St. Paul, MN 2003 25.0 ‘94+’03 CHW 72,000 8
The Energy Network - Hartford, CT 1989 3.9 1985 CHW 20,000 2
Metro Pier & Expo Authority - Chicago, IL 1997 3.3 1994 LT Fluid 123,000 18
Reedy Creek / Disney - Lake Buena Vista, FL 1988 32.0 1998 CHW 57,000 7
Shell Developm’t Westhollow - Houston, TX 1988 3.7 1994 CHW 38,500 5
Trigen-Cinergy (Gen’l Motors) - Lansing, MI 2001 3.6 2001 CHW 36,500 4
Veolia (Trigen) - Trenton, NJ 1983 12.0 1991 CHW 20,000 2
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TES Flattens Load Profiles for CHP
• CHP is expensive; needs high operating hrs/yr to be cost effective.
• Elec power above CHP must be purchased at high $/kW & $/kWh.
• TES “flattens” peak day elec & thermal profiles.
• This allows:

– use of larger CHP (at lower Cap$/kW),
– more hrs/yr of fully loaded CHP operation,
– fewer kWh/yr of peak elec power purchases, and
– thus, improved economic results for CHP.

Sometimes, CHP is economically justified, when it wouldn’t be w/o TES.

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

1 3 5 7 9 11 13 15 17 19 21 23

Ch
ille

r L
oa

d 
(T

on
s)

Hour of the Day

TES Options 


Chart1

		18600.6		22793.6375		26294

		17568.2		22793.6375		26294

		17052		22793.6375		26294

		15758.6		22793.6375		26294

		14531.9		22793.6375		26294

		14662.4		22793.6375		26294

		16402.4		22793.6375		26294

		19546		22793.6375		26294

		21747.1		22793.6375		19831.7923076923

		23397.2		22793.6375		19831.7923076923

		24432.5		22793.6375		19831.7923076923

		26503.1		22793.6375		19831.7923076923

		26961.3		22793.6375		19831.7923076923

		27477.5		22793.6375		19831.7923076923

		28756.4		22793.6375		19831.7923076923

		29000		22793.6375		19831.7923076923

		28895.6		22793.6375		19831.7923076923

		28240.2		22793.6375		19831.7923076923

		26926.5		22793.6375		19831.7923076923

		26529.2		22793.6375		19831.7923076923

		25781		22793.6375		19831.7923076923

		25024.1		22793.6375		26294

		22446		22793.6375		26294

		20807.5		22793.6375		26294



Cooling Load - No TES

Alt 1 - TES Load Level

Alt 2 - TES Max Shift

Hour of the Day

Chiller Load (Tons)

TES Options



2002

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		26,000		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2002		peak load:		19,500		tons												Total		26,000		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		12,507		12,507		0		0														off-peak

		200		60.58%		11,813		11,813		0		0														off-peak

		300		58.80%		11,466		11,466		0		0														off-peak

		400		54.34%		10,596		10,596		0		0														off-peak

		500		50.11%		9,771		9,771		0		0														off-peak

		600		50.56%		9,859		9,859		0		0														off-peak

		700		56.56%		11,029		11,029		0		0														off-peak

		800		67.40%		13,143		13,143		0		0														off-peak

		900		74.99%		14,623		14,623		0		0														on-peak

		1000		80.68%		15,733		15,733		0		0														on-peak

		1100		84.25%		16,429		16,429		0		0														on-peak

		1200		91.39%		17,821		17,821		0		0														on-peak

		1300		92.97%		18,129		18,129		0		0														on-peak

		1400		94.75%		18,476		18,476		0		0														on-peak

		1500		99.16%		19,336		19,336		0		0														on-peak

		1600		100.00%		19,500		19,500		0		0														on-peak

		1700		99.64%		19,430		19,430		0		0														on-peak

		1800		97.38%		18,989		18,989		0		0														on-peak

		1900		92.85%		18,106		18,106		0		0														on-peak

		2000		91.48%		17,839		17,839		0		0														on-peak

		2100		88.90%		17,336		17,336		0		0														on-peak

		2200		86.29%		16,827		16,827		0		0														off-peak

		2300		77.40%		15,093		15,093		0		0														off-peak

		2400		71.75%		13,991		13,991		0		0														off-peak

		avg tons		15,327		367,842		367,842		0		0		0		0		0		0		0		0

		FLH/day		18.86						0						0						0

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				26,000		tons						tons						tons

						existing abs chiller plant				0		tons						tons						tons

						new elec chiller				0		tons						tons						tons

						new elec chiller plant				0		tons						tons						tons

						total ("N") chiller capacity				26,000		tons						tons						tons

						firm ("N-1") chiller capacity				22,500		tons						tons						tons

						CHWS temp				41.0		deg F						deg F						deg F

						CHWR temp				53.6		deg F						deg F						deg F

						CHW Delta T				12.6		deg F						deg F						deg F

						TES capacity				0		ton-hrs						ton-hrs						ton-hrs

						TES volume				0		gals						gals						gals

						TES tank shell height				50.0		ft						ft						ft

						TES tank diameter				0.0		ft						ft						ft

						TES land requirement				0		sq ft						sq ft						sq ft

						TES pump (and HX) capacity				0		tons						tons						tons

						TES piping distance				0		trench ft						trench ft						trench ft

						new elec chiller unit cost				600		$/ton						$/ton						$/ton

						new elec chiller plant unit cost				1,800		$/ton						$/ton						$/ton

						TES tank unit cost				1.00		$/gal						$/gal						$/gal

						TES fluid unit cost				0.02		$/gal						$/gal						$/gal

						TES land unit cost				0		$/sq ft						$/sq ft						$/sq ft

						TES pump (and HX) unit cost				150		$/ton						$/ton						$/ton

						TES piping unit cost				2500		$/ft						$/ft						$/ft

						elec chiller installed cost				0		$		0		0		$		0		0		$

						elec chiller plant installed cost				0		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				0		$		0		0		$		0		0		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				19,500		tons						tons						tons

						unit power at peak				0.74		kW/ton						kW/ton						kW/ton

						peak cooling power				14,430		kW						kW						kW

						on-peak demand rate				9.60		$/kW-mo						$/kW-mo						$/kW-mo

						maximum demand rate				0.00		$/kW-mo						$/kW-mo						$/kW-mo

						min. monthly demand "ratchet"				100		% of peak						% of peak						% of peak

						smmr months peaking at 100%				2		mo/yr						mo/yr						mo/yr

						smmr months peaking at ~85%				2		mo/yr						mo/yr						mo/yr

						wntr months peaking at ~65%				2		mo/yr						mo/yr						mo/yr

						wntr months peaking at ~40%				2		mo/yr						mo/yr						mo/yr

						wntr months peaking at ~15%				4		mo/yr						mo/yr						mo/yr

						subtot on-peak demand cost				1,662,336		$/yr						$/yr						$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr						T-hr/yr						T-hr/yr

						unit elec energy consumption				0.74		kWh/T-hr						kWh/T-hr						kWh/T-hr

						annual TES elec energy shift				0		kWh/yr						kWh/yr						kWh/yr

						differential elec energy rate				0.0239		$/kWh						$/kWh						$/kWh

						subtot annual elec energy svgs				0		$/yr						$/yr						$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr						T-hr/yr						T-hr/yr

						unit steam consumption				19.0		lb/T-hr						lb/T-hr						lb/T-hr

						annual steam energy use				0		Mlb/yr						Mlb/yr						Mlb/yr

						steam energy rate				6.63		$/Mlb						$/Mlb						$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr						kWh/T-hr						kWh/T-hr

						annual elec energy use				0		kWh/yr						kWh/yr						kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr						$/yr						$/yr

						total annual energy cost				1,662,336		$/yr						$/yr						$/yr

						annual energy cost saving				0		$/yr						$/yr						$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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2003

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		26,000		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2003		peak load:		20,600		tons												Total		26,000		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		13,213		13,213		0		0														off-peak

		200		60.58%		12,479		12,479		0		0														off-peak

		300		58.80%		12,113		12,113		0		0														off-peak

		400		54.34%		11,194		11,194		0		0														off-peak

		500		50.11%		10,323		10,323		0		0														off-peak

		600		50.56%		10,415		10,415		0		0														off-peak

		700		56.56%		11,651		11,651		0		0														off-peak

		800		67.40%		13,884		13,884		0		0														off-peak

		900		74.99%		15,448		15,448		0		0														on-peak

		1000		80.68%		16,620		16,620		0		0														on-peak

		1100		84.25%		17,356		17,356		0		0														on-peak

		1200		91.39%		18,826		18,826		0		0														on-peak

		1300		92.97%		19,152		19,152		0		0														on-peak

		1400		94.75%		19,519		19,519		0		0														on-peak

		1500		99.16%		20,427		20,427		0		0														on-peak

		1600		100.00%		20,600		20,600		0		0														on-peak

		1700		99.64%		20,526		20,526		0		0														on-peak

		1800		97.38%		20,060		20,060		0		0														on-peak

		1900		92.85%		19,127		19,127		0		0														on-peak

		2000		91.48%		18,845		18,845		0		0														on-peak

		2100		88.90%		18,313		18,313		0		0														on-peak

		2200		86.29%		17,776		17,776		0		0														off-peak

		2300		77.40%		15,944		15,944		0		0														off-peak

		2400		71.75%		14,781		14,781		0		0														off-peak

		avg tons		16,191		388,592		388,592		0		0		0		0		0		0		0		0

		FLH/day		18.86						0						0						0

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				26,000		tons						tons						tons

						existing abs chiller plant				0		tons						tons						tons

						new elec chiller				0		tons						tons						tons

						new elec chiller plant				0		tons						tons						tons

						total ("N") chiller capacity				26,000		tons						tons						tons

						firm ("N-1") chiller capacity				22,500		tons						tons						tons

						CHWS temp				41.0		deg F						deg F						deg F

						CHWR temp				53.6		deg F						deg F						deg F

						CHW Delta T				12.6		deg F						deg F						deg F

						TES capacity				0		ton-hrs						ton-hrs						ton-hrs

						TES volume				0		gals						gals						gals

						TES tank shell height				50.0		ft						ft						ft

						TES tank diameter				0.0		ft						ft						ft

						TES land requirement				0		sq ft						sq ft						sq ft

						TES pump (and HX) capacity				0		tons						tons						tons

						TES piping distance				0		trench ft						trench ft						trench ft

						new elec chiller unit cost				600		$/ton						$/ton						$/ton

						new elec chiller plant unit cost				1,800		$/ton						$/ton						$/ton

						TES tank unit cost				1.00		$/gal						$/gal						$/gal

						TES fluid unit cost				0.02		$/gal						$/gal						$/gal

						TES land unit cost				0		$/sq ft						$/sq ft						$/sq ft

						TES pump (and HX) unit cost				150		$/ton						$/ton						$/ton

						TES piping unit cost				2500		$/ft						$/ft						$/ft

						elec chiller installed cost				0		$		0		0		$		0		0		$

						elec chiller plant installed cost				0		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				0		$		0		0		$		0		0		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				20,600		tons						tons						tons

						unit power at peak				0.74		kW/ton						kW/ton						kW/ton

						peak cooling power				15,244		kW						kW						kW

						on-peak demand rate				9.70		$/kW-mo						$/kW-mo						$/kW-mo

						maximum demand rate				0.00		$/kW-mo						$/kW-mo						$/kW-mo

						min. monthly demand "ratchet"				100		% of peak						% of peak						% of peak

						smmr months peaking at 100%				2		mo/yr						mo/yr						mo/yr

						smmr months peaking at ~85%				2		mo/yr						mo/yr						mo/yr

						wntr months peaking at ~65%				2		mo/yr						mo/yr						mo/yr

						wntr months peaking at ~40%				2		mo/yr						mo/yr						mo/yr

						wntr months peaking at ~15%				4		mo/yr						mo/yr						mo/yr

						subtot on-peak demand cost				1,773,670		$/yr						$/yr						$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr						T-hr/yr						T-hr/yr

						unit elec energy consumption				0.74		kWh/T-hr						kWh/T-hr						kWh/T-hr

						annual TES elec energy shift				0		kWh/yr						kWh/yr						kWh/yr

						differential elec energy rate				0.0239		$/kWh						$/kWh						$/kWh

						subtot annual elec energy svgs				0		$/yr						$/yr						$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr						T-hr/yr						T-hr/yr

						unit steam consumption				19.0		lb/T-hr						lb/T-hr						lb/T-hr

						annual steam energy use				0		Mlb/yr						Mlb/yr						Mlb/yr

						steam energy rate				6.63		$/Mlb						$/Mlb						$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr						kWh/T-hr						kWh/T-hr

						annual elec energy use				0		kWh/yr						kWh/yr						kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr						$/yr						$/yr

						total annual energy cost				1,773,670		$/yr						$/yr						$/yr

						annual energy cost saving				0		$/yr						$/yr						$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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2004

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		22,000		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2004		peak load:		22,700		tons												Total		22,000		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		14,560		14,560		0		0		19,045		4,485		8,718		22,000		7,440		19,995		off-peak

		200		60.58%		13,752		13,752		0		0		19,045		5,293		14,012		22,000		8,248		28,244		off-peak

		300		58.80%		13,348		13,348		0		0		19,045		5,697		19,709		22,000		8,652		36,896		off-peak

		400		54.34%		12,335		12,335		0		0		19,045		6,710		26,419		22,000		9,665		46,561		off-peak

		500		50.11%		11,375		11,375		0		0		19,045		7,670		34,089		22,000		10,625		57,186		off-peak

		600		50.56%		11,477		11,477		0		0		19,045		7,568		41,657		22,000		10,523		67,709		off-peak

		700		56.56%		12,839		12,839		0		0		19,045		6,206		47,863		22,000		9,161		76,870		off-peak

		800		67.40%		15,300		15,300		0		0		19,045		3,745		51,608		22,000		6,700		83,570		off-peak

		900		74.99%		17,023		17,023		0		0		16,824		-199		51,409		14,324		-2,699		80,871		on-peak

		1000		80.68%		18,314		18,314		0		0		16,824		-1,490		49,918		14,324		-3,991		76,880		on-peak

		1100		84.25%		19,125		19,125		0		0		16,824		-2,301		47,618		14,324		-4,801		72,079		on-peak

		1200		91.39%		20,746		20,746		0		0		16,824		-3,922		43,696		14,324		-6,422		65,657		on-peak

		1300		92.97%		21,104		21,104		0		0		16,824		-4,280		39,416		14,324		-6,781		58,876		on-peak

		1400		94.75%		21,508		21,508		0		0		16,824		-4,684		34,731		14,324		-7,185		51,691		on-peak

		1500		99.16%		22,509		22,509		0		0		16,824		-5,685		29,046		14,324		-8,186		43,506		on-peak

		1600		100.00%		22,700		22,700		0		0		16,824		-5,876		23,170		14,324		-8,376		35,129		on-peak

		1700		99.64%		22,618		22,618		0		0		16,824		-5,794		17,376		14,324		-8,295		26,834		on-peak

		1800		97.38%		22,105		22,105		0		0		16,824		-5,281		12,094		14,324		-7,782		19,053		on-peak

		1900		92.85%		21,077		21,077		0		0		16,824		-4,253		7,841		14,324		-6,753		12,299		on-peak

		2000		91.48%		20,766		20,766		0		0		16,824		-3,942		3,899		14,324		-6,442		5,857		on-peak

		2100		88.90%		20,180		20,180		0		0		16,824		-3,356		543		14,324		-5,857		0		on-peak

		2200		86.29%		19,588		19,588		0		0		19,045		-543		0		22,000		2,412		2,412		off-peak

		2300		77.40%		17,570		17,570		0		0		19,045		1,475		1,475		22,000		4,430		6,842		off-peak

		2400		71.75%		16,287		16,287		0		0		19,045		2,758		4,233		22,000		5,713		12,555		off-peak

		avg tons		17,842		428,206		428,206		0		0		428,206		0		51,608		428,206		0		83,570

		FLH/day		18.86						0						7,670						10,625

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				22,000		tons		22,000		22,000		tons		22,000		22,000		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				4,200		tons		0		0		tons		0		0		tons

						new elec chiller plant				0		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				26,200		tons		22,000		22,000		tons		22,000		22,000		tons

						firm ("N-1") chiller capacity				22,700		tons		18,500		18,500		tons		18,500		18,500		tons

						CHWS temp				41.0		deg F		41.0		30.0		deg F		41.0		30.0		deg F

						CHWR temp				53.6		deg F		53.6		51.8		deg F		53.6		51.8		deg F

						CHW Delta T				12.6		deg F		12.6		21.8		deg F		12.6		21.8		deg F

						TES capacity				0		ton-hrs		51,608		51,608		ton-hrs		83,570		83,570		ton-hrs

						TES volume				0		gals		6,758,154		3,985,805		gals		10,943,676		6,454,331		gals

						TES tank shell height				50.0		ft		50.0		50.0		ft		50.0		50.0		ft

						TES tank diameter				0.0		ft		151.7		116.5		ft		193.0		148.2		ft

						TES land requirement				0		sq ft		26,139		15,998		sq ft		41,214		25,036		sq ft

						TES pump (and HX) capacity				0		tons		7,670		7,670		tons		10,625		10,625		tons

						TES piping distance				0		trench ft		200		200		trench ft		200		200		trench ft

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				1.00		$/gal		0.52		0.62		$/gal		0.45		0.52		$/gal

						TES fluid unit cost				0.02		$/gal		0.02		0.30		$/gal		0.02		0.30		$/gal

						TES land unit cost				0		$/sq ft		0		0		$/sq ft		0		0		$/sq ft

						TES pump (and HX) unit cost				150		$/ton		150		225		$/ton		150		225		$/ton

						TES piping unit cost				2500		$/ft		2500		2300		$/ft		2700		2500		$/ft

						elec chiller installed cost				2,520,000		$		0		0		$		0		0		$

						elec chiller plant installed cost				0		$		0		0		$		0		0		$

						TES tank installed cost				0		$		3,514,240		2,471,199		$		4,924,654		3,356,252		$

						TES fluid installed cost				0		$		135,163		1,195,741		$		218,874		1,936,299		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		1,150,505		1,725,757		$		1,593,755		2,390,632		$

						TES piping installed cost				0		$		500,000		460,000		$		540,000		500,000		$

						total installed cost				2,520,000		$		5,299,908		5,852,697		$		7,277,282		8,183,183		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				22,700		tons		16,824		16,824		tons		14,324		14,324		tons

						unit power at peak				0.74		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				16,798		kW		12,618		13,459		kW		10,743		11,459		kW

						on-peak demand rate				9.79		$/kW-mo		9.79		9.79		$/kW-mo		9.79		9.79		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				1,974,026		$/yr		1,482,804		1,581,658		$/yr		1,262,428		1,346,590		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,031,351		9,031,351		T-hr/yr		14,624,731		14,624,731		T-hr/yr

						unit elec energy consumption				0.74		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,773,513		6,773,513		kWh/yr		10,968,548		10,968,548		kWh/yr

						differential elec energy rate				0.0232		$/kWh		0.0232		0.0232		$/kWh		0.0232		0.0232		$/kWh

						subtot annual elec energy svgs				0		$/yr		157,078		157,078		$/yr		254,361		254,361		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				1,974,026		$/yr		1,325,726		1,424,580		$/yr		1,008,068		1,092,230		$/yr

						annual energy cost saving				0		$/yr		648,299		549,446		$/yr		965,958		881,796		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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2004-F

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		22,000		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2004		peak load:		22,700		tons												Total		22,000		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		14,560		14,560		0		0		19,045		4,485		8,718		22,000		7,440		19,995		off-peak

		200		60.58%		13,752		13,752		0		0		19,045		5,293		14,012		22,000		8,248		28,244		off-peak

		300		58.80%		13,348		13,348		0		0		19,045		5,697		19,709		22,000		8,652		36,896		off-peak

		400		54.34%		12,335		12,335		0		0		19,045		6,710		26,419		22,000		9,665		46,561		off-peak

		500		50.11%		11,375		11,375		0		0		19,045		7,670		34,089		22,000		10,625		57,186		off-peak

		600		50.56%		11,477		11,477		0		0		19,045		7,568		41,657		22,000		10,523		67,709		off-peak

		700		56.56%		12,839		12,839		0		0		19,045		6,206		47,863		22,000		9,161		76,870		off-peak

		800		67.40%		15,300		15,300		0		0		19,045		3,745		51,608		22,000		6,700		83,570		off-peak

		900		74.99%		17,023		17,023		0		0		16,824		-199		51,409		14,324		-2,699		80,871		on-peak

		1000		80.68%		18,314		18,314		0		0		16,824		-1,490		49,918		14,324		-3,991		76,880		on-peak

		1100		84.25%		19,125		19,125		0		0		16,824		-2,301		47,618		14,324		-4,801		72,079		on-peak

		1200		91.39%		20,746		20,746		0		0		16,824		-3,922		43,696		14,324		-6,422		65,657		on-peak

		1300		92.97%		21,104		21,104		0		0		16,824		-4,280		39,416		14,324		-6,781		58,876		on-peak

		1400		94.75%		21,508		21,508		0		0		16,824		-4,684		34,731		14,324		-7,185		51,691		on-peak

		1500		99.16%		22,509		22,509		0		0		16,824		-5,685		29,046		14,324		-8,186		43,506		on-peak

		1600		100.00%		22,700		22,700		0		0		16,824		-5,876		23,170		14,324		-8,376		35,129		on-peak

		1700		99.64%		22,618		22,618		0		0		16,824		-5,794		17,376		14,324		-8,295		26,834		on-peak

		1800		97.38%		22,105		22,105		0		0		16,824		-5,281		12,094		14,324		-7,782		19,053		on-peak

		1900		92.85%		21,077		21,077		0		0		16,824		-4,253		7,841		14,324		-6,753		12,299		on-peak

		2000		91.48%		20,766		20,766		0		0		16,824		-3,942		3,899		14,324		-6,442		5,857		on-peak

		2100		88.90%		20,180		20,180		0		0		16,824		-3,356		543		14,324		-5,857		0		on-peak

		2200		86.29%		19,588		19,588		0		0		19,045		-543		0		22,000		2,412		2,412		off-peak

		2300		77.40%		17,570		17,570		0		0		19,045		1,475		1,475		22,000		4,430		6,842		off-peak

		2400		71.75%		16,287		16,287		0		0		19,045		2,758		4,233		22,000		5,713		12,555		off-peak

		avg tons		17,842		428,206		428,206		0		0		428,206		0		51,608		428,206		0		83,570

		FLH/day		18.86						0						7,670						10,625

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)								Includes a 50% tank cost increase to cover an extreme deep pile foundation, if needed.

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				22,000		tons		22,000		22,000		tons		22,000		22,000		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				4,200		tons		0		0		tons		0		0		tons

						new elec chiller plant				0		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				26,200		tons		22,000		22,000		tons		22,000		22,000		tons

						firm ("N-1") chiller capacity				22,700		tons		18,500		18,500		tons		18,500		18,500		tons

						CHWS temp				41.0		deg F		41.0		30.0		deg F		41.0		30.0		deg F

						CHWR temp				53.6		deg F		53.6		51.8		deg F		53.6		51.8		deg F

						CHW Delta T				12.6		deg F		12.6		21.8		deg F		12.6		21.8		deg F

						TES capacity				0		ton-hrs		51,608		51,608		ton-hrs		83,570		83,570		ton-hrs

						TES volume				0		gals		6,758,154		3,985,805		gals		10,943,676		6,454,331		gals

						TES tank shell height				50.0		ft		50.0		50.0		ft		50.0		50.0		ft

						TES tank diameter				0.0		ft		151.7		116.5		ft		193.0		148.2		ft

						TES land requirement				0		sq ft		26,139		15,998		sq ft		41,214		25,036		sq ft

						TES pump (and HX) capacity				0		tons		7,670		7,670		tons		10,625		10,625		tons

						TES piping distance				0		trench ft		200		200		trench ft		200		200		trench ft

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				1.50		$/gal		0.78		0.93		$/gal		0.68		0.78		$/gal

						TES fluid unit cost				0.02		$/gal		0.02		0.30		$/gal		0.02		0.30		$/gal

						TES land unit cost				0		$/sq ft		0		0		$/sq ft		0		0		$/sq ft

						TES pump (and HX) unit cost				150		$/ton		150		225		$/ton		150		225		$/ton

						TES piping unit cost				2500		$/ft		2500		2300		$/ft		2700		2500		$/ft

						elec chiller installed cost				2,520,000		$		0		0		$		0		0		$

						elec chiller plant installed cost				0		$		0		0		$		0		0		$

						TES tank installed cost				0		$		5,271,360		3,706,799		$		7,386,981		5,034,378		$

						TES fluid installed cost				0		$		135,163		1,195,741		$		218,874		1,936,299		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		1,150,505		1,725,757		$		1,593,755		2,390,632		$

						TES piping installed cost				0		$		500,000		460,000		$		540,000		500,000		$

						total installed cost				2,520,000		$		7,057,028		7,088,297		$		9,739,609		9,861,309		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				22,700		tons		16,824		16,824		tons		14,324		14,324		tons

						unit power at peak				0.74		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				16,798		kW		12,618		13,459		kW		10,743		11,459		kW

						on-peak demand rate				9.79		$/kW-mo		9.79		9.79		$/kW-mo		9.79		9.79		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				1,974,026		$/yr		1,482,804		1,581,658		$/yr		1,262,428		1,346,590		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,031,351		9,031,351		T-hr/yr		14,624,731		14,624,731		T-hr/yr

						unit elec energy consumption				0.74		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,773,513		6,773,513		kWh/yr		10,968,548		10,968,548		kWh/yr

						differential elec energy rate				0.0232		$/kWh		0.0232		0.0232		$/kWh		0.0232		0.0232		$/kWh

						subtot annual elec energy svgs				0		$/yr		157,078		157,078		$/yr		254,361		254,361		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				1,974,026		$/yr		1,325,726		1,424,580		$/yr		1,008,068		1,092,230		$/yr

						annual energy cost saving				0		$/yr		648,299		549,446		$/yr		965,958		881,796		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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2005

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		22,000		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2005		peak load:		24,000		tons												Total		22,000		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		15,394		15,394		0		0		19,836		4,442		8,318		22,000		6,606		16,101		off-peak

		200		60.58%		14,539		14,539		0		0		19,836		5,297		13,615		22,000		7,461		23,562		off-peak

		300		58.80%		14,112		14,112		0		0		19,836		5,724		19,339		22,000		7,888		31,450		off-peak

		400		54.34%		13,042		13,042		0		0		19,836		6,794		26,134		22,000		8,958		40,408		off-peak

		500		50.11%		12,026		12,026		0		0		19,836		7,810		33,943		22,000		9,974		50,382		off-peak

		600		50.56%		12,134		12,134		0		0		19,836		7,702		41,645		22,000		9,866		60,247		off-peak

		700		56.56%		13,574		13,574		0		0		19,836		6,262		47,906		22,000		8,426		68,673		off-peak

		800		67.40%		16,176		16,176		0		0		19,836		3,660		51,566		22,000		5,824		74,497		off-peak

		900		74.99%		17,998		17,998		0		0		18,041		43		51,610		16,210		-1,788		72,709		on-peak

		1000		80.68%		19,363		19,363		0		0		18,041		-1,322		50,288		16,210		-3,153		69,556		on-peak

		1100		84.25%		20,220		20,220		0		0		18,041		-2,179		48,109		16,210		-4,010		65,546		on-peak

		1200		91.39%		21,934		21,934		0		0		18,041		-3,893		44,216		16,210		-5,724		59,822		on-peak

		1300		92.97%		22,313		22,313		0		0		18,041		-4,272		39,944		16,210		-6,103		53,719		on-peak

		1400		94.75%		22,740		22,740		0		0		18,041		-4,699		35,245		16,210		-6,530		47,189		on-peak

		1500		99.16%		23,798		23,798		0		0		18,041		-5,757		29,488		16,210		-7,588		39,601		on-peak

		1600		100.00%		24,000		24,000		0		0		18,041		-5,959		23,529		16,210		-7,790		31,810		on-peak

		1700		99.64%		23,914		23,914		0		0		18,041		-5,873		17,656		16,210		-7,704		24,107		on-peak

		1800		97.38%		23,371		23,371		0		0		18,041		-5,330		12,326		16,210		-7,161		16,945		on-peak

		1900		92.85%		22,284		22,284		0		0		18,041		-4,243		8,083		16,210		-6,074		10,871		on-peak

		2000		91.48%		21,955		21,955		0		0		18,041		-3,914		4,169		16,210		-5,745		5,126		on-peak

		2100		88.90%		21,336		21,336		0		0		18,041		-3,295		874		16,210		-5,126		0		on-peak

		2200		86.29%		20,710		20,710		0		0		19,836		-874		0		22,000		1,290		1,290		off-peak

		2300		77.40%		18,576		18,576		0		0		19,836		1,260		1,260		22,000		3,424		4,714		off-peak

		2400		71.75%		17,220		17,220		0		0		19,836		2,616		3,876		22,000		4,780		9,494		off-peak

		avg tons		18,864		452,729		452,729		0		0		452,729		-0		51,610		452,729		0		74,497

		FLH/day		18.86						0						7,810						9,974

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				26,200		tons		22,000		22,000		tons		22,000		22,000		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				0		tons		0		0		tons		0		0		tons

						new elec chiller plant				2,100		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				28,300		tons		22,000		22,000		tons		22,000		22,000		tons

						firm ("N-1") chiller capacity				24,800		tons		18,500		18,500		tons		18,500		18,500		tons

						CHWS temp				41.0		deg F		41.0		30.0		deg F		41.0		30.0		deg F

						CHWR temp				53.6		deg F		53.6		51.8		deg F		53.6		51.8		deg F

						CHW Delta T				12.6		deg F		12.6		21.8		deg F		12.6		21.8		deg F

						TES capacity				0		ton-hrs		51,610		51,610		ton-hrs		74,497		74,497		ton-hrs

						TES volume				0		gals		6,758,424		3,985,964		gals		9,755,533		5,753,591		gals

						TES tank shell height				50.0		ft		50.0		50.0		ft		50.0		50.0		ft

						TES tank diameter				0.0		ft		151.7		116.5		ft		182.2		140.0		ft

						TES land requirement				0		sq ft		26,140		15,999		sq ft		36,954		22,485		sq ft

						TES pump (and HX) capacity				0		tons		7,810		7,810		tons		9,974		9,974		tons

						TES piping distance				0		trench ft		200		200		trench ft		200		200		trench ft

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				1.00		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES fluid unit cost				0.02		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES land unit cost				0		$/sq ft		0		0		$/sq ft		0		0		$/sq ft

						TES pump (and HX) unit cost				150		$/ton		0		0		$/ton		0		0		$/ton

						TES piping unit cost				2500		$/ft		0		0		$/ft		0		0		$/ft

						elec chiller installed cost				0		$		0		0		$		0		0		$

						elec chiller plant installed cost				3,780,000		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				3,780,000		$		0		0		$		0		0		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				24,000		tons		18,041		18,041		tons		16,210		16,210		tons

						unit power at peak				0.75		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				18,000		kW		13,531		14,433		kW		12,157		12,968		kW

						on-peak demand rate				9.89		$/kW-mo		9.89		9.89		$/kW-mo		9.89		9.89		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				2,136,432		$/yr		1,605,972		1,713,037		$/yr		1,442,974		1,539,172		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,031,712		9,031,712		T-hr/yr		13,036,940		13,036,940		T-hr/yr

						unit elec energy consumption				0.75		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,773,784		6,773,784		kWh/yr		9,777,705		9,777,705		kWh/yr

						differential elec energy rate				0.0236		$/kWh		0.0236		0.0236		$/kWh		0.0236		0.0236		$/kWh

						subtot annual elec energy svgs				0		$/yr		159,590		159,590		$/yr		230,363		230,363		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				2,136,432		$/yr		1,446,382		1,553,447		$/yr		1,212,611		1,308,809		$/yr

						annual energy cost saving				0		$/yr		690,050		582,985		$/yr		923,821		827,623		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.



&C&"Arial,Bold"&16                  &A

&L&Z&F
.&C&P of &N&R&D  &T



2006

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		22,000		Tons

		Peak Design Day Analysis -																		Addition		4,294		Tons

		2006		peak load:		27,000		tons												Total		26,294		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		17,318		17,318		0		0		21,610		4,292		7,242		26,294		8,976		24,289		off-peak

		200		60.58%		16,357		16,357		0		0		21,610		5,253		12,495		26,294		9,937		34,227		off-peak

		300		58.80%		15,876		15,876		0		0		21,610		5,734		18,229		26,294		10,418		44,645		off-peak

		400		54.34%		14,672		14,672		0		0		21,610		6,938		25,167		26,294		11,622		56,267		off-peak

		500		50.11%		13,530		13,530		0		0		21,610		8,080		33,248		26,294		12,764		69,031		off-peak

		600		50.56%		13,651		13,651		0		0		21,610		7,959		41,206		26,294		12,643		81,674		off-peak

		700		56.56%		15,271		15,271		0		0		21,610		6,339		47,545		26,294		11,023		92,697		off-peak

		800		67.40%		18,198		18,198		0		0		21,610		3,412		50,957		26,294		8,096		100,793		off-peak

		900		74.99%		20,247		20,247		0		0		20,893		646		51,603		16,930		-3,318		97,475		on-peak

		1000		80.68%		21,784		21,784		0		0		20,893		-891		50,712		16,930		-4,854		92,621		on-peak

		1100		84.25%		22,748		22,748		0		0		20,893		-1,854		48,858		16,930		-5,818		86,804		on-peak

		1200		91.39%		24,675		24,675		0		0		20,893		-3,782		45,076		16,930		-7,746		79,058		on-peak

		1300		92.97%		25,102		25,102		0		0		20,893		-4,209		40,867		16,930		-8,172		70,886		on-peak

		1400		94.75%		25,583		25,583		0		0		20,893		-4,689		36,178		16,930		-8,653		62,233		on-peak

		1500		99.16%		26,773		26,773		0		0		20,893		-5,880		30,297		16,930		-9,844		52,389		on-peak

		1600		100.00%		27,000		27,000		0		0		20,893		-6,107		24,190		16,930		-10,070		42,319		on-peak

		1700		99.64%		26,903		26,903		0		0		20,893		-6,010		18,181		16,930		-9,973		32,346		on-peak

		1800		97.38%		26,293		26,293		0		0		20,893		-5,400		12,781		16,930		-9,363		22,983		on-peak

		1900		92.85%		25,070		25,070		0		0		20,893		-4,176		8,605		16,930		-8,140		14,843		on-peak

		2000		91.48%		24,700		24,700		0		0		20,893		-3,807		4,798		16,930		-7,770		7,073		on-peak

		2100		88.90%		24,003		24,003		0		0		20,893		-3,110		1,688		16,930		-7,073		0		on-peak

		2200		86.29%		23,298		23,298		0		0		21,610		-1,688		0		26,294		2,996		2,996		off-peak

		2300		77.40%		20,898		20,898		0		0		21,610		712		712		26,294		5,396		8,392		off-peak

		2400		71.75%		19,373		19,373		0		0		21,610		2,238		2,950		26,294		6,922		15,313		off-peak

		avg tons		21,222		509,320		509,320		0		0		509,320		0		51,603		509,320		-0		100,793

		FLH/day		18.86						0						8,080						12,764

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				28,300		tons		22,000		22,000		tons		22,000		22,000		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				0		tons		4,294		4,294		tons		4,294		4,294		tons

						new elec chiller plant				2,100		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				30,400		tons		26,294		26,294		tons		26,294		26,294		tons

						firm ("N-1") chiller capacity				26,900		tons		22,794		22,794		tons		22,794		22,794		tons

						CHWS temp				41.0		deg F		41.0		30.0		deg F		41.0		30.0		deg F

						CHWR temp				53.6		deg F		53.6		51.8		deg F		53.6		51.8		deg F

						CHW Delta T				12.6		deg F		12.6		21.8		deg F		12.6		21.8		deg F

						TES capacity				0		ton-hrs		51,603		51,603		ton-hrs		100,793		100,793		ton-hrs

						TES volume				0		gals		6,757,532		3,985,438		gals		13,199,070		7,784,511		gals

						TES tank shell height				50.0		ft		50.0		50.0		ft		50.0		50.0		ft

						TES tank diameter				0.0		ft		151.7		116.5		ft		212.0		162.8		ft

						TES land requirement				0		sq ft		26,137		15,997		sq ft		49,271		29,855		sq ft

						TES pump (and HX) capacity				0		tons		8,080		8,080		tons		12,764		12,764		tons

						TES piping distance				0		trench ft		200		200		trench ft		200		200		trench ft

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				1.00		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES fluid unit cost				0.02		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES land unit cost				0		$/sq ft		0		0		$/sq ft		0		0		$/sq ft

						TES pump (and HX) unit cost				150		$/ton		0		0		$/ton		0		0		$/ton

						TES piping unit cost				2500		$/ft		0		0		$/ft		0		0		$/ft

						elec chiller installed cost				0		$		2,576,400		2,898,450		$		2,576,400		2,898,450		$

						elec chiller plant installed cost				3,780,000		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				3,780,000		$		2,576,400		2,898,450		$		2,576,400		2,898,450		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				27,000		tons		20,893		20,893		tons		16,930		16,930		tons

						unit power at peak				0.75		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				20,250		kW		15,670		16,714		kW		12,697		13,544		kW

						on-peak demand rate				9.99		$/kW-mo		9.99		9.99		$/kW-mo		9.99		9.99		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				2,427,521		$/yr		1,878,458		2,003,688		$/yr		1,522,117		1,623,592		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,030,520		9,030,520		T-hr/yr		17,638,758		17,638,758		T-hr/yr

						unit elec energy consumption				0.75		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,772,890		6,772,890		kWh/yr		13,229,068		13,229,068		kWh/yr

						differential elec energy rate				0.0237		$/kWh		0.0237		0.0237		$/kWh		0.0237		0.0237		$/kWh

						subtot annual elec energy svgs				0		$/yr		160,721		160,721		$/yr		313,926		313,926		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				2,427,521		$/yr		1,717,737		1,842,968		$/yr		1,208,191		1,309,666		$/yr

						annual energy cost saving				0		$/yr		709,784		584,553		$/yr		1,219,330		1,117,855		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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2007

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		26,294		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2007		peak load:		27,000		tons												Total		26,294		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		17,318		17,318		0		0		21,610		4,292		7,242		26,294		8,976		24,289		off-peak

		200		60.58%		16,357		16,357		0		0		21,610		5,253		12,495		26,294		9,937		34,227		off-peak

		300		58.80%		15,876		15,876		0		0		21,610		5,734		18,229		26,294		10,418		44,645		off-peak

		400		54.34%		14,672		14,672		0		0		21,610		6,938		25,167		26,294		11,622		56,267		off-peak

		500		50.11%		13,530		13,530		0		0		21,610		8,080		33,248		26,294		12,764		69,031		off-peak

		600		50.56%		13,651		13,651		0		0		21,610		7,959		41,206		26,294		12,643		81,674		off-peak

		700		56.56%		15,271		15,271		0		0		21,610		6,339		47,545		26,294		11,023		92,697		off-peak

		800		67.40%		18,198		18,198		0		0		21,610		3,412		50,957		26,294		8,096		100,793		off-peak

		900		74.99%		20,247		20,247		0		0		20,893		646		51,603		16,930		-3,318		97,475		on-peak

		1000		80.68%		21,784		21,784		0		0		20,893		-891		50,712		16,930		-4,854		92,621		on-peak

		1100		84.25%		22,748		22,748		0		0		20,893		-1,854		48,858		16,930		-5,818		86,804		on-peak

		1200		91.39%		24,675		24,675		0		0		20,893		-3,782		45,076		16,930		-7,746		79,058		on-peak

		1300		92.97%		25,102		25,102		0		0		20,893		-4,209		40,867		16,930		-8,172		70,886		on-peak

		1400		94.75%		25,583		25,583		0		0		20,893		-4,689		36,178		16,930		-8,653		62,233		on-peak

		1500		99.16%		26,773		26,773		0		0		20,893		-5,880		30,297		16,930		-9,844		52,389		on-peak

		1600		100.00%		27,000		27,000		0		0		20,893		-6,107		24,190		16,930		-10,070		42,319		on-peak

		1700		99.64%		26,903		26,903		0		0		20,893		-6,010		18,181		16,930		-9,973		32,346		on-peak

		1800		97.38%		26,293		26,293		0		0		20,893		-5,400		12,781		16,930		-9,363		22,983		on-peak

		1900		92.85%		25,070		25,070		0		0		20,893		-4,176		8,605		16,930		-8,140		14,843		on-peak

		2000		91.48%		24,700		24,700		0		0		20,893		-3,807		4,798		16,930		-7,770		7,073		on-peak

		2100		88.90%		24,003		24,003		0		0		20,893		-3,110		1,688		16,930		-7,073		0		on-peak

		2200		86.29%		23,298		23,298		0		0		21,610		-1,688		0		26,294		2,996		2,996		off-peak

		2300		77.40%		20,898		20,898		0		0		21,610		712		712		26,294		5,396		8,392		off-peak

		2400		71.75%		19,373		19,373		0		0		21,610		2,238		2,950		26,294		6,922		15,313		off-peak

		avg tons		21,222		509,320		509,320		0		0		509,320		0		51,603		509,320		-0		100,793

		FLH/day		18.86						0						8,080						12,764

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				30,400		tons		26,294		26,294		tons		26,294		26,294		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				0		tons		0		0		tons		0		0		tons

						new elec chiller plant				0		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				30,400		tons		26,294		26,294		tons		26,294		26,294		tons

						firm ("N-1") chiller capacity				26,900		tons		22,794		22,794		tons		22,794		22,794		tons

						CHWS temp				41.0		deg F		41.0		30.0		deg F		41.0		30.0		deg F

						CHWR temp				53.6		deg F		53.6		51.8		deg F		53.6		51.8		deg F

						CHW Delta T				12.6		deg F		12.6		21.8		deg F		12.6		21.8		deg F

						TES capacity				0		ton-hrs		51,603		51,603		ton-hrs		100,793		100,793		ton-hrs

						TES volume				0		gals		6,757,532		3,985,438		gals		13,199,070		7,784,511		gals

						TES tank shell height				50.0		ft		50.0		50.0		ft		50.0		50.0		ft

						TES tank diameter				0.0		ft		151.7		116.5		ft		212.0		162.8		ft

						TES land requirement				0		sq ft		26,137		15,997		sq ft		49,271		29,855		sq ft

						TES pump (and HX) capacity				0		tons		8,080		8,080		tons		12,764		12,764		tons

						TES piping distance				0		trench ft		200		200		trench ft		200		200		trench ft

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				1.00		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES fluid unit cost				0.02		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES land unit cost				0		$/sq ft		0		0		$/sq ft		0		0		$/sq ft

						TES pump (and HX) unit cost				150		$/ton		0		0		$/ton		0		0		$/ton

						TES piping unit cost				2500		$/ft		0		0		$/ft		0		0		$/ft

						elec chiller installed cost				0		$		0		0		$		0		0		$

						elec chiller plant installed cost				0		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				0		$		0		0		$		0		0		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				27,000		tons		20,893		20,893		tons		16,930		16,930		tons

						unit power at peak				0.75		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				20,250		kW		15,670		16,714		kW		12,697		13,544		kW

						on-peak demand rate				10.09		$/kW-mo		10.09		10.09		$/kW-mo		10.09		10.09		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				2,451,796		$/yr		1,897,243		2,023,725		$/yr		1,537,338		1,639,828		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,030,520		9,030,520		T-hr/yr		17,638,758		17,638,758		T-hr/yr

						unit elec energy consumption				0.75		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,772,890		6,772,890		kWh/yr		13,229,068		13,229,068		kWh/yr

						differential elec energy rate				0.0240		$/kWh		0.0240		0.0240		$/kWh		0.0240		0.0240		$/kWh

						subtot annual elec energy svgs				0		$/yr		162,328		162,328		$/yr		317,065		317,065		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				2,451,796		$/yr		1,734,915		1,861,398		$/yr		1,220,273		1,322,763		$/yr

						annual energy cost saving				0		$/yr		716,882		590,399		$/yr		1,231,523		1,129,034		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.



&C&"Arial,Bold"&16                  &A

&L&Z&F
.&C&P of &N&R&D  &T



2008

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:

																				Current		26,294		Tons

		Peak Design Day Analysis -																		Addition		0		Tons

		2008		peak load:		29,000		tons												Total		26,294		Tons

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		18,601		18,601		0		0		22,794		4,193		6,527		26,294		7,693		18,298		off-peak

		200		60.58%		17,568		17,568		0		0		22,794		5,225		11,752		26,294		8,726		27,024		off-peak

		300		58.80%		17,052		17,052		0		0		22,794		5,742		17,494		26,294		9,242		36,266		off-peak

		400		54.34%		15,759		15,759		0		0		22,794		7,035		24,529		26,294		10,535		46,801		off-peak

		500		50.11%		14,532		14,532		0		0		22,794		8,262		32,791		26,294		11,762		58,563		off-peak

		600		50.56%		14,662		14,662		0		0		22,794		8,131		40,922		26,294		11,632		70,195		off-peak

		700		56.56%		16,402		16,402		0		0		22,794		6,391		47,313		26,294		9,892		80,086		off-peak

		800		67.40%		19,546		19,546		0		0		22,794		3,248		50,561		26,294		6,748		86,834		off-peak

		900		74.99%		21,747		21,747		0		0		22,794		1,047		51,607		19,832		-1,915		84,919		on-peak

		1000		80.68%		23,397		23,397		0		0		22,794		-604		51,004		19,832		-3,565		81,354		on-peak

		1100		84.25%		24,433		24,433		0		0		22,794		-1,639		49,365		19,832		-4,601		76,753		on-peak

		1200		91.39%		26,503		26,503		0		0		22,794		-3,709		45,655		19,832		-6,671		70,082		on-peak

		1300		92.97%		26,961		26,961		0		0		22,794		-4,168		41,488		19,832		-7,130		62,952		on-peak

		1400		94.75%		27,478		27,478		0		0		22,794		-4,684		36,804		19,832		-7,646		55,306		on-peak

		1500		99.16%		28,756		28,756		0		0		22,794		-5,963		30,841		19,832		-8,925		46,382		on-peak

		1600		100.00%		29,000		29,000		0		0		22,794		-6,206		24,635		19,832		-9,168		37,214		on-peak

		1700		99.64%		28,896		28,896		0		0		22,794		-6,102		18,533		19,832		-9,064		28,150		on-peak

		1800		97.38%		28,240		28,240		0		0		22,794		-5,447		13,086		19,832		-8,408		19,741		on-peak

		1900		92.85%		26,927		26,927		0		0		22,794		-4,133		8,953		19,832		-7,095		12,647		on-peak

		2000		91.48%		26,529		26,529		0		0		22,794		-3,736		5,218		19,832		-6,697		5,949		on-peak

		2100		88.90%		25,781		25,781		0		0		22,794		-2,987		2,230		19,832		-5,949		0		on-peak

		2200		86.29%		25,024		25,024		0		0		22,794		-2,230		0		26,294		1,270		1,270		off-peak

		2300		77.40%		22,446		22,446		0		0		22,794		348		348		26,294		3,848		5,118		off-peak

		2400		71.75%		20,808		20,808		0		0		22,794		1,986		2,334		26,294		5,487		10,604		off-peak

		avg tons		22,794		547,047		547,047		0		0		547,047		0		51,607		547,047		0		86,834

		FLH/day		18.86						0						8,262						11,762

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				30,400		tons		26,294		26,294		tons		26,294		26,294		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				0		tons		0		0		tons		0		0		tons

						new elec chiller plant				2,100		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				32,500		tons		26,294		26,294		tons		26,294		26,294		tons

						firm ("N-1") chiller capacity				29,000		tons		22,794		22,794		tons		22,794		22,794		tons

						CHWS temp				41.0		deg F		41.0		30.0		deg F		41.0		30.0		deg F

						CHWR temp				53.6		deg F		53.6		51.8		deg F		53.6		51.8		deg F

						CHW Delta T				12.6		deg F		12.6		21.8		deg F		12.6		21.8		deg F

						TES capacity				0		ton-hrs		51,607		51,607		ton-hrs		86,834		86,834		ton-hrs

						TES volume				0		gals		6,758,100		3,985,774		gals		11,371,158		6,706,450		gals

						TES tank shell height				50.0		ft		50.0		50.0		ft		50.0		50.0		ft

						TES tank diameter				0.0		ft		151.7		116.5		ft		196.7		151.1		ft

						TES land requirement				0		sq ft		26,139		15,998		sq ft		42,744		25,952		sq ft

						TES pump (and HX) capacity				0		tons		8,262		8,262		tons		11,762		11,762		tons

						TES piping distance				0		trench ft		200		200		trench ft		200		200		trench ft

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				1.00		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES fluid unit cost				0.02		$/gal		0.00		0.00		$/gal		0.00		0.00		$/gal

						TES land unit cost				0		$/sq ft		0		0		$/sq ft		0		0		$/sq ft

						TES pump (and HX) unit cost				150		$/ton		0		0		$/ton		0		0		$/ton

						TES piping unit cost				2500		$/ft		0		0		$/ft		0		0		$/ft

						elec chiller installed cost				0		$		0		0		$		0		0		$

						elec chiller plant installed cost				3,780,000		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				3,780,000		$		0		0		$		0		0		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				29,000		tons		22,794		22,794		tons		19,832		19,832		tons

						unit power at peak				0.76		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				22,040		kW		17,095		18,235		kW		14,874		15,865		kW

						on-peak demand rate				10.19		$/kW-mo		10.19		10.19		$/kW-mo		10.19		10.19		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				2,695,208		$/yr		2,090,526		2,229,895		$/yr		1,818,880		1,940,138		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,031,280		9,031,280		T-hr/yr		15,196,003		15,196,003		T-hr/yr

						unit elec energy consumption				0.75		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,773,460		6,773,460		kWh/yr		11,397,002		11,397,002		kWh/yr

						differential elec energy rate				0.0242		$/kWh		0.0242		0.0242		$/kWh		0.0242		0.0242		$/kWh

						subtot annual elec energy svgs				0		$/yr		163,965		163,965		$/yr		275,887		275,887		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				2,695,208		$/yr		1,926,561		2,065,930		$/yr		1,542,993		1,664,251		$/yr

						annual energy cost saving				0		$/yr		768,647		629,278		$/yr		1,152,215		1,030,957		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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Alt 2 - TES Max Shift
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Chiller Load (Tons)

Comparison of TES Options - 2008



2008-m

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002																		TES Installed Chiller Plant Capacity:						m3/hr

																				Current		26,294		Tons		11,364

		Peak Design Day Analysis -																		Addition		0		Tons		0

		2008		peak load:		29,000		tons												Total		26,294		Tons		11,364

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

										load						load						load

				cooling		cooling		chiller		to (from)		capacity		chiller		to (from)		capacity		chiller		to (from)		capacity

		hour		load		load		load		TES		in TES		load		TES		in TES		load		TES		in TES

		ending		(% of pk)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)		(ton-hrs)

		100		64.14%		18,601		18,601		0		0		22,794		4,193		6,527		26,294		7,693		18,298		off-peak

		200		60.58%		17,568		17,568		0		0		22,794		5,225		11,752		26,294		8,726		27,024		off-peak

		300		58.80%		17,052		17,052		0		0		22,794		5,742		17,494		26,294		9,242		36,266		off-peak

		400		54.34%		15,759		15,759		0		0		22,794		7,035		24,529		26,294		10,535		46,801		off-peak

		500		50.11%		14,532		14,532		0		0		22,794		8,262		32,791		26,294		11,762		58,563		off-peak

		600		50.56%		14,662		14,662		0		0		22,794		8,131		40,922		26,294		11,632		70,195		off-peak

		700		56.56%		16,402		16,402		0		0		22,794		6,391		47,313		26,294		9,892		80,086		off-peak

		800		67.40%		19,546		19,546		0		0		22,794		3,248		50,561		26,294		6,748		86,834		off-peak

		900		74.99%		21,747		21,747		0		0		22,794		1,047		51,607		19,832		-1,915		84,919		on-peak

		1000		80.68%		23,397		23,397		0		0		22,794		-604		51,004		19,832		-3,565		81,354		on-peak

		1100		84.25%		24,433		24,433		0		0		22,794		-1,639		49,365		19,832		-4,601		76,753		on-peak

		1200		91.39%		26,503		26,503		0		0		22,794		-3,709		45,655		19,832		-6,671		70,082		on-peak

		1300		92.97%		26,961		26,961		0		0		22,794		-4,168		41,488		19,832		-7,130		62,952		on-peak

		1400		94.75%		27,478		27,478		0		0		22,794		-4,684		36,804		19,832		-7,646		55,306		on-peak

		1500		99.16%		28,756		28,756		0		0		22,794		-5,963		30,841		19,832		-8,925		46,382		on-peak

		1600		100.00%		29,000		29,000		0		0		22,794		-6,206		24,635		19,832		-9,168		37,214		on-peak

		1700		99.64%		28,896		28,896		0		0		22,794		-6,102		18,533		19,832		-9,064		28,150		on-peak

		1800		97.38%		28,240		28,240		0		0		22,794		-5,447		13,086		19,832		-8,408		19,741		on-peak

		1900		92.85%		26,927		26,927		0		0		22,794		-4,133		8,953		19,832		-7,095		12,647		on-peak

		2000		91.48%		26,529		26,529		0		0		22,794		-3,736		5,218		19,832		-6,697		5,949		on-peak

		2100		88.90%		25,781		25,781		0		0		22,794		-2,987		2,230		19,832		-5,949		0		on-peak

		2200		86.29%		25,024		25,024		0		0		22,794		-2,230		0		26,294		1,270		1,270		off-peak

		2300		77.40%		22,446		22,446		0		0		22,794		348		348		26,294		3,848		5,118		off-peak

		2400		71.75%		20,808		20,808		0		0		22,794		1,986		2,334		26,294		5,487		10,604		off-peak

		avg tons		22,794		547,047		547,047		0		0		547,047		0		51,607		547,047		0		86,834

		FLH/day		18.86						0						8,262						11,762

		ld factor		78.60%

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Capital Cost Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

														CHW		7% SoCool				CHW		7% SoCool

						existing elec chiller plant				30,400		tons		26,294		26,294		tons		26,294		26,294		tons

						existing abs chiller plant				0		tons		0		0		tons		0		0		tons

						new elec chiller				0		tons		0		0		tons		0		0		tons

						new elec chiller plant				2,100		tons		0		0		tons		0		0		tons

						total ("N") chiller capacity				32,500		tons		26,294		26,294		tons		26,294		26,294		tons

						firm ("N-1") chiller capacity				29,000		tons		22,794		22,794		tons		22,794		22,794		tons

						CHWS temp				5.0		deg C		5.0		-1.1		deg C		5.0		-1.1		deg C

						CHWR temp				12.0		deg C		12.0		11.0		deg C		12.0		11.0		deg C

						CHW Delta T				7.0		deg C		7.0		12.1		deg C		7.0		12.1		deg C

						TES capacity				0		ton-hrs		51,607		51,607		ton-hrs		86,834		86,834		ton-hrs

						TES volume				0		m3		25,582		15,102		m3		43,045		25,410		m3

						TES tank shell height				15.24		m		15.24		15.24		m		15.24		15.24		m

						TES tank diameter				0.00		m		46.23		35.52		m		59.97		46.07		m

						TES land requirement				0		m2		3,162		2,072		m2		4,896		3,144		m2

						TES pump (and HX) capacity				0		tons		8,262		8,262		tons		11,762		11,762		tons

						TES piping distance				0		trench m		61		61		trench m		61		61		trench m

						new elec chiller unit cost				600		$/ton		600		675		$/ton		600		675		$/ton

						new elec chiller plant unit cost				1,800		$/ton		1,800		1,875		$/ton		1,800		1,875		$/ton

						TES tank unit cost				264.17		$/m3		0.00		0.00		$/m3		0.00		0.00		$/m3

						TES fluid unit cost				5.28		$/m3		0.00		0.00		$/m3		0.00		0.00		$/m3

						TES land unit cost				0		$/m2		0		0		$/m2		0		0		$/m2

						TES pump (and HX) unit cost				150		$/ton		0		0		$/ton		0		0		$/ton

						TES piping unit cost				8,202		$/m		0		0		$/m		0		0		$/m

						elec chiller installed cost				0		$		0		0		$		0		0		$

						elec chiller plant installed cost				3,780,000		$		0		0		$		0		0		$

						TES tank installed cost				0		$		0		0		$		0		0		$

						TES fluid installed cost				0		$		0		0		$		0		0		$

						TES land installed cost				0		$		0		0		$		0		0		$

						TES pump (& HX) installed cost				0		$		0		0		$		0		0		$

						TES piping installed cost				0		$		0		0		$		0		0		$

						total installed cost				3,780,000		$		0		0		$		0		0		$

														Note: Chilled Water TES can also serve as fire protection water storage.

														Note: Low supply temps can reduce capital cost of piping, pumps (& AHUs).

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		Energy Cost Savings Estimates (approximate)

										No Thermal Energy Storage						Alt 1 - TES Load Level						Alt 2 - TES Max Shift

		Electric Demand Charges												CHW		7% SoCool				CHW		7% SoCool

						on-peak elec cooling load				29,000		tons		22,794		22,794		tons		19,832		19,832		tons

						unit power at peak				0.76		kW/ton		0.75		0.80		kW/ton		0.75		0.80		kW/ton

						peak cooling power				22,040		kW		17,095		18,235		kW		14,874		15,865		kW

						on-peak demand rate				10.19		$/kW-mo		10.19		10.19		$/kW-mo		10.19		10.19		$/kW-mo

						maximum demand rate				0.00		$/kW-mo		0.00		0.00		$/kW-mo		0.00		0.00		$/kW-mo

						min. monthly demand "ratchet"				100		% of peak		100		100		% of peak		100		100		% of peak

						smmr months peaking at 100%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						smmr months peaking at ~85%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~65%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~40%				2		mo/yr		2		2		mo/yr		2		2		mo/yr

						wntr months peaking at ~15%				4		mo/yr		4		4		mo/yr		4		4		mo/yr

						subtot on-peak demand cost				2,695,208		$/yr		2,090,526		2,229,895		$/yr		1,818,880		1,940,138		$/yr

		Electric Energy Charges

						annual TES coolling load shift				0		T-hr/yr		9,031,280		9,031,280		T-hr/yr		15,196,003		15,196,003		T-hr/yr

						unit elec energy consumption				0.75		kWh/T-hr		0.75		0.75		kWh/T-hr		0.75		0.75		kWh/T-hr

						annual TES elec energy shift				0		kWh/yr		6,773,460		6,773,460		kWh/yr		11,397,002		11,397,002		kWh/yr

						differential elec energy rate				0.0242		$/kWh		0.0242		0.0242		$/kWh		0.0242		0.0242		$/kWh

						subtot annual elec energy svgs				0		$/yr		163,965		163,965		$/yr		275,887		275,887		$/yr

		Abs Energy Costs

						annual cooling consumption						T-hr/yr				0		T-hr/yr		0		0		T-hr/yr

						unit steam consumption				19.0		lb/T-hr		19.0		19.0		lb/T-hr		19.0		19.0		lb/T-hr

						annual steam energy use				0		Mlb/yr		0		0		Mlb/yr		0		0		Mlb/yr

						steam energy rate				6.63		$/Mlb		6.63		6.63		$/Mlb		6.63		6.63		$/Mlb

						unit elec energy consumption				0.20		kWh/T-hr		0.20		0.20		kWh/T-hr		0.20		0.20		kWh/T-hr

						annual elec energy use				0		kWh/yr		0		0		kWh/yr		0		0		kWh/yr

						elec energy rate						$/kWh						$/kWh						$/kWh

						subtot annual abs energy cost				0		$/yr		0		0		$/yr		0		0		$/yr

						total annual energy cost				2,695,208		$/yr		1,926,561		2,065,930		$/yr		1,542,993		1,664,251		$/yr

						annual energy cost saving				0		$/yr		768,647		629,278		$/yr		1,152,215		1,030,957		$/yr

														Note: TES savings are conservative and add flexibility for a deregulated market.

														Note: Operation at reduced supply temp can reduce pump (& fan) energy use.
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2008-m

		18600.6		22793.6375		26294

		17568.2		22793.6375		26294

		17052		22793.6375		26294

		15758.6		22793.6375		26294

		14531.9		22793.6375		26294

		14662.4		22793.6375		26294

		16402.4		22793.6375		26294

		19546		22793.6375		26294

		21747.1		22793.6375		19831.7923076923

		23397.2		22793.6375		19831.7923076923

		24432.5		22793.6375		19831.7923076923

		26503.1		22793.6375		19831.7923076923

		26961.3		22793.6375		19831.7923076923

		27477.5		22793.6375		19831.7923076923

		28756.4		22793.6375		19831.7923076923

		29000		22793.6375		19831.7923076923

		28895.6		22793.6375		19831.7923076923

		28240.2		22793.6375		19831.7923076923

		26926.5		22793.6375		19831.7923076923

		26529.2		22793.6375		19831.7923076923

		25781		22793.6375		19831.7923076923

		25024.1		22793.6375		26294

		22446		22793.6375		26294

		20807.5		22793.6375		26294



Cooling Load - No TES

Alt 1 - TES Load Level

Alt 2 - TES Max Shift

Hour of the Day

Chiller Load (Tons)

Comparison of TES Options - 2008



NPV

		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		NPV Analysis (Canadian $)						Comparison of NPV of 2008 Alt 1 - TES Load Level CHW Tank versus Non-TES Base Case

		20		yrs

		8.0		APR																		20-yr Totals

								Yr 2004		Yr 2005		Yr 2006		Yr 2007		Yr 2008		Yrs 2009-2023				(2004-2023)

		Capacity Additions

				Non-TES Case

				Chiller Plant (tons)				4,200		2,100		2,100		0		2,100		0				10,500		tons

				TES Case

				Chiller Plant (tons)				0		0		4,294		0		0		0				4,294		tons

				TES (ton-hours)				51,608		0		0		0		0		0				51,608		ton-hrs

		Capital Costs

				Non-TES Case Capital				2,520,000		3,780,000		3,780,000		0		3,780,000		0				$13,860,000

				TES Case Capital				5,299,908		0		2,576,400		0		0		0				$7,876,308

				TES Case Capital Svgs				(2,779,908)		3,780,000		1,203,600		0		3,780,000		0				$5,983,692

		Operating Costs

				TES Case Energy Svgs				648,299		690,050		709,784		716,882		768,647		11,529,703				$15,063,365

				TES Case O&M Staff Svgs				0		100,000		100,000		100,000		100,000		1,500,000				$1,900,000

				TES Case Operating Svgs				648,299		790,050		809,784		816,882		868,647		13,029,703				$16,963,365

		Total Capital + Operating Costs

				Total TES Case Savings				(2,131,608)		4,570,050		2,013,384		816,882		4,648,647		13,029,703				$22,947,057

																		868,647		per year

																		7,435,164		NPV in 2009

		NPV (in 2004) of Total TES Savings						(2,131,608)		4,231,528		1,726,152		648,467		3,416,894		5,060,248				$12,951,681
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		CHW Analysis - University of Alberta - Edmonton, Alberta

		The Cool Solutions Company - all rights reserved - JS Andrepont - November 27, 2002

		NPV Analysis (Canadian $)						Comparison of NPV of 2008 Alt 1 - TES Load Level CHW Tank versus Non-TES Base Case

		20		yrs

		8.0		APR																		20-yr Totals

								Yr 2004		Yr 2005		Yr 2006		Yr 2007		Yr 2008		Yrs 2009-2023				(2004-2023)

		Capacity Additions

				Non-TES Case

				Chiller Plant (tons)				4,200		2,100		2,100		0		2,100		0				10,500		tons

				TES Case

				Chiller Plant (tons)				0		0		4,294		0		0		0				4,294		tons

				TES (ton-hours)				51,608		0		0		0		0		0				51,608		ton-hrs

		Capital Costs

				Non-TES Case Capital				2,520,000		3,780,000		3,780,000		0		3,780,000		0				$13,860,000

				TES Case Capital				7,057,028		0		2,576,400		0		0		0				$9,633,428

				TES Case Capital Svgs				(4,537,028)		3,780,000		1,203,600		0		3,780,000		0				$4,226,572

		Operating Costs

				TES Case Energy Svgs				648,299		690,050		709,784		716,882		768,647		11,529,703				$15,063,365

				TES Case O&M Staff Svgs				0		100,000		100,000		100,000		100,000		1,500,000				$1,900,000

				TES Case Operating Svgs				648,299		790,050		809,784		816,882		868,647		13,029,703				$16,963,365

		Total Capital + Operating Costs

				Total TES Case Savings				(3,888,728)		4,570,050		2,013,384		816,882		4,648,647		13,029,703				$21,189,937

																		868,647		per year

																		7,435,164		NPV in 2009

		NPV (in 2004) of Total TES Savings						(3,888,728)		4,231,528		1,726,152		648,467		3,416,894		5,060,248				$11,194,561

								Includes

								50% cost

								increase

								in tank for

								extreme

								deep pile

								foundation,

								if needed.
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TES Flattens Load Profiles for CHP
A few examples:

Texas A&M Univ. Nat’l Inst’s of Health U of Texas at Austin DFW Int’l Airport
College Park, TX Bethesda, MD Austin, TX Dallas / Ft Worth, TX
24,000 Ton-hrs 47,500 Ton-hrs 30 + 52,000 Ton-hrs 90,000 Ton-hrs
50 MW CHP 23 MW CHP >100 MW CHP 110 MW CHP

Flatter profiles = More hrs/yr of fully loaded CHP = Better CHP economics.
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Turbine Inlet Cooling (TIC) of Gas Turbines
• Gas or Combustion Turbine (CT) machines are constant volume.
• High ambient air temps = low air density, mass flow, and power.
• Cooling inlet air with TIC = higher CT power output.
• Various types of TIC:

– Evaporative cooling: low $; needs water; lmtd cooling & power
– Chiller-based cooling: much more cooling & power; higher Cap$
– Chillers with CHW TES (vs Chillers w/o TES):

• reduced chiller plant size & cost (often saves more than $ of TES)
• Increased on-peak power; lower Capital $/kW; TES essentially free!



10

Turbine Inlet Cooling (TIC) of Gas Turbines
A few examples:

Princeton Univ. TECO Chicago MPEA Saudi Electricity Company
Princeton, NJ Houston, TX Chicago, IL Riyadh, Saudi Arabia
40,000 Ton-hrs 70,000 Ton-hrs 123,000 Ton-hrs 190,000 Ton-hrs
1 x 14.6 MW CT 1 x 48 MW CT 3 x 1.1 MW CTs 10 x 75 MW CTs

Hot weather CT outputs are increased by 15 to 30 %, at very low Cap$/MW.
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Optimizing Value via Maximum Flexibility
Changing, new, or future electric markets can reward flexibility:
• Various “demand charge” and “Time-of-Use (TOU)” rates
• “Interruptible” rates
• “Real-Time Pricing (RTP)” rates
• “Coincident Demand” rates
• “Global Adjustment (GA)” charges, as in Ontario, Canada
• Short “Super On-Peak” periods met by rapid response

Some utilities pay cash incentives for peak load mgmt via TES.
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Optimizing Value via Maximum Flexibility
Princeton U - NJ (CHP in 1996, TES in 2005)
15,000 Tons of electric & non-electric chillers
14.6 MW CT, with TIC recovering 2.5 MW
40,000 Ton-hr LT Fluid TES (32/56 °F) in 2.7 M gallons
Low supply temp enhances capacity of DC network (and CT output via TIC).
Real-time hourly electric prices.  Can fully discharge TES in only 4 hours.
On some days, TES cycles more than 100% of TES capacity, discharging ~33% 
in morning, recharging mid-day, then discharging 100% in late afternoon.
All combined: <2 MW on-peak grid purchase, meets 27 MW campus demand.

In 2012’s Superstorm Sandy, PU was haven/staging point for 1st responders.
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Optimizing Value via Maximum Flexibility
TECO - Houston, TX (CHP & TES in 2010)
Serves Texas Med Ctr, world’s largest med complex
120,000 Tons of electric & non-electric chillers
48 MW CT, with TIC recovering 10.4 MW
70,000 Ton-hr CHW TES (40/53 °F) in 8.8 M gallons
Convertible to LT Fluid TES, e.g. for 107,000 Ton-hrs at 32/52 °F
Real-time hourly electric prices.  Can fully discharge TES in only 5 hours.
Some nights (w/ excess wind), they are paid ~$0.10/kWh to recharge TES.
Some days (grid peaks), TES saved up to ~$3.00/kWh or ~$25,000 per hour.

Through 2017’s Hurricane Harvey, TECO maintained service to its customers.
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Capturing Capital Savings – How & When
• Without TES, installed chiller plant capacity must be equal to 

instantaneous peak load, plus any necessary spare capacity.
• But with TES, installed chiller plant capacity need only equal 

24-hr peak day average load, plus necessary spare capacity.
• Saving in chiller plant CapEx offsets CapEx of TES.
• For large-scale CHW TES, this is often a net CapEx saving.
• This occurs if TES is used in lieu of some non-TES investment:

1. New Construction
2. Retrofit Expansion
3. Retirement / Replacement of Aging Chiller Plant Equip



15

Capturing Capital Savings – A Few Examples
TES CHW TES Savings vs. Non-TES Chiller Plants
Project Capacity Annual Initial Net
Type Owner (ton-hrs) Operating Savings Capital Savings
retro Washington St U 17,750 $    260,000 / yr $ 1 to 2 million
new Lisbon Distr Energy   39,800 $ 1,160,000 / yr $ 2.5 million
retro U of Alberta 60,000 $    600,000 / yr $ 4 million
new Chrysler R&D 68,000 >$ 1,000,000 / yr $ 3.6 million
retro DFW Airport 90,000 ~$ 2,000,000 / yr $ 6 million
retro OUCooling district 160,000 >$    500,000 / yr >$ 5 million
Net Capital Savings accrue from downsizing chiller plants, while
adding CHW TES during new construction or retro expansions.
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Capturing Capital Savings – Case Study
Chrsyler Motors corporate R&D center
Auburn Hills, Michigan (new construction)
• Peak cooling load = ~16,000 Tons
• If no TES, needed chillers = 17,700 Tons
• With TES, only need chillers = 11,400 Tons
• 68,000 ton-hrs of CHW TES (at 43/61 °F CHWS/R temps) in two 3 Mgal tanks
• CHW TES tanks also provide dual-use as emergency fire protection
• TES peak load shift = 7,600 Tons (~5.3 MW electric)
• Annual demand charge savings of over $1 million

And by down-sizing chiller plant by 6,300 Tons (to match avg vs peak load), 
CHW TES produced an immediate net capital cost saving of $3.6 million.
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Conclusions and Recommendations
• CHP and TES each provide similar, important benefits for DE.
• But combined, they are often complementary (not redundant).
• Large CHW TES can also reduce capital costs (vs chiller plants).
• Consider TES whenever planning CHP, TIC, or Energy Storage.
• Consider TES especially when planning Chilled Water capacity 

investments, specifically at times of:
– New construction,
– Retrofit capacity expansions, or
– Retirement / replacement of aging thermal plant equipment.



Questions / Discussion ?
Or for a copy of this presentation, contact:

John S. Andrepont
The Cool Solutions Company
CoolSolutionsCo@aol.com
tel: 1-630-353-9690
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