USING THERMAL ENERGY STORAGE FOR DATA CENTER COOLING
Ice storage for data centers offer a very effective method of cutting electric power costs for owners and easing demand on the power grid, but are not necessarily the right choice for reducing power consumption for end users. Especially if your trying to represent an energy efficient image.
Thermal storage systems have been around for decades and include various components and methods to store and retrieve pre-cooled medium.  Ice storage has been popular in large commercial applications located in regions with high peak (day time) utility energy costs and a much lower off-peak (night time) cost.

The concept is fairly simple; use the building air conditioning equipment during off-hours to make ice or brine permanently stored in a thermal containment system.  Then use the ice during peak hours to cool the building chilled water loop. The making of ice occurs during traditional non-business hours when electricity is cheaper and the building cooling load may be met using minimal cooling equipment.  The unused chillers are then reassigned to make ice.  As morning, peak hours approach, the chillers are re-configured automatically to serve a base cooling load while returning building chilled water is diverted to the ice storage tanks.  This system is commonly referred to as “peak shaving” or “load leveling” where the buildings peak cooling load profile is leveled to the output of one chiller only and the remaining load satisfied with melted ice.  Some trade-off of capital costs is available by under-sizing the chiller plant and reassigning the cost to ice storage systems.  A complex control system monitors everything from space and water temperatures to outdoor air conditions and weather forecast to predict ice storage needs for the next twenty four hour period.  Obviously, in some climate zones, the building cooling load profile changes with outdoor conditions and the need for ice fluctuates accordingly.  Figure-1 indicates a typical load profile for a 40,000 SF office building on a design day located in the Austin Texas area.
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Figure-1 Typical Load Profile for 40,000 SF Office Building
A typical, commercial office building has a variable load profile resulting from high solar, transmission and internal loads during peak hours and much lower loads during off-peak hours. This allows for the reassignment of cooling equipment during off-peak hours for ice making.  The more difficult characteristic of this system is predicting how much ice will be needed the next day as the majority of the peak loads are based on unpredictable solar heat gains and occupancy loads.

A data center; however, includes a very different load profile.  The load within today’s typical technology space follows a very flat profile that changes only slightly with relation to the exterior environment.  Even in the warmest climates, the envelope loads represent only 2% to 5% of the total, peak cooling load.  Figure-2 shows the load profile for the same 40,000 square foot building located in Austin Texas, with 20,000 square feet of raised floor data center without thermal storage.
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Figure-2 Typical Daily Load Profile for 20,000 SF Data Center
The off-peak loads within a typical data center are about equal to the peak loads even on a design day.    This makes ice storage using the plants own equipment difficult.  Data centers include some redundant components to improve system reliability; however, employing these additional machines for ice making increases risk of plant failure and in the case of N+1 installations, only provides a limited supply of ice making capability.  Additional chillers are needed to provide both an effective and reliable ice making plant. Figure three shows the same data center with ice making chillers added.
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Figure 3 Typical Daily Load Profile for 20,000 SF Data Center with Ice Storage
The result of the added ice making equipment is a significant reduction in peak cooling power requirements.  Some characteristics you will want to pay close attention to include the cost savings versus energy savings.  While the ice storage system provides a lower energy cost, it actually consumes more overall power. This is due to the ice making chiller efficiencies.  In order to generate 24ºF or 28ºF glycol, temperatures needed to freeze water or ethylene slurries, the chillers need to work much harder than the base load chillers, which generate only 45ºF to 48ºF chilled water.  This extra compressor work results in a higher kW per ton during ice making stages.  More power is consumed but at the lower off-peak utility rates resulting in an overall lower cost.  For the option presented, the chillers will consume 5% more power but will save nearly 16% of chiller operating power cost over the base.  If the chillers represent 12% of the overall data center power consumption, as is typical for a center with a PUE of 1.50, the added power usage is 0.6% and the electric power cost savings is 1.9% of the overall totals. This example uses the special rate structure offered by Austin Energy for thermal energy storage. Different utilities in North America provide very different rate structures that could enhance or limit savings for ice storage.  Careful research is needed to assess which specific rate structures may be best suited for peak shaving systems.  Typical rate structures include peak and off peak generation costs per kWh, a transmission rate and a monthly demand charge. The demand charge should include a separate off-peak rate for an ice storage system to be cost effective. If the peak monthly demand charge is measured during off-peak hours when ice making is occurring simultaneously with building cooling, and the off-peak charges are not significantly lower than peak rates, a sizeable charge will be incurred each month, in addition to usage, that will suppress any economic benefits.  (Before any consideration is given to thermal storage, check the utility rate structure and also check if any rebate programs are available for peak shaving or load leveling). The only real benefit here is economic and only if the utility rates are favorable.  The tables below show the result of the same example data center located in both Austin Texas and Washington DC.  As you can see, the same data center with ice storage installed in the Washington DC area will not see any cost savings.  In fact, due to the typical time of use demand charge for the Washington utility, the annual cost will be significantly more.

Table 1 A & B Annual Chiller Power Cost & Usage Comparisons
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demand Cost $/kWh

Peak 6 10 1,825 503 917,975 0.018 14.030 $58,866 0.064

Off-Peak 6 14 2,555 503 1,285,165 0.018 0.000 $23,133 0.018

Peak 6 10 1,825 503 917,975 0.018 12.650 $54,701 0.060

Off-Peak 6 14 2,555 503 1,285,165 0.018 0.000 $23,133 0.018

TOTALS WITHOUT ICE STORAGE 4,406,280 $159,833 0.036

Mos.

Hours/

day Hrs

kW 

Demand kWh $/kWh

$/kW 

demand Cost $/kWh

Peak 6 10 1,825 216 394,200 0.018 14.030 $28,267 0.072

Off-Peak 6 14 2,555 870 2,222,850 0.018 0.000 $40,011 0.018

Peak 6 10 1,825 216 394,200 0.018 12.650 $26,184 0.066

Off-Peak 6 14 2,555 870 2,222,850 0.018 0.000 $40,011 0.018

TOTALS WITH ICE STORAGE 5,234,100 $134,474 0.026

TOTAL CHILLER POWER SAVINGS -827,820 -18.8% $25,359 15.9%

WITHOUT ICE STORAGE

WITH ISE STORAGE

Summer

Winter

Summer

Winter

AUSTIN TEXAS

NOTE: The peak demand charge is based on 50% of the normal (non TES) system peak demand per the utility company agreement.
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Peak 5 10 1,521 503 764,979 0.135 6.346 $119,272 0.156

Off-Peak 5 14 2,129 503 1,070,971 0.135 6.242 $160,334 0.150

Peak 7 10 2,129 503 1,070,971 0.126 5.730 $155,621 0.145

Off-Peak 7 14 2,981 503 1,499,359 0.126 6.242 $211,603 0.141

TOTALS WITHOUT ICE STORAGE 4,406,280 $646,830 0.147
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Peak 5 10 1,521 216 328,500 0.135 6.346 $51,218 0.156

Off-Peak 5 14 2,129 870 1,852,375 0.135 6.242 $277,317 0.150

Peak 7 10 2,129 216 459,900 0.126 5.730 $66,827 0.145

Off-Peak 7 14 2,981 870 2,593,325 0.126 6.242 $365,993 0.141

8,760 5,234,100 $761,356 0.145

TOTAL CHILLER POWER SAVINGS -827,820 -18.8% -$114,526 -17.7%
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The other winner here is the utility company.  The largest, single, end-use load on any power utility is air conditioning.  By shifting this load from peak to off-peak hours, the utilities will observe lower peak demands on power plants and grids resulting in deferred construction of new plants and grid expansion.  There is also an argument that some utilities may increase their own power efficiencies by avoiding the need to “power on” older, less efficient plants during peak hours and this efficiency increase will balance the efficiency loss observed by the ice making chillers. This is the reason most utilities will offer rebates for a system that, while less efficient than others, will shift load away from peak hours.  
One added benefit of ice storage is the inherent ability to continue cooling with the chillers off.  Having large quantities of ice connected to your loop water acts as a battery of spare cooling capacity.  By adding 2 to 3 hundred ton-hours of storage to the above example, an additional 15 minutes of cooling would be available to the system for emergency use.  Most current data center chillers are not connected to a UPS and require restart after a power outage.  Today’s chillers require only a few minutes to start from a cold stop; however, restarting a chiller that was at significant load only seconds earlier may require a longer period of time for a proper, safe start-up.  Most chilled water systems include large quantities of stored chilled water in either indoor or heavily insulated outdoor tanks.  Stored ice allows smaller quantities of water at a lower temperature, saving space and insulation surface area compared to typical chilled water storage systems.  The added load to the system is minimal once the ice is made as the only energy loss is thermal transmission through insulated ice tank walls.  Once frozen, a very small flow of cooling water is needed to maintain the emergency ice stores.
For more information on how your data center may benefit from a thermal energy storage system, or to discuss other cost saving options that may also reduce your power consumption, contact Eric Fournier at The Fortress International Group 410.423.7447 efournier@TheFIGI.com.
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						BALTIMORE MARYLAND

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		503		764,979		$0.01687		$3.18681		$20,920		$0.0273

								Off-Peak		5		14		2,129		503		1,070,971		$0.01687		$1.15325		$20,968		$0.0196

						Winter		Peak		7		10		2,129		503		1,070,971		$0.01687		$0.00000		$18,067		$0.0169

								Off-Peak		7		14		2,981		503		1,499,359		$0.01687		$1.15325		$29,355		$0.0196

																		4,406,280						$89,310		$0.0203

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		216		328,500		$0.01687		$3.18681		$8,984		$0.0273

								Off-Peak		5		14		2,129		870		1,852,375		$0.01687		$1.15325		$36,266		$0.0196

						Winter		Peak		7		10		2,129		216		459,900		$0.01687		$0.00000		$7,759		$0.0169

								Off-Peak		7		14		2,981		870		2,593,325		$0.01687		$1.15325		$50,773		$0.0196

																		5,234,100						$103,781		$0.0198

																		-827,820		-18.8%				-$14,471		-16.2%

						WASHINGTON DC

						WITHOUT ICE STORAGE				Mos.		Hours/ day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		503		764,979		0.135		6.346		$119,272		0.156

								Off-Peak		5		14		2,129		503		1,070,971		0.135		6.242		$160,334		0.150

						Winter		Peak		7		10		2,129		503		1,070,971		0.126		5.730		$155,621		0.145

								Off-Peak		7		14		2,981		503		1,499,359		0.126		6.242		$211,603		0.141

																TOTALS WITHOUT ICE STORAGE		4,406,280						$646,830		0.147

						WITH ISE STORAGE				Mos.		Hours/day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		216		328,500		0.135		6.346		$51,218		0.156

								Off-Peak		5		14		2,129		870		1,852,375		0.135		6.242		$277,317		0.150

						Winter		Peak		7		10		2,129		216		459,900		0.126		5.730		$66,827		0.145

								Off-Peak		7		14		2,981		870		2,593,325		0.126		6.242		$365,993		0.141

														8,760				5,234,100						$761,356		0.145

																TOTAL CHILLER POWER SAVINGS		-827,820		-18.8%				-$114,526		-17.7%

						AUSTIN TEXAS

						WITHOUT ICE STORAGE				Mos.		Hours/ day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						Summer		Peak		6		10		1,825		503		917,975		0.018		14.030		$58,866		0.064

								Off-Peak		6		14		2,555		503		1,285,165		0.018		0.000		$23,133		0.018

						Winter		Peak		6		10		1,825		503		917,975		0.018		12.650		$54,701		0.060

								Off-Peak		6		14		2,555		503		1,285,165		0.018		0.000		$23,133		0.018

																TOTALS WITHOUT ICE STORAGE		4,406,280						$159,833		0.036

						WITH ISE STORAGE				Mos.		Hours/day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						Summer		Peak		6		10		1,825		216		394,200		0.018		14.030		$28,267		0.072

								Off-Peak		6		14		2,555		870		2,222,850		0.018		0.000		$40,011		0.018

						Winter		Peak		6		10		1,825		216		394,200		0.018		12.650		$26,184		0.066

								Off-Peak		6		14		2,555		870		2,222,850		0.018		0.000		$40,011		0.018

																TOTALS WITH ICE STORAGE		5,234,100						$134,474		0.026

																TOTAL CHILLER POWER SAVINGS		-827,820		-18.8%				$25,359		15.9%

						SAN FRANCISCO CALIFORNIA

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		6		6		1,095		503		550,785		$0.15553		$13.51000		$126,437		$0.2296

								Part-Peak		6		4		730		503		367,190		$0.10556		$3.07000		$48,026		$0.1308

								Off-Peak		6		14		2,555		503		1,285,165		$0.08506		$7.70000		$132,555		$0.1031

						Winter		Peak		6		10		1,825		503		917,975		$0.09348		$1.04000		$88,951		$0.0969

								Off-Peak		6		14		2,555		503		1,285,165		$0.08189		$7.70000		$128,481		$0.1000

																		4,406,280						$524,449		$0.1190

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		6		6		1,095		216		236,520		$0.15553		$13.51000		$54,295		$0.2296

								Part-Peak		6		4		730		216		157,680		$0.10556		$3.07000		$20,623		$0.1308

								Off-Peak		6		14		2,555		870		2,222,850		$0.08506		$7.70000		$229,270		$0.1031

						Winter		Peak		6		10		1,825		216		394,200		$0.09348		$1.04000		$38,198		$0.0969

								Off-Peak		6		14		2,555		870		2,222,850		$0.08189		$7.70000		$222,223		$0.1000

																		5,234,100						$564,609		$0.1079

																		-827,820		-18.8%				-$40,160		-7.7%
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				PEPCO

				Maryland				SUMMER		WINTER

								5 Months		7 Months

				Transmission		kWh		$0.00159		$0.00159

						Peak demand		$0.59280

						Max demand		$0.16090		$0.16090

						Tax		2.0408%		2.0408%

				Distribution		Customer charge		$36.26000		$36.26000

						kWh		$0.00981		$0.00981

						Peak demand		$2.49690

						Max demand		$0.95830		$0.95830

				Misc		Delivery tax		0.70%		0.70%

						Environmental surcharge		$0.00512		0.005123

						Tax		2.0408%		2.0408%

						Usage kWh		$0.01687		$0.01687

						Peak demand		$3.18681		$0.00000

						Max demand		$1.15325		$1.15325

				PEPCO

				District of Columbia				SUMMER		WINTER

								5 Months		7 Months

				Generation		kWh Peak		$0.12399		$0.11541

						kWh Intermediate		$0.12399		$0.11541

						kWh Off-Peak		$0.12399		$0.11541

						kW Demand Peak		$0.00000		$0.00000

						kW Demand Max		$0.00000		$0.00000

				Transmission		kWh		$0.00096		$0.00096

						Peak demand		$0.61640		$0.00000

						Max demand		$0.51230		$0.51230

				Distribution		Customer charge		$138.82000		$138.82000

						kWh		$0.01010		$0.01010

						Max demand		$5.73000		$5.73000

				Misc		Delivery tax		$0.00770		$0.00770

						Usage kWh Peak		$0.13505		$0.12647

						Usage kWh Intermediate		$0.13505		$0.12647

						Usage kWh Off-Peak		$0.13505		$0.12647

						Peak demand		$6.34640		$5.73000

						Max demand		$6.24230		$6.24230

				PG&E

				California				SUMMER		WINTER

								5 Months		7 Months

				Demand		Customer charge		$13.55000		$13.55000

						Max peak demand kW		$0.00981		$0.00981

						Peak demand		$2.49690

						Max demand		$0.95830		$0.95830

				Misc		Delivery tax		0.70%		0.70%

						Environmental surcharge		$0.00512		0.005123

						Tax		2.0408%		2.0408%
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						BALTIMORE MARYLAND

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		503		764,979		$0.01687		$3.18681		$20,920		$0.0273

								Off-Peak		5		14		2,129		503		1,070,971		$0.01687		$1.15325		$20,968		$0.0196

						Winter		Peak		7		10		2,129		503		1,070,971		$0.01687		$0.00000		$18,067		$0.0169

								Off-Peak		7		14		2,981		503		1,499,359		$0.01687		$1.15325		$29,355		$0.0196

																		4,406,280						$89,310		$0.0203

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		216		328,500		$0.01687		$3.18681		$8,984		$0.0273

								Off-Peak		5		14		2,129		870		1,852,375		$0.01687		$1.15325		$36,266		$0.0196

						Winter		Peak		7		10		2,129		216		459,900		$0.01687		$0.00000		$7,759		$0.0169

								Off-Peak		7		14		2,981		870		2,593,325		$0.01687		$1.15325		$50,773		$0.0196

																		5,234,100						$103,781		$0.0198

																		-827,820		-18.8%				-$14,471		-16.2%

						WASHINGTON DC

						WITHOUT ICE STORAGE				Mos.		Hours/ day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		503		764,979		0.135		6.346		$119,272		0.156

								Off-Peak		5		14		2,129		503		1,070,971		0.135		6.242		$160,334		0.150

						Winter		Peak		7		10		2,129		503		1,070,971		0.126		5.730		$155,621		0.145

								Off-Peak		7		14		2,981		503		1,499,359		0.126		6.242		$211,603		0.141

																TOTALS WITHOUT ICE STORAGE		4,406,280						$646,830		0.147

						WITH ISE STORAGE				Mos.		Hours/day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						SUMMER		Peak		5		10		1,521		216		328,500		0.135		6.346		$51,218		0.156

								Off-Peak		5		14		2,129		870		1,852,375		0.135		6.242		$277,317		0.150

						Winter		Peak		7		10		2,129		216		459,900		0.126		5.730		$66,827		0.145

								Off-Peak		7		14		2,981		870		2,593,325		0.126		6.242		$365,993		0.141

														8,760				5,234,100						$761,356		0.145

																TOTAL CHILLER POWER SAVINGS		-827,820		-18.8%				-$114,526		-17.7%

						AUSTIN TEXAS

						WITHOUT ICE STORAGE				Mos.		Hours/ day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						Summer		Peak		6		10		1,825		503		917,975		0.018		14.030		$58,866		0.064

								Off-Peak		6		14		2,555		503		1,285,165		0.018		0.000		$23,133		0.018

						Winter		Peak		6		10		1,825		503		917,975		0.018		12.650		$54,701		0.060

								Off-Peak		6		14		2,555		503		1,285,165		0.018		0.000		$23,133		0.018

																TOTALS WITHOUT ICE STORAGE		4,406,280						$159,833		0.036

						WITH ISE STORAGE				Mos.		Hours/day		Hrs		kW Demand		kWh		$/kWh		$/kW demand		Cost		$/kWh

						Summer		Peak		6		10		1,825		216		394,200		0.018		14.030		$28,267		0.072

								Off-Peak		6		14		2,555		870		2,222,850		0.018		0.000		$40,011		0.018

						Winter		Peak		6		10		1,825		216		394,200		0.018		12.650		$26,184		0.066

								Off-Peak		6		14		2,555		870		2,222,850		0.018		0.000		$40,011		0.018

																TOTALS WITH ICE STORAGE		5,234,100						$134,474		0.026

																TOTAL CHILLER POWER SAVINGS		-827,820		-18.8%				$25,359		15.9%

						SAN FRANCISCO CALIFORNIA

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		6		6		1,095		503		550,785		$0.15553		$13.51000		$126,437		$0.2296

								Part-Peak		6		4		730		503		367,190		$0.10556		$3.07000		$48,026		$0.1308

								Off-Peak		6		14		2,555		503		1,285,165		$0.08506		$7.70000		$132,555		$0.1031

						Winter		Peak		6		10		1,825		503		917,975		$0.09348		$1.04000		$88,951		$0.0969

								Off-Peak		6		14		2,555		503		1,285,165		$0.08189		$7.70000		$128,481		$0.1000

																		4,406,280						$524,449		$0.1190

										Months		Hours/day		Hours		kW		kWh		$/kWh		$/kW		Cost		$/kWh

						SUMMER		Peak		6		6		1,095		216		236,520		$0.15553		$13.51000		$54,295		$0.2296

								Part-Peak		6		4		730		216		157,680		$0.10556		$3.07000		$20,623		$0.1308

								Off-Peak		6		14		2,555		870		2,222,850		$0.08506		$7.70000		$229,270		$0.1031

						Winter		Peak		6		10		1,825		216		394,200		$0.09348		$1.04000		$38,198		$0.0969

								Off-Peak		6		14		2,555		870		2,222,850		$0.08189		$7.70000		$222,223		$0.1000

																		5,234,100						$564,609		$0.1079

																		-827,820		-18.8%				-$40,160		-7.7%
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				PEPCO

				Maryland				SUMMER		WINTER

								5 Months		7 Months

				Transmission		kWh		$0.00159		$0.00159

						Peak demand		$0.59280

						Max demand		$0.16090		$0.16090

						Tax		2.0408%		2.0408%

				Distribution		Customer charge		$36.26000		$36.26000

						kWh		$0.00981		$0.00981

						Peak demand		$2.49690

						Max demand		$0.95830		$0.95830

				Misc		Delivery tax		0.70%		0.70%

						Environmental surcharge		$0.00512		0.005123

						Tax		2.0408%		2.0408%

						Usage kWh		$0.01687		$0.01687

						Peak demand		$3.18681		$0.00000

						Max demand		$1.15325		$1.15325

				PEPCO

				District of Columbia				SUMMER		WINTER

								5 Months		7 Months

				Generation		kWh Peak		$0.12399		$0.11541

						kWh Intermediate		$0.12399		$0.11541

						kWh Off-Peak		$0.12399		$0.11541

						kW Demand Peak		$0.00000		$0.00000

						kW Demand Max		$0.00000		$0.00000

				Transmission		kWh		$0.00096		$0.00096

						Peak demand		$0.61640		$0.00000

						Max demand		$0.51230		$0.51230

				Distribution		Customer charge		$138.82000		$138.82000

						kWh		$0.01010		$0.01010

						Max demand		$5.73000		$5.73000

				Misc		Delivery tax		$0.00770		$0.00770

						Usage kWh Peak		$0.13505		$0.12647

						Usage kWh Intermediate		$0.13505		$0.12647

						Usage kWh Off-Peak		$0.13505		$0.12647

						Peak demand		$6.34640		$5.73000

						Max demand		$6.24230		$6.24230

				PG&E

				California				SUMMER		WINTER

								5 Months		7 Months

				Demand		Customer charge		$13.55000		$13.55000

						Max peak demand kW		$0.00981		$0.00981

						Peak demand		$2.49690

						Max demand		$0.95830		$0.95830

				Misc		Delivery tax		0.70%		0.70%

						Environmental surcharge		$0.00512		0.005123

						Tax		2.0408%		2.0408%
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