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Abstract
Technology has advanced exponentially.  However, we see many utility plants are designed utilizing “Rule of Thumb” established many years ago.  This paper will review the “Rule of Thumb” that consultants utilize on our industry and will provide guidelines on how to optimize the system by design utilizing the latest technology.

For the cooling system, the paper will discuss existing rule of thumb for cooling tower system, chilled water supply temperature, chilled water control systems, and cooling load estimates.

For backup/emergency power, the paper will discuss the mostly proactive state-of-the-art system of utilizing Automatic Transfer switches, “ATS” vs. the utilization of smart breakers.
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Rule of Thumb (ROT) Analysis

What is a Rule of Thumb?  Rule of Thumb (ROT) means a method of performing any task, which is typical, usual, regular, average, customary, accepted, and/or traditional.  Every business practices utilizes Rule of Thumb.  As our engineering field requires analytical solutions, Rules of Thumb are frequently utilized in creating solutions.  This is particularly true in today’s environment where time is a precious commodity and expectation to complete tasks in a short time is a norm. Most Rules of Thumbs we practice are years old and were established prior to the last ten years of technology advancement.  The question is, are these Rules of Thumbs still valid based on today’s technology? The goal of this paper is to start this dialogue and continue the discussion for the next few years.

This paper will focus on the following Rules of Thumb primarily utilized in central utility systems.

ROT 1
-
Use 15,000 Btu/hr/Ton to size heat rejection capability of cooling towers.

ROT 2
-
Use 3 gpm per ton for condenser water flow.

ROT 3
-
Use 42oF chilled water supply temperature.

ROT 4
-
Estimate cooling load peak demand for a research laboratory building based on 100% outside air and all labs working simultaneously.

ROT 5
-
Installation of multiple diesel engines for emergency/standby power.

ROT 1
-
15,000 Btu/Ton hr. Heat Rejection to Size Cooling Tower

The 15,000 Btu/Ton hr heat rejection was based on electric motor driven centrifugal machine at 0.88 kw/Ton power consumption at design conditions.  The 15,000 Btu/Ton at 10oF has differential results into 3 gpm/Ton.  Therefore, the Rule of Thumb for the electrical motor driven centrifugal machine is to specify cooling tower at 3 gpm/Ton from 95oF to 85oF.  I was involved as an expert witness in a legal case where an engineer used 3 gpm at 95oF to 85oF for an absorption chiller because he just followed the rule of Thumb without realizing that it was applicable to electric chillers only!  Due to the technological advances the power consumption of the chiller is reduced substantially.  At 0.6 kW/Ton the heat rejection will equate to 12,000 Btu/Ton hr + 0.6 kw/Ton x 3412 Btu/kwh = 14,047 Btu/Ton hr., i.e., even though the technology has made almost 30% improvement in the chiller energy (0.6 kw vs. 0.88 kw), the heat rejection Rule of Thumb for the electric chiller should be changed by 7%, i.e., 15,000 Btu/hr to 14,000 Btu/hr.  Also it should be made clear that this is applicable to only electric motor driven centrifugal machines.  The heat rejection will vary slightly for hermetic chillers as the motor loses are cooled by the refrigerant.  In summary the new ROT should be 14,000 Btu/Ton hr or 3 gpm per ton from 94.3oF to 85oF for the electric motor driven centrifugal chiller.

ROT 2
-
Use 3 gpm/Ton for Condenser Water Flow

The following pie charts represent normal power consumption of a chilled water system when Rule of Thumb were established (figure-1) vs. the present requirements of power consumption per ton of refrigerant at design conditions (figure-2).

The latest advances in technology raises the question if it is possible to reduce the total energy and first cost by reducing condenser water flow to less than 3 gpm per ton? The possible cost impact is a smaller cooling tower (higher temperature differential), smaller condenser water pump and pipes at a cost of higher compressor energy.  There have been many discussions on this topic.  Roy S. Hubbard of York International presented a detailed paper on this topic in the IDEA meeting on February 1998 of colleges and universities.  Roy concluded that lowering the condenser water flow rate to 2 gpm/Ton does not necessarily produce meaningful cost savings and that the energy savings of condenser water pump and cooling tower are not enough to off-set energy increase in the compression power.  
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Our observation is that before deciding the specification for the new chiller, a review of existing condenser water pipe’s delivering capacity is useful.  For a district system such as a large college and university, the main pipes are 20, 24, 30, or 36 inches.  The flow capacity based on good engineering practices for these sizes are as follows:

	Pipe
	Capacity, gpm

	20
	12,000

	24
	16,000

	30
	25,000

	36
	30,000


As seen from above, the flow capacity increases substantially as pipe sizes change. Based on pipe capacity and plant size, what gpm per ton the main pipe can carry?  If it can carry 3 gpm/Ton or more, then your Rule of Thumb for your plant is to use 3 gpm/ton.  If the pipe capacity is 2 gpm/Ton and 3 gpm/Ton will require a new line then the Rule of Thumb for your plant should be 2 gpm/Ton.  In general, the higher the condensing flow rate, the lower the compressor energy, and most of the time once the system is installed the increase in pumping power (if any) or cooling tower fan power is lower then energy saved by the chiller compressor. 

ROT 3
-
Use 42oF Chilled Water Supply Temperature

The lowering of evaporator temperature increases compressor head, and requires smaller coils increasing the results into higher chilled water delta-T and saves power.  Whereas, an increase in the evaporator temperature does the opposite, i.e., decrease compressor power requirement, requiring larger coils, pipes and pumps.  The question is: what should be the ROT with respect to the chilled water supply temperature?

The following table-1 indicates a simple analysis of net energy increase/decrease at various chilled water supply temperature set points. 

Table-1: Energy vs. Chilled Water Temperature
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The above analysis concludes that, even with the latest advances in technology, the higher the chilled water supply set point, the lower the net energy requirement is going to be.  So what should be the ROT?  Rules of Thumb for particular institutes vary substantially.  The technology advances have resulted into higher cooling loads into the existing buildings, subsequently the existing coils cannot meet the requirements and the existing pipe distribution system capacity has no additional capacity.  Thus lowering the chilled water supply temperature from 42oF to 40oF or 38oF can eliminate the need for new coils or modification to the existing distribution piping.  Furthermore, almost every cooling plant we have visited and analyzed, I have found the loss of the cooling capacity due to lower delta-T.  The lowering of supply temperature enables the loading of the chillers to its fullest capacity.  Our experience indicates that even though the theoretical calculation indicates that lowering the chilled water set point requires more energy, realistically lowering the set point to 40oF for the low and high summer months saves on the total cost.  This also makes systems able to load up equipment to its full capacity and improve the comfort condition.

ROT 4
-
Estimate cooling load peak demand for a research laboratory building based on 100% air outside and all labs working simultaneously

In order to facilitate the needs of students and faculty in the past few years, colleges are building large research centers that total over 200,000 sq. ft.  Obviously this is a substantial utility requirement growth for any institute.  The following Table-2 indicates the estimated heating and cooling demand estimated by the building engineers for a large Ivy League college with a medical center/hospital and research buildings in the northeast.

Table-2: Cooling and Heating Load Projection for a Research Building
	Research Bldg. Sq. ft.
	Projected Cooling Tons
	Sq. ft./Ton
	Heating MMBtu/H
	Btu/Sq. ft.

	451,000
	4,000
	113
	83,600
	210


The measured cooling and heating demand for the existing facility and their square footage is summarized in Table-3:

Table-3: Measured Cooling and Heating Demand of a Research Medical Center
	
	Sq. ft.
	Cooling Tons
	Sq. ft/Ton.
	Heating lbs/hr
	Btu H/Sq. ft.

	Heating
	2,712,510
	
	
	175,000
	64.5

	Cooling
	2,136,444
	11,000
	194
	
	


The review of the actual and the projected cooling and heating loads obviously creates doubt on the validity of the load projection.  The basis of the load projection is an actual calculation based on sound engineering practice.  However, our experience indicates that due to the technology change and research practices, the simultaneous use of the entire laboratory hood exhaust load is as low as 40%.  In other words, the load projections are substantially higher than the actual requirements. In real life the installation of the cooling and heating equipment requires millions of dollars; HVAC engineers are unwilling to consider any utility diversification factor in their load projection due to the lack of data and/or experience.

The following data indicated in Figure-3 and Figure-4 provides a summary of the actual cooling and heating loads profiles (peak as well as consumption) for a multi hospital medical center and a research university.  The review indicates that the peak demand curves and monthly consumption curves are identical.  The average cooling load for all three facilities is over 200 sf/ton and heating load is around 65 btu per square foot.
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Figure-3: Monthly Ton-hr Consumption as a percentage of Total Consumption
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Figure-4: Monthly Peak Tons as a Percentage of Peak Demand
Therefore the Rule of Thumb for the colleges building new large research centers is to reduce the HVAC designer load projection.  The percentage reduction is based on cost benefit and the risk analysis of an institute.  Our experience indicates that if you use 70% of the theoretically calculated maximum of the new research center to expand your existing utility plant, there is no risk to your operation.

ROT 5
-
Installation of Multiple Diesel Engines for Emergency / Standby Power

The accepted practice of a ROT for an emergency or a standby power is to install diesel engines in each building and to provide automatic transfer switches.  Obviously this method causes tremendous hardship as it requires the storage of oil tanks, cooling towers and an aesthetically unpleasing structure.  Well, the technology has changed.  The new technology allows one to install standby power in parallel with the utility power and use smart breakers to provide standby power on an as-needed basis.  Our experiences indicates that, due to the advances in the UPS system, the research experiments that require emergency power are equipped with a local UPS system and the emergency lighting is provided by battery packs.  Thus, the need, for the most of the research center, is standby power rather than emergency power.

Almost 10 years ago, we used this new concept at a research complex of a prestigious pharmaceutical firm.  In lieu of diesel engines in each building, we installed a 3.8 MW gas turbine in parallel to the utility service and installed smart breakers controlled by the building automation system to provide standby power.  Later on, we converted the gas turbine system to cogen system on a return on investment basis.  Today, this facility has the lowest operating cost per square feet compared to other similar research centers.

In other words, the accepted practice is to install a number of diesel engines.  The new technology allows us to change this accepted practice with a reliable, cost effective and ascetically pleasing system.  Figure 5 and Figure 6 indicates a one line diagram of an accepted system vs. a system utilizing new technology.

Figure-5: Present Emergency Power Distribution
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Figure-6: Standby Power Distribution Utilizing New Technology
[image: image12.emf]1500 TON ELECTRIC CHILLER WITH AN ARI RATING OF 0.55 KW/TON

Assumed: new system design with 160' THD

 

chw gpm/ton gpm chiller chiller pump bhp  pump kw pump & chiller pump & chiller

options temperature kw/ton kw at full load at full load at full load kw kw/ton

range, F

A 42 - 54 2 3000 0.5665 849.75 150 111.90 961.65 0.6411

B 40 - 54 1.714 2570 0.5834 875.1 130 96.98 972.08 0.6481

C 38 - 54 1.5 2250 0.6 900 114 85.04 985.04 0.6567

ENERGY FOR 1500 FULL LOAD HOURS:

chiller total increase/ percent

options compressor pump energy for decrease in increase in

kwh kwh pump and total kwh energy

chiller (A is base) (A is base)

kwh kwh

 

A 1,274,625 167,850 1,442,475 0 0

 

B 1,312,650 145,470 1,458,120 15,645 1.08

C 1,350,000 127,566 1,477,566 35,091 2.43

UNIT ENERGY COMPARISON WITH CHILLER AT FULL LOAD:

chiller, kw kw increase pump, kw kw reduction total kw/ton

A 850 0.00 111.90 0 0.64

B 875 25.35 96.98 14.92 0.65

C 900 50.25 85.04 26.86 0.66
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						Univ. of Penn from Trefz								Adjusted						Trfefz		Adj				Louisville Medical Center								peak day		peak day		peak day		60%

				Month		Peak		Ton-hrs		%Peak		%Tonhrs		Adj Peak		Adj Ton-hr		kW/ton		WA eff		WA eff				Mton-hrs		%ton-hrs		WA eff				peak tons		avg tons		ton-hrs		ton-hrs		%ton-hrs		WA eff

				Jan		5,605		1,807,751		11.5%		2.5%				1,602,622		0.300		0.007		0.006				609		1.6%		0.005		10.0%		2,079		1,048		25,162		468,013		2.0%		0.0061		18.5%

				Feb		6,360		1,768,919		13.1%		2.4%				1,610,220		0.300		0.007		0.006				587		1.5%		0.005		9.7%		2,494		1,166		27,990		470,232		2.0%		0.0061		22.2%

				Mar		9,695		2,731,811		20.0%		3.7%				2,810,225		0.500		0.019		0.018				732		1.9%		0.010		12.1%		5,056		1,838		44,122		820,669		3.5%		0.0177		45.0%

				Apr		15,530		4,019,058		32.0%		5.5%				5,863,273		0.700		0.039		0.052				2,739		7.2%		0.050		45.1%		6,619		3,964		95,125		1,712,250		7.4%		0.0518		58.9%

				May		25,765		6,564,145		53.0%		9.0%				9,307,270		0.750		0.068		0.088				4,736		12.4%		0.093		78.0%		8,183		6,089		146,129		2,717,999		11.8%		0.0881		72.8%

				Jun		39,135		10,364,155		80.5%		14.2%				11,143,640		0.800		0.114		0.113				5,546		14.6%		0.117		91.4%		9,415		7,533		180,793		3,254,274		14.1%		0.1126		83.7%

				Jul		48,595		13,953,486		100.0%		19.1%		36,000		13,722,983		0.850		0.163		0.147				6,068		15.9%		0.136		100.0%		10,772		8,977		215,458		4,007,519		17.3%		0.1473		95.8%

				Aug		46,070		13,233,325		94.8%		18.2%				13,068,801		0.850		0.154		0.140				5,830		15.3%		0.130		96.1%		11,246		8,549		205,187		3,816,478		16.5%		0.1403		100.0%

				Sep		32,920		8,625,433		67.7%		11.8%				9,237,313		0.850		0.101		0.099				5,118		13.4%		0.114		84.3%		9,954		6,244		149,865		2,697,570		11.7%		0.0991		88.5%

				Oct		17,395		4,681,046		35.8%		6.4%				6,591,309		0.800		0.051		0.067				3,193		8.4%		0.067		52.6%		7,450		4,312		103,487		1,924,858		8.3%		0.0666		66.2%

				Nov		11,255		3,037,856		23.2%		4.2%				2,309,350		0.650		0.027		0.019				1,665		4.4%		0.028		27.4%		3,156		1,511		36,258		674,399		2.9%		0.0190		28.1%

				Dec		6,900		2,105,516		14.2%		2.9%				1,932,993		0.400		0.012		0.010				1,240		3.3%		0.013		20.4%		2,138		1,265		30,349		564,491		2.4%		0.0098		19.0%

				Total/Max		48,595		72,892,501		100.0%		100.0%		36,000		79,200,000				0.761		0.764				38,063		100.0%		0.768										23,128,753		100.0%		0.7644

								1500.0000205783								2200										3,226														2,057
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																																Winter		5,682,186.0		2,436.1		83,501
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																																Hi Summer		32,368,888.5		14,671.0		511041.5

																														Month		Ivy league College No. 1		Large Medical Center		Ivy League College No. 2

																														Jan		11.5%		10.0%		18.5%
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				Jun		39,135		10,364,155		80.5%		14.2%				11,143,640		0.800		0.114		0.113				5,546		14.6%		0.117		91.4%		9,415		7,533		180,793		3,254,274		14.1%		0.1126		83.7%

				Jul		48,595		13,953,486		100.0%		19.1%		36,000		13,722,983		0.850		0.163		0.147				6,068		15.9%		0.136		100.0%		10,772		8,977		215,458		4,007,519		17.3%		0.1473		95.8%

				Aug		46,070		13,233,325		94.8%		18.2%				13,068,801		0.850		0.154		0.140				5,830		15.3%		0.130		96.1%		11,246		8,549		205,187		3,816,478		16.5%		0.1403		100.0%

				Sep		32,920		8,625,433		67.7%		11.8%				9,237,313		0.850		0.101		0.099				5,118		13.4%		0.114		84.3%		9,954		6,244		149,865		2,697,570		11.7%		0.0991		88.5%

				Oct		17,395		4,681,046		35.8%		6.4%				6,591,309		0.800		0.051		0.067				3,193		8.4%		0.067		52.6%		7,450		4,312		103,487		1,924,858		8.3%		0.0666		66.2%

				Nov		11,255		3,037,856		23.2%		4.2%				2,309,350		0.650		0.027		0.019				1,665		4.4%		0.028		27.4%		3,156		1,511		36,258		674,399		2.9%		0.0190		28.1%

				Dec		6,900		2,105,516		14.2%		2.9%				1,932,993		0.400		0.012		0.010				1,240		3.3%		0.013		20.4%		2,138		1,265		30,349		564,491		2.4%		0.0098		19.0%

				Total/Max		48,595		72,892,501		100.0%		100.0%		36,000		79,200,000				0.761		0.764				38,063		100.0%		0.768										23,128,753		100.0%		0.7644

								1500.0000205783								2200										3,226														2,057

																																		ton-hrs		Mton-hrs		ton-hrs

																																		UP forecast		LMC		MIT

																																Winter		5,682,186.0		2,436.1		83,501

																																Shoulder		14,469,771.0		8,329.0		278,992

																																Lo Summer		20,371,655.5		12,627.0		386390.5

																																Hi Summer		32,368,888.5		14,671.0		511041.5

																														Month		Ivy league College No. 1		Large Medical Center		Ivy League College No. 2

																														Jan		11.5%		10.0%		18.5%

																														Feb		13.1%		9.7%		22.2%

																														Mar		20.0%		12.1%		45.0%

																														Apr		32.0%		45.1%		58.9%

																														May		53.0%		78.0%		72.8%

																														Jun		80.5%		91.4%		83.7%

																														Jul		100.0%		100.0%		95.8%

																														Aug		94.8%		96.1%		100.0%

																														Sep		67.7%		84.3%		88.5%

																														Oct		35.8%		52.6%		66.2%

																														Nov		23.2%		27.4%		28.1%

																														Dec		14.2%		20.4%		19.0%
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Sheet1

																																		MIT

						Univ. of Penn from Trefz								Adjusted						Trfefz		Adj				Louisville Medical Center								peak day		peak day		peak day		60%

				Month		Peak		Ton-hrs		%Peak		%Tonhrs		Adj Peak		Adj Ton-hr		kW/ton		WA eff		WA eff				Mton-hrs		%ton-hrs		WA eff				peak tons		avg tons		ton-hrs		ton-hrs		%ton-hrs		WA eff

				Jan		5,605		1,807,751		11.5%		2.5%				1,602,622		0.300		0.007		0.006				609		1.6%		0.005		10.0%		2,079		1,048		25,162		468,013		2.0%		0.0061		18.5%

				Feb		6,360		1,768,919		13.1%		2.4%				1,610,220		0.300		0.007		0.006				587		1.5%		0.005		9.7%		2,494		1,166		27,990		470,232		2.0%		0.0061		22.2%

				Mar		9,695		2,731,811		20.0%		3.7%				2,810,225		0.500		0.019		0.018				732		1.9%		0.010		12.1%		5,056		1,838		44,122		820,669		3.5%		0.0177		45.0%

				Apr		15,530		4,019,058		32.0%		5.5%				5,863,273		0.700		0.039		0.052				2,739		7.2%		0.050		45.1%		6,619		3,964		95,125		1,712,250		7.4%		0.0518		58.9%

				May		25,765		6,564,145		53.0%		9.0%				9,307,270		0.750		0.068		0.088				4,736		12.4%		0.093		78.0%		8,183		6,089		146,129		2,717,999		11.8%		0.0881		72.8%

				Jun		39,135		10,364,155		80.5%		14.2%				11,143,640		0.800		0.114		0.113				5,546		14.6%		0.117		91.4%		9,415		7,533		180,793		3,254,274		14.1%		0.1126		83.7%

				Jul		48,595		13,953,486		100.0%		19.1%		36,000		13,722,983		0.850		0.163		0.147				6,068		15.9%		0.136		100.0%		10,772		8,977		215,458		4,007,519		17.3%		0.1473		95.8%

				Aug		46,070		13,233,325		94.8%		18.2%				13,068,801		0.850		0.154		0.140				5,830		15.3%		0.130		96.1%		11,246		8,549		205,187		3,816,478		16.5%		0.1403		100.0%

				Sep		32,920		8,625,433		67.7%		11.8%				9,237,313		0.850		0.101		0.099				5,118		13.4%		0.114		84.3%		9,954		6,244		149,865		2,697,570		11.7%		0.0991		88.5%

				Oct		17,395		4,681,046		35.8%		6.4%				6,591,309		0.800		0.051		0.067				3,193		8.4%		0.067		52.6%		7,450		4,312		103,487		1,924,858		8.3%		0.0666		66.2%

				Nov		11,255		3,037,856		23.2%		4.2%				2,309,350		0.650		0.027		0.019				1,665		4.4%		0.028		27.4%		3,156		1,511		36,258		674,399		2.9%		0.0190		28.1%

				Dec		6,900		2,105,516		14.2%		2.9%				1,932,993		0.400		0.012		0.010				1,240		3.3%		0.013		20.4%		2,138		1,265		30,349		564,491		2.4%		0.0098		19.0%

				Total/Max		48,595		72,892,501		100.0%		100.0%		36,000		79,200,000				0.761		0.764				38,063		100.0%		0.768										23,128,753		100.0%		0.7644

								1500.0000205783								2200										3,226														2,057

																																		ton-hrs		Mton-hrs		ton-hrs

																																		UP forecast		LMC		MIT

																																Winter		5,682,186.0		2,436.1		83,501

																																Shoulder		14,469,771.0		8,329.0		278,992

																																Lo Summer		20,371,655.5		12,627.0		386390.5

																																Hi Summer		32,368,888.5		14,671.0		511041.5

																														Month		UP		LMC		MIT

																														Jan		11.5%		10.0%		18.5%

																														Feb		13.1%		9.7%		22.2%

																														Mar		20.0%		12.1%		45.0%

																														Apr		32.0%		45.1%		58.9%

																														May		53.0%		78.0%		72.8%

																														Jun		80.5%		91.4%		83.7%

																														Jul		100.0%		100.0%		95.8%

																														Aug		94.8%		96.1%		100.0%

																														Sep		67.7%		84.3%		88.5%

																														Oct		35.8%		52.6%		66.2%

																														Nov		23.2%		27.4%		28.1%

																														Dec		14.2%		20.4%		19.0%
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Sheet1

																																		MIT

						Univ. of Penn from Trefz								Adjusted						Trfefz		Adj				Louisville Medical Center								peak day		peak day		peak day		60%

				Month		Peak		Ton-hrs		%Peak		%Tonhrs		Adj Peak		Adj Ton-hr		kW/ton		WA eff		WA eff				Mton-hrs		%ton-hrs		WA eff				peak tons		avg tons		ton-hrs		ton-hrs		%ton-hrs		WA eff

				Jan		5,605		1,807,751		11.5%		2.5%				1,602,622		0.300		0.007		0.006				609		1.6%		0.005		10.0%		2,079		1,048		25,162		468,013		2.0%		0.0061		18.5%

				Feb		6,360		1,768,919		13.1%		2.4%				1,610,220		0.300		0.007		0.006				587		1.5%		0.005		9.7%		2,494		1,166		27,990		470,232		2.0%		0.0061		22.2%

				Mar		9,695		2,731,811		20.0%		3.7%				2,810,225		0.500		0.019		0.018				732		1.9%		0.010		12.1%		5,056		1,838		44,122		820,669		3.5%		0.0177		45.0%

				Apr		15,530		4,019,058		32.0%		5.5%				5,863,273		0.700		0.039		0.052				2,739		7.2%		0.050		45.1%		6,619		3,964		95,125		1,712,250		7.4%		0.0518		58.9%

				May		25,765		6,564,145		53.0%		9.0%				9,307,270		0.750		0.068		0.088				4,736		12.4%		0.093		78.0%		8,183		6,089		146,129		2,717,999		11.8%		0.0881		72.8%

				Jun		39,135		10,364,155		80.5%		14.2%				11,143,640		0.800		0.114		0.113				5,546		14.6%		0.117		91.4%		9,415		7,533		180,793		3,254,274		14.1%		0.1126		83.7%

				Jul		48,595		13,953,486		100.0%		19.1%		36,000		13,722,983		0.850		0.163		0.147				6,068		15.9%		0.136		100.0%		10,772		8,977		215,458		4,007,519		17.3%		0.1473		95.8%

				Aug		46,070		13,233,325		94.8%		18.2%				13,068,801		0.850		0.154		0.140				5,830		15.3%		0.130		96.1%		11,246		8,549		205,187		3,816,478		16.5%		0.1403		100.0%

				Sep		32,920		8,625,433		67.7%		11.8%				9,237,313		0.850		0.101		0.099				5,118		13.4%		0.114		84.3%		9,954		6,244		149,865		2,697,570		11.7%		0.0991		88.5%

				Oct		17,395		4,681,046		35.8%		6.4%				6,591,309		0.800		0.051		0.067				3,193		8.4%		0.067		52.6%		7,450		4,312		103,487		1,924,858		8.3%		0.0666		66.2%

				Nov		11,255		3,037,856		23.2%		4.2%				2,309,350		0.650		0.027		0.019				1,665		4.4%		0.028		27.4%		3,156		1,511		36,258		674,399		2.9%		0.0190		28.1%

				Dec		6,900		2,105,516		14.2%		2.9%				1,932,993		0.400		0.012		0.010				1,240		3.3%		0.013		20.4%		2,138		1,265		30,349		564,491		2.4%		0.0098		19.0%

				Total/Max		48,595		72,892,501		100.0%		100.0%		36,000		79,200,000				0.761		0.764				38,063		100.0%		0.768										23,128,753		100.0%		0.7644

								1500.0000205783								2200										3,226														2,057

																																		ton-hrs		Mton-hrs		ton-hrs

																																		UP forecast		LMC		MIT

																																Winter		5,682,186.0		2,436.1		83,501

																																Shoulder		14,469,771.0		8,329.0		278,992

																																Lo Summer		20,371,655.5		12,627.0		386390.5

																																Hi Summer		32,368,888.5		14,671.0		511041.5

																														Month		UP		LMC		MIT

																														Jan		11.5%		10.0%		18.5%

																														Feb		13.1%		9.7%		22.2%

																														Mar		20.0%		12.1%		45.0%

																														Apr		32.0%		45.1%		58.9%

																														May		53.0%		78.0%		72.8%

																														Jun		80.5%		91.4%		83.7%

																														Jul		100.0%		100.0%		95.8%

																														Aug		94.8%		96.1%		100.0%

																														Sep		67.7%		84.3%		88.5%

																														Oct		35.8%		52.6%		66.2%

																														Nov		23.2%		27.4%		28.1%

																														Dec		14.2%		20.4%		19.0%
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Sheet1

																																		MIT

						Univ. of Penn from Trefz								Adjusted						Trfefz		Adj				Louisville Medical Center								peak day		peak day		peak day		60%

				Month		Peak		Ton-hrs		%Peak		%Tonhrs		Adj Peak		Adj Ton-hr		kW/ton		WA eff		WA eff				Mton-hrs		%ton-hrs		WA eff				peak tons		avg tons		ton-hrs		ton-hrs		%ton-hrs		WA eff

				Jan		5,605		1,807,751		11.5%		2.5%				1,602,622		0.300		0.007		0.006				609		1.6%		0.005		10.0%		2,079		1,048		25,162		468,013		2.0%		0.0061		18.5%

				Feb		6,360		1,768,919		13.1%		2.4%				1,610,220		0.300		0.007		0.006				587		1.5%		0.005		9.7%		2,494		1,166		27,990		470,232		2.0%		0.0061		22.2%

				Mar		9,695		2,731,811		20.0%		3.7%				2,810,225		0.500		0.019		0.018				732		1.9%		0.010		12.1%		5,056		1,838		44,122		820,669		3.5%		0.0177		45.0%

				Apr		15,530		4,019,058		32.0%		5.5%				5,863,273		0.700		0.039		0.052				2,739		7.2%		0.050		45.1%		6,619		3,964		95,125		1,712,250		7.4%		0.0518		58.9%

				May		25,765		6,564,145		53.0%		9.0%				9,307,270		0.750		0.068		0.088				4,736		12.4%		0.093		78.0%		8,183		6,089		146,129		2,717,999		11.8%		0.0881		72.8%

				Jun		39,135		10,364,155		80.5%		14.2%				11,143,640		0.800		0.114		0.113				5,546		14.6%		0.117		91.4%		9,415		7,533		180,793		3,254,274		14.1%		0.1126		83.7%

				Jul		48,595		13,953,486		100.0%		19.1%		36,000		13,722,983		0.850		0.163		0.147				6,068		15.9%		0.136		100.0%		10,772		8,977		215,458		4,007,519		17.3%		0.1473		95.8%

				Aug		46,070		13,233,325		94.8%		18.2%				13,068,801		0.850		0.154		0.140				5,830		15.3%		0.130		96.1%		11,246		8,549		205,187		3,816,478		16.5%		0.1403		100.0%

				Sep		32,920		8,625,433		67.7%		11.8%				9,237,313		0.850		0.101		0.099				5,118		13.4%		0.114		84.3%		9,954		6,244		149,865		2,697,570		11.7%		0.0991		88.5%

				Oct		17,395		4,681,046		35.8%		6.4%				6,591,309		0.800		0.051		0.067				3,193		8.4%		0.067		52.6%		7,450		4,312		103,487		1,924,858		8.3%		0.0666		66.2%

				Nov		11,255		3,037,856		23.2%		4.2%				2,309,350		0.650		0.027		0.019				1,665		4.4%		0.028		27.4%		3,156		1,511		36,258		674,399		2.9%		0.0190		28.1%

				Dec		6,900		2,105,516		14.2%		2.9%				1,932,993		0.400		0.012		0.010				1,240		3.3%		0.013		20.4%		2,138		1,265		30,349		564,491		2.4%		0.0098		19.0%

				Total/Max		48,595		72,892,501		100.0%		100.0%		36,000		79,200,000				0.761		0.764				38,063		100.0%		0.768										23,128,753		100.0%		0.7644

								1500.0000205783								2200										3,226														2,057

																																		ton-hrs		Mton-hrs		ton-hrs

																																		UP forecast		LMC		MIT

																																Winter		5,682,186.0		2,436.1		83,501

																																Shoulder		14,469,771.0		8,329.0		278,992

																																Lo Summer		20,371,655.5		12,627.0		386390.5

																																Hi Summer		32,368,888.5		14,671.0		511041.5

																														Month		UP		LMC		MIT

																														Jan		11.5%		10.0%		18.5%

																														Feb		13.1%		9.7%		22.2%

																														Mar		20.0%		12.1%		45.0%

																														Apr		32.0%		45.1%		58.9%

																														May		53.0%		78.0%		72.8%

																														Jun		80.5%		91.4%		83.7%

																														Jul		100.0%		100.0%		95.8%

																														Aug		94.8%		96.1%		100.0%

																														Sep		67.7%		84.3%		88.5%

																														Oct		35.8%		52.6%		66.2%

																														Nov		23.2%		27.4%		28.1%

																														Dec		14.2%		20.4%		19.0%
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