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�Need more information?



Contact



Your Engineering Field Division, or



Energy & Utilities Department

Code 22

Naval Facilities Engineering Service Center

Port Hueneme, California 93043-4328



Telephone  805-982-3486

Autovon  551-3486

FAX  805-982-5388



	Many factors affecting the magnitude of energy savings achievable from conservation programs are dependent on location, climate, or building design and load characteristics. The determination of these constant factors is discussed in this section.



	Climate-based factors may be derived from Engineering Weather-Data, chapter 3, NAVFAC    P-89/AFM 88-29/TM 5-785.  Sections 1-2 through 1-11 provide examples of "sample calculations for climate-based factors for Springfield, Missouri.  Figures SD-2 and SD-3 are reproduced from Engineering Weather Data, chapter 39 pages 3-20 and 3-21.  Column designators are provided for simplified data location.  The climate-based factors for any location in Engineering Weather Data can be derived in similar fashion.



	Before beginning the savings analysis at a particular location, those factors which re related to climate should be calculated.  The derived values of the climate based factors may be entered into the form shown in figure SD-1 for easy reference while performing the system analyses.  The paragraph reference indicates the paragraph in this section where a method of determining the data is outlined.  If actual weather data for the activity under study is available it should be used in preference to calculated data.  For example, if an activity has a yearly schedule for turning on central cooling equipment on 20 May and turning it off on 20 September then that time period should be used for the weeks of summer (WKS).

�



Climate Based Factors

��Symbol	�Description�SD Paragraph�Value�Units��ACWT�Average Condenser Water Temperature�1-2��oF��AND�Annual Number of Days for Warmup�1-3��Days/Yr��AST*�Average Summer Temperature�1-4��oF��AWT*�Average Winter Temperature�1-5��oF��CFLH�Annual Equivalent Full-Load Hours for Cooling�1-6��Hr/Yr��HFLH�Annual Equivalent Full-Load Hours for Heating�1-7��Hr/Yr��HS�Hours of Temperature Limit Shutoff for Summer�1-8��Hr/Yr��HW�Hours of Temperature Limit Shutoff for Winter�1-8��Hr/Yr��OAH*�Average Outside Air Enthalpy�1-9��Btu/lb��PRT*�Percent Run Time for Low Temperature Limit�1-10��%��WKS*�Weeks of Summer�1-11��Wk/Yr��WKW*	�Weeks of Winter�1-11��Wk/Yr��*Data not necessary if computer methods are used.���AVERAGE CONDENSER WATER TEMPERATURE (ACWT)



	The purpose of this procedure is to find the average condenser inlet water temperature obtainable from a cooling tower during the cooling season.  This value can then be used in the condenser water temperature reset savings calculations for any cooling tower in the same geographic area.



	Using the Engineering Weather Data for your area (figure SD-3 for Springfield, Mo.) compile a data table similar to the one below.  The example has been calculated using information from figure SD-3, columns 1, 4, and 7.  Under column A, list the mean coincident wet bulb temperature (MCWB, column 7, figure SD-3) for temperature ranges above 55oF (column 1, figure SD-3) (as shown below).  Assume an approach temperature (the difference in temperature between the outside air wet bulb temperature and condenser inlet water temperature) of 10oF and add this (i.e. 10oF) to each individual mean coincident wet bulb temperature (column A) and list in column B.



	If the facility operates only during normal operating hours list the annual hours of occurrence (column 4, figure SD-3) for the 0900 to 1600 hour period (as in column C) and total the column.  Calculate the temperature hours, column D, by multiplying individual condenser water temperatures (column B) by the corresponding hours of occurrence (column C) and total the column.  The average condenser inlet water temperature is computed by dividing the total of the temperature hour column (D) by the total of the 0900 to 1600 hours of occurrence column (C).

��

A.  Mean Coincident Wet Bulb oF�B.  Condenser Water Temp. (A + 10o)�C.  0900 to 1600 Hours of Occurrence�D.  Temperature Hours 	(B x C)

��77�87�0�0��74�84�1�84��74�84�4�336��74�84�39�3,276��74�84�121�10,164��72�82�232�19,024��70�50�295�23,600��68�78�279�21,762��66�76�272�20,672��62�72�228�16,416��57�67�204�13,668��52�62�181�11,222

��Totals��1,856�140,224



���

	The average condenser inlet water temperature is calculated as follows:



ACWT	= Total of D/Total of C

	= 140,224/1,856

	= 75.6oF





�ANNUAL NUMBER OF DAYS REQUIRING MORNING WARMUP (AND)



	The purpose of this procedure is to calculate the annual number of days requiring morning warmup (AND).  Results of this procedure will be used in savings cal�culations for Ventilation and Recirculation and Optimum Start/Stop.  Using the Engineering Weather Data for your area (figure SD-3 for Springfield, Mo.) compile a data table similar to the one below.  The example has been calculated using information from figure SD-3 columns 1 and 3.  Assuming the startup time is early morning, list (columns E and P) the temperature ranges below 60oF (column 1, figure SD-3) and the corresponding hours of occurrence for 0100 to 0800 hours (column 3, figure SD-3).  Total column P and divide by 8 to get the annual number of days that warmup is required (AND).



	E.  Temperature	F.  0100 to 0800�	Range oF	Hours of�		Occurrence��	55/59	235�	50/54	208�	45/49	206�	40/44	219�	35/39	235�	30/34	237�	25/29	195�	20/24	107�	15/19	74�	10/14	46�	5/9	19�	0/4	13�	-5/-1	4�	-10/-6	1�	-11 & below	0  �	Total	1,799

�	The annual number of days that warmup is required is calculated as follows:



AND	= (Total of F) /8

 	= 225





AVERAGE SUMMER TEMPERATURE (AST)



	The purpose of this procedure is to calculate the average summer temperature (AST) The results of this procedure will be used in the savings calculations for Scheduled Start/Stop.  Using the Engineering Weather Data for your area (figure SD-3 for Springfield, Ho.), compile a data table similar to the one below.  The example has been calculated using information from figure SD-3 columns 2, 3, and 5. List in column R, P and I respectively, mean temperature in range values above 75oF (column 2, figure SD-3) and the corresponding annual total hours of occurrence for time periods 0100 to 0800 hours and 1700 to 2400 hours (columns 3 and 5, figure SD-3).  For each line entry develop column J by adding the values in columns P and I and multiplying by the value in column H (i.e., column J - line entry for column F + I x column H).  Total columns F, I, and J. Add totals of P and 1. Divide the total of column J by sum of column F and I totals to get Average Summer Temperature (AST).

�

H.  Mean oF in Range�F. 0100 to 0800 Hours of Occurrence�I. 1700 to 2400 Hours of Occurrence�J. Annual Summer Degree Hours 

(F + 1) x H���112�0�0�0��107�0�0�0��102�0�0�0��97�0�9�873��92�0�32�2,944��87�4�78�7,134��82�29�151�14,760��77�105�252�27,489

��Totals�138 hr�522 hr�53,200 oF-hr/yr��			



�	The average summer temperature is calculated as follows:



AST	= Total of J/(Total of P + Total of 1)

	= 53,200/(138 + 522)

	= 80.6oF





AVERAGE WINTER TEMPERATURE (AWT)



	The purpose of this procedure is to calculate the average winter temperature. The results of this procedure will be used in the savings calculations for Scheduled Start/Stop and Ventilation/Recirculation.  Using the Engineering Weather Data for your area (figure SD-3 for Springfield, Mo.), compile a data table similar to the one below.  The example has been calculated using information from figure SD-3 columns 2 and 6. Under column B list the mean oF in range for temperatures below 65oF (column 2, figure SD-3).  Under column K list the corresponding annual total hours (column 6, figure SD-3) for the individual mean oF temperature.  Total column K.  Calculate the annual winter degree hours (column L) by multiplying the mean oF in range value (column H) by the corresponding annual total hours value (column K).  Total column L.  Calculate the average winter temperature (AWT) by dividing the total of column L by the total of column K.



	H.  Mean oF	K.  Annual	L.  Annual Winter�	in Range	Total Hours	Degree Hours�			H x  K��	62	768	47,616�	57	619	35,283�	52	598	31,096�	47	608	28,576�	42	603	25,326�	37	606	22,422�	32	577	18,464�	27	412	11,124�	22	240	5,280�	17	141	2,397�	12	85	1,020�	7	39	273�	2	21	42�	-3	6	-18�	-8	1	-8��	Totals	5,324 hr/yr	228,893 oF-hr/yr





	The average winter temperature is calculated as follows:



AWT	= Total of L/Total of K 

	= 228,893/5,324

	= 43.0oF



�ANNUAL EQUIVALENT FULL-LOAD HOURS FOR COOLING (CFLH)



	The purpose of this procedure is to calculate the annual equivalent full-load hours for cooling (CFLE).  The results of this procedure will be used in savings calculations for Chiller Water Temperature Reset and Condenser Water Temperature Reset.  A value can also be chosen from the 1980 Systems ASHRAE Handbook.  Using Engineering Weather Data for your area (figure SD-3 for Springfield, Mo.), compile a data table similar to the one below.  Under column R list the mean oF in range above and or equal to 65oF (column 2, figure SD-3).  For daytime operation list under column C the corresponding 0900 to 1600 hours of occurrence (column 4, figure SD-3) for each mean oF temperature (for 24-hour operation use the annual total hours of occurrence data instead, column 6, figure SD-3).  Calculate degree hours by subtracting 65oF from individual mean oF in range values (column E) and multiplying by the corresponding hours of occurrence value (column C) and list under column M. Total column M.  Obtain the 2.5% summer design data dry bulb temperature (i.e., cooling design temperature) for your location from chapter 1 of the Engineering Weather Data, NAVFAC P-89/AFM 88-29/TM 5-785.  For the example calculation (location: Springfield, Mo.) the value is 930F.  Determine the annual equivalent full-load hours for cooling (CFLH) by dividing the total of column M by the cooling design temperature - 65oF.



�	H.  Mean oF	C.  0900 to 1600	M.  Degree�	In Range	Hours of	Hours�		Occurrence	C x (H - 65oF)��	112	0	0�	107	1	42�	102	4	148�	97	39	1,248�	92	121	3,267�	87	232	5,104�	82	295	5,015�	77	279	3,348�	72	272	1,904�	67	228	456�

	Total		20,532oF-hr



	The annual equivalent full-load hours for cooling is calculated as follows:



� EMBED Equation  ���



	= 20,532/(93oF - 65oF)



	= 733 hr/yr





ANNUAL EQUIVALENT FULL-LOAD HOURS FOR HEATING (HFLH)



	Results of this procedure will be used in savings calculations for Hot Water Outside Air Reset.  The purpose of this procedure is to calculate the annual equivalent full-load hours for heating (HFLH).  The results of this procedure will be used in savings calculations for Hot Water Outside Air Reset.  Using Engineering Weather Data for your area (figure SD-3 for Springfield, Mo.), compile a data table similar to the one below.  The example has been calculated using information from figure SD-3, columns 2, 4, and 6.  Under column R list the mean oF in range values below 65oF (column 2, SD-3).  For daytime operation, list under column C the corresponding 0900 to 1600 hours of occurrence value (column 4, figure SD-3) for each mean oF temperature value.  (For 24-hour operation use the annual total hours of occurrence data instead, column 6, figure SD-3.)  Calculate degree hours by subtracting 65oF from individual mean oF in range (column H) values and multiplying by the corresponding hours of occurrence (column C) value and list under column H.  Total column N.  Obtain the 97.5% heating design data dry bulb temperature (i.e., heating design temperature) from chapter 1 of the Engineering Weather Data, NAVFAC P-89/AFM 88-29/TM 5785.  For the example calculation (location:  Springfield, Mo.) the value is 9oF.  Determine the annual equivalent full-load hours for heating (HFLH) by subtracting the heating design temperature value from 65oF and dividing that value into the total of column N.



	H.  Mean oF	C.  0900 to 1600	N.  Degree�	In Range	Hours of	Hours�		Occurrence	C x (65oF - H)



	62	204	612�	57	181	1,448�	52	182	2,366�	47	191	3,436�	42	173	3,979�	37	160	4,480�	32	149	4,917�	27	92	3,496�	22	54	2,322�	17	28	1,344�	12	15	954�	7	8	464�	2	4	252�	-3	1	68�	-8	0	0



	Total 		30,140oF-hr



	The annual equivalent full-load hours for heating is calculated as follows:

� EMBED Equation  ���





HOURS FOR OUTSIDE AIR TEMPERATURE SHUTOFF (HS AND HW)



	The purpose of this procedure is to calculate the hours for outside air temperature shutoff for both summer and winter.  The results of this procedure will be used in savings calculations for Outside Air Shutoff Limit.  Using the Engineering Weather Data for your area (figure SD-2 and SD-3 for Springfield, Mo.), calculate the hours in summer (HS) during which the outside temperature is below summer thermostat set limit (78oF) and the hours in winter (HW) during which the outside temperature is above winter thermostat set limit (65oF) for your activity.  For heating savings (HS) consider the months during which the heating auxiliaries such as hot water pumps are scheduled to operate at the facility under study (if schedule is poorly defined use weeks of winter from SD 1-11).  From weather data sum up the total number of hours during the heating season that the temperature is above 65oF.  In a similar fashion, determine the number of hours below the cooling season temperature limit of 78oF.



	The example has been calculated using information from figures SD-2 and SD-3.  The sample assumes the heating season to be November through April and the cooling season to be from mid-May through September.  Only the 0900 to 1600 hours time period (normal office hours) is considered.



	Hours in winter when outside temperature is above winter limit (65oF):



HW	= Nov + Dec + Jan + Feb + March + April



	= (22 + 14 + 4) + (4 + 1) + (6 + 2) + (5 + 3 + 1) + (2 + 5 + 11 + 17) + (3 + 14 + 25 + 33 + 32)



	= (40) + (5) + (8) + (9) + (35) + (107)



	= 204 hr/yr



	Hours in summer when outside temperature is below summer set limit (78oF):



HS	= 0.5 May + Jun + Jul + Aug + Sep



	=  0.5 (46 + 41 + 30 + 16 + 7 + 3 + 1) + (32 + 20 + 8 + 3 + 1) + (23 + 7 1) + (21 + 8 + 2) + (45 + 30 + 16 + 6 + 2)

	

	= 0.5 (144) + 64 + 31 + 31 + 99



	= 273 hr/yr





�AVERAGE OUTSIDE AIR ENTHALPY (OAH)



	The purpose of this procedure is to calculate the average outside air enthalpy (OAH).  The results of this procedure will be used in the savings calculations for Scheduled Start/Stop. Using Engineering Weather Data for your area, compile a data table similar to the one below.  The example has been calculated using information from figure SD-3 columns 3, 5 and 7. List in column A, P, and I respectively the mean coincident wet bulb temperature (MCWB) (column 7, figure SD-3) above or equal to 68oF and the corresponding annual total hours of occurrence for the 0100 to 0800 and 1700 to 2400 (columns 3 and 5 figure SD-3) time periods. Total columns F and 1.



	Calculate the degree hours for each mean coincident wet bulb temperature by adding the corresponding column P and I hours of occurrence values together and multiplying by corresponding mean coincident wet bulb temperature (column A); list these values under column 0.  Total column 0.  Calculate the average wet bulb temperature by dividing the column 0 total by the sum of column F plus column I totals.



�

	A.  Mean	P.  0100 to 0800	I.  1700 to 2400	0.  Degree�	Coincident	Hours of	Hours of	Hours�	Wet Bulb oF	Occurrence	Occurrence	A x (F + I)��	77	0	0	0

	74	0	0	0	

	74	0	0	0�	74	0	9	666�	74	0	32	2,368�	72	4	78	5,904�	70	29	151	12,600�	68	105	252	24,276��	Total	138 hr	522 hr	45,814 hr-oF





�	The average wet bulb temperature is calculated as follows:



Average wet bulb temperature	= Total of O/(Total of F + Total of I)

				= 45,814/(138 + 522)

				= 69.4oF

	The outside air enthalpy (OAR) can then be obtained by consulting Standardized EMCS Energy Savings Calculations, CR 82.0301. appendix A.2.  In this example, the OAH which corresponds to 69.4oF - WB is 33.34 Btu/lb.





PERCENT RUN TIME FOR LOW TEMPERATURE LIMIT (PRT)



	The percent run time (PRT) is the percentage of scheduled off time during unoccupied periods when the fans and pumps must come back on in order to maintain a 55oF set�back temperature.  The determined value will be used in Scheduled Start/Stop savings calculations.  Find the annual heating degree days for the location under study in chapter 1 of Engineering Weather Data, NAVFAC P-89/AFM 88-29/TM 5-785.  The corre�sponding PRT can be found in figure SD-4. For this Springfield, Mo. example, the number of heating degree days is 4,570, and the corresponding PRT is 15.



WEEKS OF SUMMER (WKS) AND WEEKS OF WINTER (WKW)



	The purpose of this procedure is to calculate the weeks of winter (WKW) and weeks of summer (WKS).  The results of this procedure will be used in the savings calculations for Scheduled Start/Stop, Ventilation/Recirculation, Day/Night Setback, Reheat Coil Reset, and Hot Deck/Cold Deck Temperature Reset.  Using Engineering Weather Data, NAVFAC P-89/AFM 88-29/TM 5-785, for your area, compile a data table similar to the one below.  Under columns E and K respectively list the temperature range (column 1, figure SD-3) below 55oF and the corresponding total hours observed (total obsn) (column 6, figure SD-3).  Total column K.  Weeks of winter (WKW) and weeks of summer (WKS) are calculated using the equations shown below:



	E.  Temperature	K.  Annual�	Range oF	Total Hours��	50/54	598�	45/49	608�	40/44	603�	35/39	606�	30/34	577�	25/29	412�	20/24	240�	15/19	141�	10/14	85�	5/9	39�	0/4	21�	5/-l	6�	-10/-6	      1     .

�Total		3,937 hr/yr below 55oF





	The weeks of winter are calculated as follows:



	� EMBED Equation  ���



	The weeks of summer are calculated as follows:



	� EMBED Equation  �������
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