2003 EXPRESS Agriculture/Process




Agricultural Measures

The agricultural measures in the 2002 Express Efficiency Program include the following measures from 1997 REO Agricultural Program.

· Low Pressure Sprinkler Nozzles

· Sprinkler to Micro-Irrigation Conversion

· Greenhouse Heat Curtains (covered under gas workpapers)

Net-To-Gross Ratio

Net-to-gross ratio is 0.96 in conformance with the CPUC’s October 2001 Energy Efficiency Policy Manual.

Calculation Methodology

Energy and demand savings are based on the differential between baseline and efficient equipment.  The baseline measure varies, depending on the application.  The low-pressure sprinkler nozzle measures were evaluated using data from field studies.  The details of the efficiency and savings assumptions are given in each technical assessment.

Two types of capacity savings estimates were done for this analysis:  peak savings achieved by the measure (non-coincident) and demand reduction coincident with PG&E’s system peak.  The non-coincident demand savings achieved by the measure are estimated from engineering analyses or measured savings, as discussed above.  Coincident demand savings are the product of the non-coincident demand savings and the coincident diversity factor.  The coincident diversity is based on load shape data and determines what fraction of the savings occur during the factor system peak.  The coincident diversity factor is:

Ag Coincident diversity factor

= Ag Demand at System Peak / Maximum Ag Demand Load

= 0.78

The CDF is an annual average based on PG&E’s 1992–95 agricultural rate load research data (Quantum 1996).

Measure Life

Measure lifetimes for agricultural technologies vary by technology and are based on industry standards.

Incremental Measure Cost

Incremental costs are used to evaluate the economics of each retrofit.  For measures where there is choice between two levels of efficiency, the incremental cost is the difference between the two products.  Labor costs are included for the low-pressure sprinkler nozzles measure.

Reference

Quantum.  1996.  Memo dated 9/25/96 from John Cavalli (Quantum) to Mary Dimit (PG&E).  Berkeley, CA.

A40, A41, A42, A43 LOW PRESSURE SPRINKLER NOZZLES

Technology Description

Standard, impact-driven, sprinkler heads for agricultural irrigation utilize relatively high water pressure in conjunction with smoothbore nozzles.  The high water velocity through the nozzles results in a breakup of the water stream into an acceptable distribution of small, medium, and large droplet sizes.  The distribution of droplet sizes then results in an acceptable uniformity of water application, assuming correct sprinkler head spacing.

“Low-pressure” impact sprinkler nozzles use various orifice shapes (square, rectangular, octagonal, round with notches) and configurations so that the desired stream breakup will occur at a significantly lower operating pressure.  A conversion to low-pressure nozzles should be investigated for any irrigation system now using standard, smoothbore, high-pressure nozzles.

Market Applicability

Low-pressure sprinkler nozzles are applicable in any situation where standard, impact-driven agricultural or turf sprinkler heads are used for irrigation.  These may be in:

Portable, hand-move systems are systems consisting of aluminum or PVC pipe that can be moved from field to field and typically where the actual sprinklers are moved several times within a field during an irrigation cycle.

Permanent solid-set systems are systems where the sprinklers are in one place throughout a growing season.

Calculation Methodology 

This measure encourages system operators to convert to low-pressure nozzles, thus reducing the amount of energy required to apply the same amount of water.  The amount of energy saved per nozzle will depend on the actual operating pressure decrease, the pumping plant efficiency, the amount of water applied, and the number of nozzles converted.  The reduction in demand per nozzle will depend on the pump flow, the operating pressure decrease, the pumping plant efficiency, and the number of nozzles converted.

Energy use by an irrigation system can be calculated using the equation:

[1]
kWh/yr =
kWh/AF x AF/yr.

where:
kWh/yr =
Total annual energy use.


kWh/AF =
Amount of energy required to pump an acre-foot of water.


AF/yr =
Total acre-feet pumped annually.

The amount of energy required per acre-feet, kWh/acre-feet, can be determined using the equation:

[2]
kWh/AF = 
1.0241 x TDH / OPE.

where:
kWh/AF = 
Amount of energy required to pump an acre-foot of water in the  




irrigation system.


TDH = 
Total dynamic head required to pump water through the irrigation




system in feet.


OPE =
Overall pumping plant efficiency expressed as a decimal (0 - 1.0).

Converting to low-pressure nozzles allows a reduction in the TDH, thus a reduction in kWh/AF, thus a reduction in kWh/yr.

The basis for the following assumptions is developed in Low Pressure Sprinkler Nozzles (Canessa 1994).  Assumptions were developed based on the average acre.

Operating pressure decrease = 20 psi (46.2 feet)

Overall pumping plant efficiency = 55%

Net water applied = Varies with region (matrix ; Canessa 1994)

Irrigation efficiency = 70% - Irrigation efficiency is defined as the ratio of applied irrigation water that is beneficially used to the total amount of applied irrigation water.

Nozzles converted  = Varies with irrigation system type, (matrix ; Canessa, 1994)

Pump flow = 7.56 gpm/acre

Energy savings per nozzle per year:

To determine energy savings per nozzle, equation [2] is first used to determine the reduction in kWh/AF:

[2]
kWh/AF
= 1.0241 x TDH / OPE




= 1.0241 x 46.2 / .55




= 86 kWh/AF

A weighted average water application was determined using crop acreages as reported by the California Department of Food and Agriculture, net crop evapotranspirations calculated using data supplied by the UC Extension, and an average 70% irrigation efficiency.  Equation [1] is then used to determine kWh/nozzle-year:

Initially there were three scenarios developed for the number of nozzles required to complete the retrofit:

A standard, portable, hand move system with 4 nozzles/acre, referred to as “Low-Density Portable”.

A standard, portable, hand move system with 21 nozzles/acre, referred to as “High-Density Portable”.

A solid-set system with 35 nozzles/acre, referred to as “Solid-Set”.

Having the different kWh/acre-yr developed using equation [2] for the different climate regions and having the number of nozzles per acre required to make the conversion allows a calculation of kWh savings per nozzle:

[3]
kWh/nozzle-yr = (kWh/acre-yr) / (nozzles/acre)

A weighted average kWh/nozzle-yr was determined for all portable systems using the results from the Low-Density and High-Density portable systems.

kWh/nozzle-yr savings for two major climate regions and two system types:

	SYSTEM/REGION
	Portable
	Solid-Set

	Central Valley
	55 kWh
	14 kWh

	Coast and Coastal Valleys
	12 kWh
	10 kWh


Non-coincident demand savings per nozzle:

Horsepower savings per acre are determined with the standard equation:

[4]
HP =
TDH x Q / (3960 x OPE)

where:
HP = 
Motor horsepower requirements per acre.


TDH =
Reduction in total dynamic head in the system in ft of water.


Q =
Pump flow in gallons/minute - acre.


OPE = 
Overall pumping plant efficiency as a decimal.

Q can be determined if it is assumed that a flow will be in place that is required to satisfy the crop evapotranspiration demands at peak daily water use.  A weighted average Q is determined based on the different crops and their acreages within the climate regions.

The TDH reduction is 20 psi (46.2 feet) as before.

The average overall pumping plant efficiency is assumed to be 55%.

Kilowatt demand savings per nozzle are calculated as:

[5]
kW/nozzle =
(HP/acre x 0.746 kW/HP )/ (nozzles/acre)

kW/nozzle-yr savings for two major climate regions and two system types:

	SYSTEM/REGION
	Portable
	Solid-Set

	Central Valley
	0.0349 kW
	0.004 kW

	Coast and Coastal Valleys
	0.0082 kW
	0.0029 kW


Measure Life 

8 years (California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Measure Incremental Cost

Material cost:  Material cost is $0.57/nozzle based on the average of three manufacturer’s retail pricing.

Labor cost of retrofit:  It is assumed that the nozzle conversion will take place in the field.  The laborer has to walk to each nozzle, remove the old nozzle and insert a new nozzle.  This is expected to take five minutes.  At a “fully-loaded” cost of $7.50 ($5/hour + 50% burden), this equals $0.63/nozzle.

Total cost:  The total installed cost of a low-pressure nozzle retrofit is $1.20/nozzle.

Terms and Conditions

Customers must provide proof of acreage amount, crop type, number and gpm of nozzles purchased and installed.

References

Canessa. 1992. Low Pressure Sprinkler Nozzles, San Luis Obispo, CA, August 1992; updated November 1994.

Charles McMillen. 1991. Rain Bird Service Center, Glendora, CA .

PG&E. 1992. Program database, Table TA-2.12, San Francisco, CA, February.

A48 thru A59 SPRINKLER IRRIGATION TO MICRO-IRRIGATION SYSTEM CONVERSION

Technology Description

Micro-irrigation systems consist of systems of above and below ground pipelines/hoses, delivering water under pressure, to specialized emission devices located at, or very near, individual plants.  The basic intent is to accurately supply small amounts of water on a frequent basis so as to maintain a constant, comparatively high, rootzone soil moisture.  In addition, micro-irrigation provides opportunities for very precise control of fertilizer applications.  Other advantages may include reduced weed growth and diseases and increased flexibility in timing cultural operations.

Energy may be saved by converting from a sprinkler irrigation system to a micro-irrigation system in two ways:

The system operating pressure will be reduced.

Micro-irrigation irrigation systems have a higher potential irrigation efficiency (IE) for many reasons.  When compared to sprinkle systems a) they are not as sensitive to wind and b) they usually do not result in as much evaporation losses.  Thus, converting to a micro-irrigation system will tend to reduce the amount of required water pumping.

Market Applicability

Some form of micro-irrigation is operationally adaptable to any crop type.  Examples of common situations for adaptation of micro-irrigation include:

Permanent orchards and vineyards which may have been irrigated by flood or sprinkle systems.  The grower may be looking for better yields due to higher potential water and fertilizer effectiveness.  Micro-irrigation may also reduce disease and weed pressure.

Areas with a current or anticipated loss of water supplies due to current or anticipated administrative actions by State and Federal agencies in response to environmental concerns, challenges to existing water rights, or transfers of water from agricultural uses to urban areas.  The value of remaining supplies, regardless of the actual cost to the grower, is increased.  Thus, the grower is primarily interested in the higher potential irrigation efficiency of micro-irrigation.

The primary water supply is ground water pumping and continual over drafting of an aquifer has increased the cost of pumping to the point where the economics of micro-irrigation become attractive.

High-value vegetable crops that have adapted very well to micro-irrigation, resulting in better yields and, just as important in this highly competitive area, better uniformity at harvest.

Calculation Methodology

Annual energy use by an irrigation system can be calculated using the equation:

[1]
kWh/yr =
kWh/AF x AF/yr.

where:
kWh/yr =
Total annual energy use.


kWh/AF =
Average amount of energy required to pump an acre-foot of water.


AF/yr =
Total acre-feet pumped annually.

kWh/AF can be calculated using the equation:

[2]
kWh/AF =
1.0241 x TDH / OPE

where:


TDH =
Total dynamic head required to pump water through the irrigation system



 in feet.


OPE =
Overall pumping plant efficiency expressed as a decimal (0 - 1.0).

kWh/AF may be the summation of two or more pumps in the system.  For the purposes of this measure, two “types” of kWh/AF will be identified, 1) the kWh/AF required to deliver water to the start of the actual field irrigation system (kWhdelivery/AF), and 2) the boost kWh/AF required to operate the irrigation system itself  (kWhboost/AF).

The acre-feet of pumped water required by a cropped field per year (AF/yr) can be determined using the equation:

[3]
AF/yr =    CL + (ACRES x ((ETc - RAIN) / ((1 - LR) x IE))

where:
AF/yr  =   Annual water pumping required to irrigate a field as acre-feet per year.


ACRES = Net cropped acres in the field.


ETc =
     Annual net water use as acre-feet/acre per year.


RAIN =    Annual rainfall effective in satisfying ETc or required leaching as 

     acre- feet/acre per year. 

LR =
     Leaching requirement for maintaining a salt balance in the rootzone as 


     a decimal (0.0 - 1.0).


IE =
     Irrigation efficiency as a decimal (0.0 - 1.0)


CL =
    Conveyance losses while delivering water to the irrigation system as 



     acre feet per year.


1.0241=   kWh required to lift one acre-foot of water one foot

The annual energy savings are calculated as follows:

[4]
kWhsaved/year = kWhbase/year - kWhproject/year

Where:
kWhsaved/year = Annual energy savings.
kWhbase/year = Current annual energy usage.
kWhproject/year = Predicted annual energy usage.

kWhbase/year and kWhproject/year are both calculated by a form of equation [1], incorporating equations [2] and [3].

As noted, kWh/AF consists of kWh/AFdelivery and kWh/AFboost.  kWh/AFdelivery  remains constant, i.e., the primary water source and method of delivery for the field will not change.  There will be savings in annual kWhdelivery due to the reduction in applied water but this will be disregarded for all cases except those with a well as the water source.

A survey of the major manufacturers, see attached report Micro-Irrigation for Energy-Use Reduction (Canessa 1995), identified average required device operating pressures for different types of micro-irrigation and sprinkler irrigation devices.  The following major assumptions were made:

Field and Vegetable crops would only be converted to drip tape or  one of the three identified in-line hose products.

Orchards and Vineyards would only be converted to on-line emitters, jets/foggers/misters, or mini-sprinklers.

The required operating pressures of all sprinklers were averaged assuming the following weighting:  sprinkler conversions would be 5% from Big Gun systems, 75% from High Pressure systems, and 20% from Low Pressure systems.

Eight pound-per-square-inch pressure (psi) for filters, two psi for valves, and four psi for pipeline friction losses, a total of fourteen psi, would be added to the device operating pressure to calculate total required micro-irrigation system pressure.

Four psi for filters, two psi for valves, and six psi  for pipeline friction losses, a total of twelve psi, would be added to the device operating pressure for sprinkler systems.

Table 1 summarizes the total required system pressure, TDH in equation [2], for the two types of micro-irrigation system and sprinkler systems as averaged.

TABLE 1 - Estimated required system operating pressures for various irrigation system types1
	System
	Required Operating Pressure (psi / feet)

	Sprinklers (5% Big Gun, 65% High Pressure, 30% Low Pressure)
	64.5 / 149.0

	Field/Vegetable Crop Micro

	28.8 / 66.5

	Orchard/Vineyard Micro
	34.1 / 78.7


1. Source - see report “Micro-Irrigation for Energy-Use Reduction” (Canessa 1995)

Since the conversion to micro-irrigation will usually involve either a new pump or a retrofit of an existing installation, the overall pumping plant efficiency of the micro system is 67.5%.  This assumes a 90% motor efficiency and a 75% bowl efficiency.

The OPE of the existing pumping plant is assumed to be 55.1%.  This is the average of 17,672 pump tests that are contained in the 1993-1994 agricultural pump test database.

With the sprinkler and micro-irrigation TDHs identified in Table 1, and the assumed OPEs, equation [2] can be used to calculate the reduction in kWh/AFboost for the conversion to micro-irrigation.

Equation [3] for calculating required annual water pumping, AF/yr, can be solved by examining the separate components of the equation:

Conveyance Losses (CL) - Since micro-irrigation systems generally result in less water applied to the field, this means less water being pumped through the conveyance system and the conveyance losses in equation [3] (CL) should logically decrease.  Another reason that CL could decrease is that micro-irrigation systems generally are a totally piped system and, many times, there are open ditches associated with water conveyance to flood irrigation systems.  As a conservative assumption then, CL will not be considered in the annual energy use calculations.

Net water requirements (ETc - RAIN) / (1- LR) - As fully explained in the report, Micro-Irrigation for Energy-Use Reduction (Canessa 1995), weighted average water applications were calculated for four types of crops in two major climate regions.  Important data included a) crop acreages as reported by the California Department of Food and Agriculture, b) net crop evapotranspirations calculated using data supplied by the UC Extension, c) a 3% leaching ratio, and d) an assumed 33% of average annual gross rainfall as effective.  The weighted averages are based on assumptions regarding the percentage of any one crop’s total acreage that might be drip irrigated.  Crops were grouped by type.  The weighted average applications for the different combinations of crop type and climate region are termed NET and are seen in Table 2 below.

Irrigation efficiencies (IE) - average irrigation efficiencies for the various system types are assumed as per University of California Cooperative Extension recommendations contained in Publication #21454, Irrigation Scheduling (UCCE 1989).  They are contained in Table 3.

In summary, the preceding assumptions regarding equation [3] result in the reduced equation:

[5]
AF/yr =     ACRES x NET / IE

where:
AF/yr =     Required annual pumping in acre-feet.


ACRES =  Net cropped acres.


NET =       Net required pumping, acre-feet/acre per year, as identified for the



      major climate regions and crop type in Table 2.

IE =
      Irrigation efficiency for the different irrigation system types as 



      identified by Table 3.

TABLE 2 - Cropped acreages, required net annual irrigation, and pump flow on a per acre basis for two major climate regions and four different crop types - micro-irrigated acreage only1.

	REGION
	CROP
	ACRES
	AF/Ac2
	ETmax3
	FLOW4

	
	
	
	
	(in / day)
	(gpm/ac)

	Central Valleys
	total
	769,679
	2.59
	0.32
	6.41

	Central Valleys
	Field/Vege
	135,616
	1.92
	0.38
	7.73

	Central Valleys
	Trees
	433,289
	2.94
	0.36
	7.42

	Central Valleys
	Grape
	200,774
	2.38
	0.25
	5.11

	
	
	
	
	
	

	Coastal
	total
	122,827
	1.41
	0.25
	5.13

	Coastal
	Field/Vege
	57,943
	1.22
	0.28
	5.86

	Coastal
	Trees
	22,290
	1.96
	0.27
	5.62

	Coastal
	Grape
	42,593
	1.37
	0.19
	3.87


Source:  see report “Micro-Irrigation for Energy-Use Reduction” (Canessa 1995)

AF/Ac:  the acreage-weighted, average, annual, net irrigation requirement.  Note that the irrigation requirement for vegetable crops was doubled to reflect the double-cropping common to this crop rotation.

ETmax:  the maximum expected daily crop water use, inches/day.  This will set the required pump flow.  This was calculated as the peak crop coefficient times 1.1 times the maximum monthly ETc divided by 31 days.

FLOW:  this is the net required pump flow, gallons/minute per acre as calculated using equation [5].

TABLE 3 - Estimated irrigation efficiencies for various irrigation system types

	SYSTEM
	IRRIGATION EFFICIENCY (%)

	Micro-Irrigation
	80

	Sprinklers
	70


1. Source - UC Cooperative Extension publication #21454, Irrigation Scheduling (UCCE 1989)

With results and data as noted in Tables 1, 2, and 3 the annual kWh/acre savings are calculated and reported in Table 4a.  Note that the calculations in Table 4 disregard any savings due to applying a decrease in AF/yr against the kWh/AF required for water delivery.

The 1993-1994 PG&E agricultural pump test database was evaluated to estimate average kWh/AF for wells pumping water to the surface with a discharge pressure of 8 psi or less.  The average for wells in the Central Valley Divisions was 274.6 kWh/AF, for wells in the Coastal Divisions, 316.6 kWh/AF.  These numbers were used in conjunction with the results and data in Tables 1, 2, and 3 to calculate annual kWh/Acre savings when the water source is a delivery well.  These are reported in Table 4b.

TABLE 4a - Annual kWh/Acre-Year savings for converting from sprinkler systems to micro-irrigation - projects with a water supply other than a well1
	REGION
	FIELD/VEGs
	TREES
	GRAPE

	Central Valleys
	579
	819
	663

	Coastal
	368
	546
	381


1. Source - see report “Micro-Irrigation for Energy-Use Reduction” (Canessa 1995)

TABLE 4b - Annual kWh/Acre-Year savings for converting from sprinkler systems to micro-irrigation for two climate regions and four crop types - projects with a well as the water supply1
	REGION
	FIELD/VEGs
	TREES
	GRAPE

	Central Valleys
	615
	868
	703

	Coastal
	400
	593
	415


1. Source - see report “Micro-Irrigation for Energy-Use Reduction” (Canessa 1995)

Changes in Peak kW

During the identification of annual net crop water requirements, the average, maximum daily crop water use was also identified.  If a crop’s water use is to be satisfied by an irrigation system at the maximum daily use rate, the following equation is used to identify the required system flow on a per acre basis:

[6]
FLOW = 452.5 x ETmax / (IE x HOURS)
where:
FLOW =    Gallons/minute per acre to replace maximum daily crop water use.


ETmax =    Maximum daily crop water use in inches/day (see Table 2).


IE =
       Irrigation efficiency as a decimal (0.00 - 1.00) (see Table 3).


HOURS =   Daily hours of operation.

For this measure, the maximum daily crop water uses in Table 2 and the irrigation efficiencies in Table 3 were used, along with an assumed 22 hour/day operation.  (The net calculated FLOWs, IE = 1.0, are reported in Table 2.)

The required connected load on a per acre basis can be calculated the equation:

[7]
kW/Ac =    .746 x FLOW x TDH / (3960 x OPE)

where:
kWh/Ac =   KiloWatt-hours required per acre.


FLOW =    Gallons per minute per acre in pumping plant, as calculated by Equation [6].


TDH =
       Total dynamic head of pumping plant in feet as identified in Table 1.


OPE =
       Overall pumping plant efficiency as a decimal (0 - 1.).

The connected load reduction is calculated as follows:

[8]
kWsaved =     kWbase/ - kWproject
where:
kWsaved =     kiloWatt load reduction


kWbase =      Base connected load in kiloWatts


kWhproject = Predicted connected load in kiloWatts

kWbase and kWhproject are calculated by equations [6] and [7] respectively, incorporating some of the assumptions regarding equations [2] and [3].

With required FLOWs calculated with equation [6], the assumptions concerning overall pumping plant efficiency, and the required system operating pressure (TDH, see Table 1), the kW savings on a per acre basis were identified using equations [7] and [8] and are reported in Table 5:

TABLE 5 - kW/Acre savings for converting from sprinkler systems to micro-irrigation1
	REGION
	FIELD/VEGs
	TREES
	GRAPE

	Central Valleys
	0.429
	0.380
	0.262

	Coastal
	0.325
	0.288
	0.198


1. Source - see report “Micro-Irrigation for Energy-Use Reduction” (Canessa 1995)

Note:  The savings in Table 5 are peak kW savings since the systems are typically sized to operate continuously and therefore use the lowest capital cost pump and piping.

Measure life 

Micro-irrigation systems are a combination of many sub-systems, including a pumping plant, filters, mainline and manifold piping, and the system of distribution tubing and emission devices.  It is assumed that the system life is that of the pumping system and main pipelines, 20 years.

Incremental cost 

The incremental cost of a micro-irrigation system over the cost of a sprinkler system will vary with the situation.  PG&E agricultural consultants estimate an average incremental cost of $300/acre.

Terms and Conditions

Customers must provide proof of acreage amount, crop type, number and gpm of nozzles purchased and installed.  

References

Canessa. 1995. Micro-Irrigation for Energy-Use Reduction. San Luis Obispo, CA, September.

University of California Cooperative Extension. 1989. Publication #21454, Irrigation Scheduling. Division of Agriculture and Natural Resources. Davis, CA.

P11 VFDs for Dairy Pumps

Technology Description

Adjustable speed drives (VFDs) have the potential to save significant amounts of energy when implemented in dairy vacuum milking systems.  These drives can be used for both vacuum and milk pumps.  Vacuum pumps are generally oversized and run at a constant speed in order to accommodate for any unexpected airflow stemming from things like milking units falling off udders.  A VFD allows the pump to run at a reduced speed most of the time and can increase the speed when necessary. Milk pumps are more efficient with VFDs since it enables the motor to speed up or slow down depending on the amount of milk in the receiver.  This also allows a more uniform flow through the plate cooler which increases its effectiveness.

Market Applicability

The dairy industry in California is very important.  Roughly 18% of the nation's milk comes from California, with annual milk sales in excess of $3.6 billion.  Because dairy producers have little control over the market price of dairy products, an effective way of increasing profits is to decrease production costs.

Assumptions

1. Estimated cost for VFD is $340/hp.

2. Pumps are reasonably sized and thus the VFD provides no demand reduction. 

3. Estimated average annual energy savings provided by a VFD system is 3730 kWh/hp.

Calculation Methodology

The calculations for the estimated annual energy savings were performed using data from the Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET),  the PG&E Standard Performance Contract (SPC) program, and the Southern California Edison (SCE) Savings by Design (SBD) program. Each data set assumes the dairy operates between 20 and 22 hours each day.  Cost estimates for VFDs come from information provided in these reports and dairy equipment retailers. The average cost for a VFD system is estimated at $340/hp.

Table 1.Estimated annual energy savings per kWh when VFD is implemented. (From Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) study)
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The variation in the table developed using information from CADDET is due to the method used in sizing the pumping system. The average pump size for the sample group is 12 hp and ranges from 5 to 20 hp.

Table 2.Estimated annual energy savings per kWh when VFD is implemented. (From PG&E SPC Program)
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Table 3.Estimated annual energy savings per kWh when VFD is implemented. (From Southern California Edison's "Energy Savings Estimator v1.0" used for its SBD Program)
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Using the data from the previous tables an average annual energy savings value of 3730 kWh/hp was calculated.

Economics

The following economic analysis estimates the rebate level required to provide a two to three year simple payback period for a VFD investment.  An energy rate of $0.128/kWh is used to determine the payback period.  This rate is based on an average of Rates A and B in  the AG-1 schedule.  The VFD is assumed to provide no demand reduction.  The following displays how the simple payback period is calculated for this application.  
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Table 4.Estimated simple payback period for various rebate levels.
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Table 4 summarizes the simple payback periods for various rebate levels.  The data suggests that the payback period will be less than one year regardless of the rebate level.  The actual payback would vary from dairy to dairy depending upon the method used to size the pumps and the milking schedule used.  Most of the literature regarding this topic estimates the payback to be between one and two years without incentives. All of the rebate levels shown in the table are lower than the $0.05/kWh currently offered by Southern California Edison as part of the Savings by Design program.  The $34/hp level is similar to what is currently offered by many of the Utility Cooperatives in the state of Wisconsin.

Example Programs

Southern California Edison

As part of the Agricultural/Industrial side of the Savings by Design program, several dairy system retrofits were performed.  The rebate was based on annual kWh reduction estimated with software developed by SCE.  An incentive rate of $0.05/kWh was used.

Wisconsin Electric Cooperative

Many of the Cooperative Electricity providers in Wisconsin have offered a VFD rebate for dairy farms of $30/hp.  In order to be eligible for the rebate the drive must be installed in a 4-wire location.

P1 VFDs for Injection Molding Machines

Technology Description

Variable frequency drives (VFDs) have the potential to save significant amounts of energy when implemented in injection molding machines (IMMs).  An IMM operates with a hydraulic pumping system.  The requirements of this system vary throughout the production cycle and include "idle" periods where essentially no pumping power is required.  When a VFD is installed it allows the pump power to track the requirements of the production cycle.  This is very critical during the idle periods of the cycle, which on average compose 20% of the total cycle time. 

Market Applicability

Many different plastic parts are produced using IMM technology.  Given the size of the plastics industry, this equates to a significant market. A large number of IMMs currently in use are only 10 to 25 percent efficient. The use of VFDs can reduce there energy consumption by 20-60%.

Assumptions

4. Estimated cost for equipment and installation of VFD is $216/hp.

5. Estimated industry average idle time is 20% of total cycle time.

6. Estimated average demand savings is 0.22 kW/hp.

Calculation Methodology

The calculations for the estimated average demand savings were performed using data from the San Francisco State University Industrial Assessment Center (SFSU IAC), the San Diego State University Industrial Assessment Center (SDSU IAC), Pacific Gas & Electric Standard Performance Contract program, and Magnum LLC, a VFD manufacturer.  Each data set assumes the IMM operates with an idle time of 20% the total cycle time.  Cost estimates for VFDs were calculated based on information provided by the previously listed sources. The average cost for a VFD system is estimated at $216/hp.

Table 5.Estimated average demand savings per hp when VFD is implemented. (From San Francisco State University Industrial Assessment Center study)

Table 6. Estimated average demand savings per hp when VFD is implemented. (From PG&E Standard Performance Contract (SPC) program)

Table 7. Estimated average demand savings per hp when VFD is implemented. (From San Diego State University Industrial Assessment Center study)

Table 8. Estimated average demand savings per hp when VFD is implemented. (Magnum LLC VFD manufacturer)

Using the data from the previous tables a combined average demand savings of 0.22 kW/hp was calculated.

Table 9. Estimated equipment and labor cost for VFD implementation.
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Economics

The following economic analysis displays the simple payback period for various rebate levels and annual operation periods.  An energy rate of $0.128/kWh is used to determine the payback period.  This rate is based on an average of Rates A and B in the AG-1 schedule.  It is significant to the note that the economic analysis is based on data with an idle time of 20% the total cycle time.  This is assumed to be the industry average.  Applications with idle times less than 20% would experience longer payback periods and those with times greater than 20% would experience shorter payback periods.  Using an average idle time allows the rebates to be simplified for the purposes of the Express Efficiency Program.  The following explains how the payback period is calculated,
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Table 10. Estimated simple payback period for 6000 hrs/yr of operation at various rebate levels.
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Table 11. Estimated simple payback period for 7000 hrs/yr of operation at various rebate levels.
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Table 12. Estimated simple payback period for 8000 hrs/yr of operation at various rebate levels.
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Tables 6, 7, and 8 summarize the simple payback periods for various rebate levels.  The data suggests that the payback period will be roughly one year or less for annual operation greater than 6000 hours regardless of the rebate level.  The actual payback period would vary depending upon the application and the specific part being molded. 

Example Programs

Southern California Edison

SCE has in the past offered a 30% of the total VFD cost as an incentive.

Pacific Gas & Electric

The 2001 SPC program offered $150 per saved kW.  In the example provided this equated to rebates of $24/hp for one machine and $14/hp for the other.  These machines were running roughly 7000 hrs per year, which translates to a 0.98 year payback and 1.02 year payback respectively.
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