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IRRIGATION SECTOR


Summary


In 1994, the region’s agricultural sector consumed about 661 average megawatts of electricity for irrigation, about 4 percent of the region’s total consumption.  The technically achievable potential for conservation measures, estimated with a marginal measure not exceeding a cost of about two and a half cents per kilowatt-hour, is about 10 average megawatts.  This estimated potential resource comes from making existing loads more efficient, rather than efficiency improvements in new irrigated acres.  These savings are available at an average cost of about 1.6 cents per kilowatt-hour, taking into account administrative costs and adjustments for transmission and distribution savings.  Figure G-41 depicts estimated irrigation sector conservation available at various costs--the irrigation conservation supply curve.


The conservation resource in public utility service areas is estimated to be about 45 percent of the total potential, with about 55 percent in the private utility service areas, based on the proportion of total irrigation loads in the Council forecast, not including Bureau of Reclamation loads.


Overview of Irrigation in the Pacific Northwest


Acres Irrigated


There are an estimated ten million irrigated acres in the four Northwest states of Idaho, Montana, Oregon, and Washington, of which about 56 percent are currently sprinkler irrigation, as Table G-54 and Figure G-36 portray.  While the total number of acres under irrigation has remained flat, there has been a gradual shift from surface to sprinkler irrigation.  In general, surface irrigation uses gravity rather than pumping to bring the water to the field and to apply it to the crops, while sprinkler irrigation nearly always utilizes electricity in the process.


Table G-54


Irrigated Acreage, Four Northwest States, Sprinkler and Surface, 1985 - 1995�


�
Irrigated�
Sprinkler�
Sprinkler�
Surface�
Surface�
�
�
Acres�
Acres�
%�
Acres�
%�
�
1985�
10,140,860 �
5,274,340 �
52%�
4,866,520 �
48%�
�
1986�
10,074,925 �
5,225,985 �
52%�
4,848,940 �
48%�
�
1987�
10,098,900 �
5,254,975 �
52%�
4,843,925 �
48%�
�
1988�
10,120,910 �
5,306,770 �
52%�
4,814,140 �
48%�
�
1989�
10,111,200 �
5,292,185 �
52%�
4,819,015 �
48%�
�
1990�
10,034,965 �
5,292,410 �
53%�
4,742,555 �
47%�
�
1991�
10,134,900 �
5,594,860 �
55%�
4,540,040 �
45%�
�
1992�
10,081,300 �
5,549,960 �
55%�
4,531,340 �
45%�
�
1993�
10,111,525 �
5,591,470 �
55%�
4,520,055 �
45%�
�
1994�
10,246,400 �
5,690,200 �
56%�
4,556,200 �
44%�
�
1995�
10,280,470 �
5,743,150 �
56%�
4,537,320 �
44%�
�
Average�
10,130,578 �
5,437,846 �
54%�
4,692,732 �
46%�
�



�
Figure G-36


Irrigated Acres in the Four Pacific Northwest States,�


Sprikler and Surface, 1985-1995


�


Irrigation Power Sales


Figure G-37, based on the Council’s preliminary medium load forecast, charts irrigation power sales by utility type and sales from the U.S.  Bureau of Reclamation, from 1981 to 2015.


Figure G-37


Irrigation Power Sales by Utility/Agency Type, 


Backcast and Forecast, 1981-2015, Preliminary Medium


�


�



Figure G-38 charts the actual historical total regional irrigation sales by utilities, from 1970 to 1994.  This does not include power use by the U.S.  Bureau of Reclamation (which averages about 60 average megawatts per year).  Figure G-38 differs from the pre-1994 data in Figure G-37 because it is unadjusted for the volatility of weather and economic conditions from one year to the next.


Figure G-38


Total Regional Irrigation Sales, 1970-1994, in Average Megawatts�


�





As a gross indicator of average consumption per acre, the table below calculates the kilowatt-hour per acre using the values from figures G-36 and G-38.  The energy used includes the consumption associated with the U.S.  Bureau of Reclamation irrigation project in the mid-Columbia area of Washington State.  This is a gross measure, and the average consumption is low because eastern Montana power consumption is not included but its acres are.


Table G-55


Electrical Consumption Per Sprinkler Irrigated Acre, 1985 - 1994


Year�
Sprinkler Acres�
aMW Used�
KWh/Acre�
�
1985�
5,274,340�
615�
1,021�
�
1986�
5,225,985�
561�
940�
�
1987�
5,254,975�
618�
1,030�
�
1988�
5,306,770�
649�
1,071�
�
1989�
5,292,185�
641�
1,061�
�
1990�
5,292,410�
683�
1,131�
�
1991�
5,594,860�
656�
1,027�
�
1992�
5,549,960�
739�
1,166�
�
1993�
5,591,470�
585�
917�
�
1994�
5,690,200�
722�
1,112�
�
Average�
5,407,316�
647�
1,048�
�
�
Irrigation Load Shape


Energy savings from irrigation efficiency improvements are available when irrigation is happening.  Figure G-39 charts the irrigation load shape curve which the Council uses.  In the cost-effectiveness analysis of irrigation savings, the avoided cost reflects the value of the savings at the time they are produced.  Thus, in a winter-peaking regional system where the system constraints are in the winter, irrigation savings gets valued less than, say, savings from heating, which tend to directly coincide with system peaks.  Of course if the local utility distribution system serving the irrigator suffers capacity constraints in the irrigation season, then the actual value to that local system would be greater if the conservation measures helped the utility delay or defer distribution system improvements.


Figure G-39


Irrigation Load Shape, Percentage Annual Load by Month


�


Overview of Utility Irrigation Conservation Programs


Through 1994, the region’s electric utilities have reported cumulative savings in the irrigation sector of 22.0 average megawatts.  As reported to Nutrak (Northwest Utility Conservation Tracking System), these savings came from: Bonneville Power Administration, 17.6 average megawatts (basically savings acquired by BPA customer utilities running BPA programs); Idaho Power Co., 4.3 average megawatts; and Montana Power Co., .03 average megawatts (for entire MPCo system).  PacifiCorp had some irrigation conservation activity in 1994 but didn’t claim any savings in its Nutrak filing.


Following are brief descriptions of the current or most recent irrigation energy conservation programs operated by these Northwest utilities.


Bonneville Power Administration WaterWise Program


Bonneville has operated conservation programs in the irrigated agriculture sector since 1979.  Initial efforts consisted of a pilot program that evolved in 1982 into a regional pump testing and system evaluation program, administered and operated by participating utilities.  The program has been expanded to include contracts with certified analysts to test and evaluate irrigation systems.  Irrigated agriculture programs provide incentives and rebates to encourage irrigators to adopt cost-effective energy conservation measures.


The WaterWise Program includes System Testing and Design Work (Stage I), Hardware Retrofit (Stage II), and Irrigation Management features.  Pump testing and analyses are provided to locate system components that could, through retrofit, produce energy conservation.  Irrigation management facilitates the efficient use of energy and water resources by optimizing the operation of the irrigation system.


The WaterWise Program reflects a decade of utility and BPA experience in irrigation-related conservation programs.  The program matured because of the contributions of many utilities, analysts, state and Federal agencies, and other interested parties.


The Irrigated Agriculture Hardware Program expired and was rewritten in 1991.  The resulting WaterWise Program was an acquisition agreement operated by 39 utilities, all east of the Cascades.  


Historically, system testing and retrofit activities were limited to small and medium systems.  FY 1992 saw the addition of procedures to analyze large irrigation systems (over 480 acres).  Some large irrigation systems’ project costs exceed $1 million.  The program budget was nearly doubled for FY 1992 to cover these new systems.


BPA has incorporated irrigation management techniques into the WaterWise Program.  These techniques, when practiced correctly, have the potential to save energy and water, and improve crop yield.  Previous BPA pilot programs, conducted during the last 3 years, have shown good potential for water and energy savings through irrigation management.  Beginning in 1994, Bonneville separated out its irrigation management activities into a WaterWise Scheduling Program.


Idaho Power Company Agricultural Choices Program


On April 21, 1993, by order No.  24848 of the Idaho Public Utilities Commission, Idaho Power’s Agricultural Choices Program was approved for agricultural customers served by Idaho Power Company.  This program promotes hardware modification of customer owned irrigation equipment to permanently reduce pumping horsepower and electric system demand.  The new Agricultural Choices Program is designed to meet the efficient redesign/design needs of large, medium, small and new irrigation systems, served under one of Idaho Power’s irrigation tariffs in Idaho, Oregon, and Nevada.


The component of the program targeting large customers is applicable to customers with nine or more pumps totaling at least 1000 horsepower (Hp) in a single interconnected irrigation system.  Large customers will provide an analysis of their systems (via engineering study).  Upon Idaho Power review, the customer may enter into an agreement to receive incentive payments from Idaho Power for retrofitting the system, which will make it more energy efficient, resulting in lower energy demand and usage.


The component of the program targeting medium-sized customers is applicable to customers with connected irrigation loads of at least 40 Hp in a single interconnected irrigation system.  Medium customers may have an irrigation system analysis provided by Idaho Power or by a dealer/consultant of their choice.  After review of the analysis Idaho Power may enter into an agreement to improve the irrigation system efficiencies and the customer will receive from Idaho Power an incentive payment for making energy efficiency retrofit(s) to their irrigation system.


The component of the program targeting small customers is scheduled for roll out in the spring of 1994 and will be applicable to customers with connected loads less than 40 Hp in a single interconnected irrigation system.  Small customers supply an analysis of their system (analysis provided by customer’s dealer).  Upon Idaho Power review, the customer may enter into an agreement to receive incentive payments from Idaho Power for making energy efficiency retrofit(s) to their irrigation system.


The component of the program tageting new irrigation customers is scheduled for roll out concurrent with the “small” system.  It will be applicable to new irrigation accounts installing pressurized irrigation systems on land that has never had a permanent pressurized system installed before.  New customers will provide a design proposal of their system to Idaho Power (design provided by customer’s dealer).  Upon Idaho Power review, the customer may enter into an agreement to receive incentive payments (customer and dealer) from Idaho Power for adopting new energy efficient design features into the irrigation system installation.


Water quality and environmental issues continue to impact the farming community and will be on the increase in the future.  This may cause a larger number of farmers to convert to pressurized irrigation systems, as well designed pressurized systems can result in more efficient use of water, fuel, and chemicals in addition to saving energy.


Montana Power Company Irrigation Pilot Program


Contracted through the National Center for Appropriate Technology, this program offers free irrigation audits for Montana Power Company customers with irrigation systems of 20hp or greater.  Provides interest free loans for improvements in efficiency identified by the audit, to include the pump, motor, sprinkler equipment, nozzles, regulators and drop tubes.


Total Irrigation Savings


Figure G-40 charts the adjusted annual first year savings for irrigation programs sponsored by Northwest electric utilities.  These savings basically reflect programs that providing testing or hardware retrofit assistance with one notable exception.  In 1994 Bonneville began offering a scheduling program that produced 5 aMW that year.  This is an O&M measure, that only provides savings in the year that it is delivered.  In other words, it has a measure life of one year.


Figure G-40


Annual First Year Electric Savings in Irrigation, Adjusted, 1978-1994�


�





Estimate of Potential for Future Irrigation Efficiency Improvements


In putting together estimates of future potential irrigation efficiency, the Council staff used an approach where the potential savings could be expressed as bundles of that were similar in the type of savings captured (e.g.  end use, subsector), the techniques used to capture them, and so forth.  The “market bundle” approach was used to to identify and explore different real-world paths that might be followed by utilities or others to deliver irrigation energy savings in the future.


Each bundle is more fully described in Appendix G-3.  Because of economic and institutional changes, the regional plan does not set conservation acquisition targets for the region’s utilities.  The irrigation market bundles were defined largely to follow three important threads established through the evolution of irrigation conservation programs over the past decade or more in the region.  


For irrigation, three market bundles were identified:


hardware retrofits


scheduling


education


Irrigation Hardware Retrofits


The hardware retrofits market bundle addresses problems and opportunities with the hardware of existing irrigation systems.  Hardware retrofits can include an initial system assessment, design, installation of measures, and post-installation testing.


The principal conservation measures installed in irrigation hardware retrofits are:


low pressure irrigation on center pivot systems;


fittings redesign;


main-line modifications; and


improved pump efficiency.


Low pressure irrigation involves using sprinkler or spray application devices designed to operate at lower pressures than conventional sprinkler devices.  These low pressure devices can be divided into three major types: low pressure spray heads, low pressure impact sprinklers and drop tubes.


The fittings of an irrigation system include valves, elbow joints and other components used to connect the irrigation pump to the pipes of the system and to connect the pipes within the system to each other.  Fittings redesign involves using larger tapered fittings to replace valves and elbows that are too small or that change abruptly in size and direction.


Main line modification involves increasing the size of the system’s main line or relining, resulting in decreased energy losses due to decreased friction.  This redesign can sometimes be accomplished most economically by installing a second main line pipe parallel to the existing one.


Field tests show that many irrigation pumps operate at unacceptably low efficiencies and thus consume much more energy than is necessary to deliver the water.  According to Pacific Northwest Extension Publication PNW 285, the four primary causes of low overall pumping plant efficiencies are:


mismatches of pump, irrigation systems, and changed depth to water source;


improperly designed or sized fittings;


pump wear due to abrasion or cavitation; and


poor maintenance practices.





Typically, hardware retrofit programs are considered to have an average measure life of 15 years.


Irrigation Scheduling


Also known as water management, improved scheduling involves management of both timing and amount of water applications throughout the growing season.  This reduces water use without reducing crop yields, and energy use is reduced due to a decrease in pumping requirements.  Scheduling is the cornerstone of a basic comprehensive management approach to efficient water and energy management, with all other conservation measures being necessary components.  Experience indicates that scheduling is easier to implement on center pivot systems than on hand-move and sideroll systems.  


The question has been raised whether scheduling really saves electricity.  Savings from scheduling depend upon farmers overwatering in the base case, which is not well documented.  In addition, variations in annual rainfall and evapotranspiration mean that scheduling may save energy in normal water years, but not when extreme conditions exist.  In very dry years, water is a limited resource, and scheduling may simply improve the crop, since water is applied at appropriate times, but not save energy since overwatering is constrained.  


There is a range of sophistication for activities which fall under the heading of scheduling.  At the low-tech end, it may involve an irrigator relying on general information on soil moisture content, recent and forecast rainfall, and generalized evapotranspiration data for his crops, combined with visual information-gathering such as driving by a field, walking a field, feeling the soil for moisture, visually inspecting plants, and so forth.  This information would be the basis for determining how much and when to apply water, and then operating the system accordingly.  


At the sophisticated end of the spectrum, scheduling can involve aerial imagery from aircraft or satellites to ascertain where crops are receiving too much or too little water and/or agrichemicals, precisely located using GPS (global positioning system) devices on the ground.  Ground truth information can come from neutron or ultrasound probes that precisely measure the moisture being held within the root zone.  Forecast meteorological information allows more precise estimates of expected natural rainfall and evapotranspiration.  Skilled agronomists can identify the need for nutrients and pesticides.  Computerized control systems then order automated systems to deliver the needed water and agrichemicals precisely as prescribed, to the exact location, exactly when needed.


There is an important educational component built into an irrigation scheduling program, particularly the sophisticated programs, where an irrigator is often visited twice a week by an agronomist to be briefed on the progress and needs of his or her crops.


In programs across the region, there are private specialists who now provide scheduling and water management services to both participants in utility-funded programs as well as non-participants.  Because the scheduling services only directly affect water use in the growing season that is scheduled, the average measure life is considered to be only one year.


Irrigation Education


The third irrigation market bundle is education.  Historically, utility and other irrigation efficiency programs have incorporated an important education component into both hardware and scheduling programs.  The reason for treating education as a separate market bundle is the recognition that in the future, utilities may not be in a position to fund hardware and scheduling programs as they have in the past.  By separating out education, the Council recognizes that it would be possible to provide competent and accessible information, training, and technical assistance to irrigators separate from incentives toward hardware and/or scheduling.


Even absent incentives, individual irrigators who are informed with up to date information on best irrigation practices and the relative costs and performance of system configurations, are better equipped to make good decisions--that is, decisions that best contribute to their bottom line as well as most efficiently use the valuable resources of energy, water, and soil.


Irrigation education is currently provided by state agricultural extension services, the U.S.  Natural Resources Conservation Service (formerly SCS), and by state energy and water resouces agencies.  An excellent example is the program of “Energy Efficient Irrigation Workshops” provided in Idaho every year since 1992.  These workshops are jointly sponsored by the Energy Division of the Idaho Department of Water Resources, the University of Idaho Cooperative Extension System, and a host of cooperating utilities and federal agencies.  


They publish an excellent “Energy-Efficient Irrigation Practices Handbook” and bring the workshops to the irrigator at numerous locations across the state, in mid-winter, prior to the start of the irrigation season.  


For planning purposes, the Council’s analysis assumes that educational efforts have a measure life of three years.  It is impossible to precisely assign energy savings to an educational program, but virtually everyone who has worked in the area of irrigation efficiency agrees that education delivers results.  As one long-time irrigation specialist observed, “Humans aren’t born knowing how to irrigate.”


Irrigation Supply Curve


The irrigation supply curve is plotted in Figure G-41 and appears in table G-56, which follows the figure.


These values are based on a thorough review of conservation costs and savings reported by utilities operating irrigation efficiency programs, combined with professional judgment and discussions with seasoned experts in the field.  


Estimates of irrigation conservation potential are made difficult due to major data limitations, including: data from Bonneville’s WaterWise Program (costs, savings, acres,); utility sales for purposes of irrigation; and linkage of irrigated acres to utility service areas and utility irrigation sales.  Most of the available information is sufficiently removed from the specifics (county, utility, crop, system type) that detailed analysis is essentially not possible.  One bright light on the horizon is the legislatively required program to measure and report groundwater usage in Idaho, now in its infancy.  With a little extra effort, this program could pave the way for inexpensive early identification of opportunities to conserve water and energy.  


Of particular value was the “Review of Potential Irrigation Energy Conservation Savings in the Pacific Northwest,” prepared for Bonneville by Trimmer Engineering, Inc.  Although this report is limited in that it looked only at public utilities that were running Bonneville’s WaterWise program, it did systematically estimate the physical opportunities for additional energy conservation.  It identified what was attainable from an engineering standpoint.  It did not examine cost-effectiveness.  This study estimated an energy ratio, defined as the ratio of how much energy was required to irrigate by the amount actually sold by the utility.  For those utilities with energy ratios less than 0.7, the study estimated that a maximum of 40 average megawatts may be available.  There are also many individual opportunities in utilities with higher energy ratios, but they were not estimated in the Trimmer study.  Also of particular value in putting the supply curve estimates together was additional personal communication with Walt Trimmer.


Figure G-41 charts the supply curve which combines the estimated savings from each market bundle and arrays them on the basis of the quantity of savings estimated to be available at various costs.


�
Figure G-41


Irrigation Supply Curve
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Table G-56, Irrigation Supply Curve Values
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� The savings values in Figure AG-5 are adjusted for uniform treatment of T&D savings.
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