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Executive Summary
This report presents a market-based industry standard practice (ISP) study of the application of
variable frequency drives on new pumps used for agricultural irrigation purposes. The study had
the following objectives:
• Evaluate the current market trends related to selection of variable frequency drives
(VFDs) for new agricultural pump purchase/installation.
• Determine whether VFDs are industry standard practice for agricultural irrigation.
• Understand the barriers for adopting VFDs on new agricultural pump purchases/
installations in this market segment.
• Provide information and guidelines for California utility program developers and
stakeholders in energy efficiency programs and projects.
The objectives have been achieved through the following:
• Developing survey questionnaires, and administering surveys to pump vendors/
distributors.
• Contacting customers through emails and phone calls to complement the surveys.
• Developing questionnaires and administering surveys to subject-matter experts in the
industry.
• Analyzing the results about current market trends to make ISP determinations.
•
Based on the initial list of contacts for pump and VFD vendors/distributors provided by PG&E
staff, BASE reached out to approximately 110 contacts and then distributed the surveys to
approximately 80 pump vendors/distributors with valid contact information. A total of 11 people
contacted have responded to the survey questionnaire, resulting in a response rate of
approximately 14%. The 11 respondents included pump vendors/distributors, VFD
vendors/distributors, and VFD panel designers. Nine respondents completed all of the survey
questions while two respondents responded to approximately half of the survey questions. We
made follow-up phone calls to gather additional information from the respondents and to ensure
that the respondents in this study were a good representation of the agricultural industry. All
responses were incorporated into our analysis in this study.

By analyzing and reviewing the survey data from vendors/distributors and subject-matter experts
and follow-up communications, we were able to determine whether variable frequency drives on
new agricultural pumps have become industry standard practice based on the current market
trend analysis. The major findings from this study include the following:
• Survey results show that approximately 31% of customers selected VFDs for installation
on new agricultural pump purchases/installations.

BASE Energy, Inc.

2

Pacific Gas and Electric Co.

ISP Study of VFDs on New Agricultural Irrigation Pumps
•
•

•
•
•

Among customers who purchased VFDs to be installed on new agricultural pumps, only
22% of them received incentives from the utility in the past.
The likelihood for customers to select VFDs for new agricultural pump
purchase/installation is under 50% indicating somewhat unlikely, whether or not the
utility requires inrush current mitigation for systems equal to or greater than 100
horsepower (hp).
o The likelihood for customers to select VFDs for installation over soft starters is
30% when there is no requirement for inrush current mitigation for systems less
than 100 horsepower (hp)
o The likelihood for customers to select VFDs for installation over soft starters is
40% when PG&E requires inrush current mitigation for systems equal to or
greater than 100 horsepower (hp)
The useful service life of VFDs appears to be between 5 and 8 years.
Survey respondents and subject-matter experts felt the pump size did not affect the useful
service life of VFDs; instead other custom-specific factors (such as location, operating
range, etc.) would affect the VFD service life.
Several vendors and distributors noted that education on the benefits of VFDs needs to be
improved for further adoption of VFDs. They stated that a majority of their customers
may hear about VFDs being used as a soft starter only, but they may not understand the
other benefits of VFDs. Some respondents mentioned that their customers may not
welcome the added complexity that VFDs would add to the system since the customers
do not know how to handle that complexity.

We conclude that the installation of VFDs on new agricultural pumps (well and booster pumps)
used for irrigation purposes is not ISP, regardless of pump size or utility’s requirements for
inrush current mitigation. In addition, customer-specific factors, initial capital costs, and
education on the proper use of VFDs are the main factors affecting selection of VFDs compared
to soft starters. Utility rebates/incentives along with education would be recommended for
encouraging more customers to understand and implement VFDs for new agricultural pumps,
transforming this specific market segment.
Results from this market-based ISP study can be used to support and update the deemed
workpaper and custom programs, subject to relevant California Public Utilities Commission
(CPUC) policies and statewide program administrators (PA) rulings. The findings and
conclusions from this ISP study provide up-to-date information on industry standard practice for
installation of VFDs on new agricultural pumps used in irrigation applications. The information
is useful to support PG&E’s program and product teams to update or modify the existing deemed
programs and products. The study outcomes can be used to validate claimable savings while
reducing the risk of compromising cost effetiveness of PG&E’s energy efficiency portfolio. In
custom programs, project developers must first review eligibility, determine appropriate codes,
document program influence of individual custom projects, and then use the outcomes from this
ISP study report to select appropriate standard practice baselines in individual custom projects.
BASE Energy, Inc.
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Introduction
BASE was commissioned to perform a study to determine the industry standard practice (ISP) by
investigating the current market trends for application of variable frequency drives on new
pumps used for irrigation purposes in the agricultural sector.
The following includes project goalsand technical objectives, project activities, and an outline of
the report organization.

2.1 Project Goals and Objectives
The overarching goals of this study were to:
•
•
•

Evaluate the current purchase and installation trends for inclusion of VFDs on new
pumps in the agricultural sectors, specifically for well and booster pumps.
Understand the factors that affect the decision for inclusion of VFDs on new agricultural
pumps used for irrigation purposes.
Determine whether inclusion of VFDs on new agricultural pumps is considered industry
standard practice and how their inclusion would affect utility energy efficiency programs
and projects.

The technical objectives of this project include:
•
•

•

Develop an analytical protocol for gathering and analyzing market data on adoption of
VFDs on new pumps used for pumping water in the agricultural sector.
Evaluate the barriers against and reasons for selection of VFDs for new agricultural
pumps used for pumping water based on responses collected from equipment
vendors/distributors serving the agricultural market and subject-matter experts (SMEs) in
the industry.
Demonstrate how the industry standard practice (ISP) conclusions are drawn based on the
collected information from survey responses from vendors/distributors and SMEs.

2.2 Project Activities
The main activities in this project included the following:
•
•
•
•
•

Development of a comprehensive survey instrument for pump vendors and distributors
(including companies who supply, distribute, and install pumps);
Development of questions to discuss with subject-matter experts;
Administration of online surveys and phone interviews with vendors/distributors;
Communication with survey respondents and subject-matter experts through phone calls
and emails for clarification and further details; and
Analysis and summaries of results from surveys, emails, and telephone discussions.
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2.3 Report Organization
Section 3 presents a brief background on agricultural pumps used for pumping water and the
application of variable frequency drives and identifies utility rebate or custom incentive
programs in the nation to support installing VFDs.
Section 4 describes the study’s approach, including development and administration of the
survey.
Section 5 describes the process used to assess whether installing variable frequency drives on
new agricultural pumps used for irrigation is considered industry standard practice.
Section 6 summarizes the survey results and communications with subject-matter experts.
Section 7 presents the study’s findings and conclusions, and discusses the methods and
qualitative criteria considered for determination of ISPs.
Section 8 is the bibliography.
Appendix A provides a copy of the survey instrument, and Appendix B provides a copy of the
survey results. Appendix C provides a copy of the detailed discussions with subject-matter
experts.
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Background
Section 3 presents a brief background on agricultural pumps used for pumping water and the
application of variable frequency drives, and identifies nationwide utility rebate or custom
incentive programs to support installing VFDs on agricultural pumps.

3.1 Overview of Variable Frequency Drives Used for Agricultural Pumps
PG&E is interested in developing standard practice information to support justification for or
modification of the existing work paper on variable frequency drives on agricultural pumps. We
intend to get a better understanding of whether VFDs are considered ISP on new agricultural
pump installations through surveys and discussions with vendors/distributors and subject -matter
experts in this field. This understanding will help to determine whether VFDs on new
agricultural pumps are considered industry standard practice.
Variations in irrigation systems typically lead system designers to over-design the size or
capacity of irrigation pumps. Additionally, pressurized irrigation systems may have variations in
the operating pressure or flow conditions. Thus, the options that can be used to control the
appropriate flow rate to the irrigated crops include either throttle valves or variable frequency
drives. The two main applications of VFDs in agricultural pumping systems are for well pumps
(typically vertical turbine and/or submersible pumps) and for booster pumps (typically
submersible or centrifugal pumps).
In developing the 2015 PG&E work paper entitled “Variable Frequency Drives on Agricultural
Pumps,” BASE reviewed more than 300 PG&E projects related to agricultural pumps. Well
pumps, booster pumps, and combined (well and booster) pumps were included as a part of that
study. Based on the review of the PG&E projects, typical pump operating characteristics are
presented in Table 3-1. Typical pump sizes for each category of pumps (well, booster, and
combined) are shown in Figure 3-1 on the following page.
Table 3-1 Typical Irrigation Pumps and Operating Characteristics
(Based on PG&E Project Database)

Pump Type

HP
Range

Average
HP

HP Std.
Deviation

Flow
Range
(gpm)

Pump Head
Range
(feet)

Well Pumps
Booster Pumps
Combined Pumps

25 – 600
25 – 150
30 – 100

233
85
69

148
41
40

110 – 5790
215 – 5900
600 – 1650

39 – 841
22 – 268
70 – 296

*

Pump
Efficiency
Range
(%)
35% - 88%
30% - 89%
N/A*

Data regarding pump efficiency for combined pumps was not available.
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Figure 3-1 Typical Pump HP for Each Pump Category

3.2 Concept and Definition of ISP
This report considers that “industry standard practice (ISP) represents the typical current
equipment purchases or common trending practice absent the utility program.” As referenced in
the Energy Efficiency ISP Guide, ISP was defined based on a CPUC Decision 1 that “For
purposes of establishing a baseline for energy savings, we interpret the standard practice case as
a choice that represents the typical equipment or commonly-used practice, not necessarily
predominantly used practice.”
In this study, justification for ISP determination requires the examination of evidence and
likelihood supporting (or refuting) that the VFD technology is currently purchased and adopted
more likely than not in new irrigation systems, and making the correct determination of
purchasing the technology or the customer’s practice in the current environment is more likely
1

Decision 12-05-015, May 18, 2012. State of California Public Utilities Commission (CPUC).
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than not. This justification requires a higher-than-50% likelihood for the current purchase
tendency to be correct; therefore, survey questionnaire and interview questions are designed to
allow analysis accordingly, while avoiding leading questions, so that the responses from
interviewees provide objective and credible evidence for informative ISP analysis and
determination.
Deemed programs provide rebates for the installation of advanced energy efficiency
equipment/measures that may have been identified through standard utility energy efficiency
audits. Deemed retrofit measures have fixed incentive amounts per unit/measure and are
intended for projects that have well-defined energy and demand savings. To ensure cost
effectiveness of utility program under CPUC policy framework, periodic review of deemed
rebate programs should be performed to determine whether the specific energy efficiency
measure is considered ISP. By simply providing financial incentives to customers for what they
are already planning to implement independent of the program would not be considered by the
CPUC as a productive use of ratepayer funding even if it may be more energy efficient than the
ISP. The objective of using deemed program rebates is to motivate a customer to do more, not to
simply reward them for their normal replacement, maintenance or upgrade of facility equipment.
It’s highly recommended that thoughtful and credible reviews of the deemed projects in terms of
eligibility and influence be performed on a periodic basis through relevant ISP study results to
determine whether the deemed product should continue to be offered or if modifications to the
program are needed.
According to the Energy Efficiency Industry Standard Practice (ISP) Guidance V1.99, typical
market studies should be less than five years old. Work Paper PGECOAGR119 documented the
rationale for inclusion of variable frequency drives on agricultural pumps used for irrigation into
PG&E’s rebate catalog. This product rebate was to encourage agricultural customers to install
VFDs to replace throttling control on their irrigation pumping systems. This work paper was
developed in 2014 and included into PG&E’s deemed product catalog in the same year. The
objective of this study is to support justification for this existing work paper and to determine
whether modifications to the product offering would need to be made.
It is important to note that in deployment of a technology/process, there is no one ISP study that
fits all applications. This is especially true for custom projects that seek appropriate standard
practice baselines to qualify for a utility program incentive under the regulatory framework in the
California market. Per the CPUC Resolution 4939, appropriate standard practice baselines for
individual custom projects must be selected following a prescribed three-step selection process,
and cannot be universally established for all projects installing a technology independent of the
site- or customer-specific considerations. Outcomes from a market-based ISP report alone is
insufficient to qualify for a custom project. To effectively avoid free ridership, project
BASE Energy, Inc.
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developers first need to establish what the customer is planning to do before their intervention,
then document higher-efficiency, higher-cost options for the customer to consider implementing
as compared to all other viable measures that would meet the customer’s functional and technical
requirements.

3.3 Rebate or Custom Incentive Programs
We reviewed the current rebate and custom incentive programs from other utilities in the nation
that support installing variable frequency drives on new agricultural pumps used for irrigation.
Table 3-2 identifies the utilities sponsoring the programs and areas served, and briefly describes
the rebate programs.
Table 3-2 Incentive/Rebate Programs for Installing Variable Frequency Drives on New
Agricultural Pumps
Utility
Area Served
Program Offerings
Offers rebates for well (≤300-hp) and booster pumps (≤150-hp) at
Pacific Gas and Northern and
$20/hp/motor with a max of $6000 for well pump and $3000 for
Electric (PG&E) Central
booster pump. Larger pumps may qualify through custom
Company
California
incentive project.
Southern
Offers rebates for well (≤300-hp) and booster pumps (≤150-hp) at
Southern
California
$75/hp. Larger pumps may qualify through custom incentive
California
Edison (SCE)
project.
San Diego Gas
Offers rebates/incentives through their Streamlined Ag Efficiency
San Diego
and Electric
Program. Incentives are $0.08/kWh based on the verified energy
County
(SDG&E)
savings.
New York State
Energy
Offers incentives to agricultural facilities through their
Research &
Agriculture Energy Audit Program, which includes
New York
Development
comprehensive or targeted audits to identify electric and natural
Authority
gas energy efficiency measures.
(NYSERDA)
Offers rebates for pumps 20-hp or higher through the local utility.
Bonneville
Pacific
Rebates range from $50/hp for centrifugal pumps (new
Power
Northwest
construction or retrofit) to $60-$80/hp for turbine pumps ($60/hp
Administration
for retrofit, $80/hp for new contruction).
USDS’s Natural
NRCS’s Environmental Quality Incentives Program (EQIP) helps
Resources
High Plains
farmers to receive financial and technical assistance to install
Conservation
region
VFDs on agricultural pumps.
Service (NRCS)
Energy Trust of
Oregon

BASE Energy, Inc.
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Table 3-2 Incentive/Rebate Programs for Installing Variable Frequency Drives on New
Agricultural Pumps (continued)
Utility
Area Served
Program Offerings
Offers rebates for installing VFDs on irrigation well pumps for
Focus on
retrofit and new construction. Rebates are $15/hp for pumps that
Wisconsin
Energy
operate between 500 and1000 hrs and $30/hp for pumps that
operate over 1000 hrs.
Offers rebates for installing VFDs on water well pumps ranging
from 1-hp to 200-hp. The rebates range from $400 (for 1-hp) up
Xcel Energy
Minnesota
to $8,000 (for 200-hp). Pumps over 200-hp require custom
evaluation and pre-approval.
Offers incentives for variable frequency drives from 1-hp to 200Loup Power
Nebraska
hp with a minimum of 2,000 hrs of annual use. Incentives of
District
$30/hp are available for new pumps.
Offers rebates for 20-hp to 500-hp agricultural pumps. Basic
Fall River Rural Idaho,
qualifications require three fill irrigation seasons’ load history,
Electric
Montana, and
either a flow rate variation of at least 20% or a discharge pressure
Cooperative
Wyoming
variation of at least 10%. Pumps above 500-hp can qualify as a
custom project.
Offers rebates for installing VFDs on irrigation pumps. Pumps
Consumers
6 counties in
must operate a minimum of 500 hrs/yr to qualify. Incentives are
Power Inc.
Oregon
calculated per kWh based on the verfified energy savings of the
installed project, capped at 50% of project costs.
Chelan County
Customers who have an irrigation pump served by Chelan PUD
Public Utility
Washington
may qualify for an incentive of $60/hp or 75% of the total
District
installed cost (whichever is lower) for installing a VFD.
Columbia
Offers financial incentives to assist members with upgrades or
Umatilla
Basin and Blue improvements to their systems that can be demonstrated to
Electric
Mountain
improve energy efficiency – including offering incentives for
Cooperative –
country of
VFDs on irrigation pumps. Rebates are calculated per kWh
UEC Irrigation
Northeastern
based on the verfified energy savings of the installed project,
/Agriculture
Oregon
capped at 50% of project costs.
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Study Approach
Section 4 discusses development of the survey instrument and questions and administration of
the surveys.

4.1 Survey Instrument
A comprehensive survey instrument was developed to understand whether inclusion of variable
frequency drives (VFDs) on installation of new agricultural pumps used for pumping water is
considered common practice.
The survey was developed with the following objectives:
• Understand the current trends of purchase and installation of VFDs on new agricultural
pumps used for pumping water.
• Identify main factors for selection/installation of VFDs on new agricultural pumps.
• Understand distribution of motor sizes where VFDs are selected for purchase and
installation.
• Explore the correlation of customers’ participation in PG&E energy efficiency incentive
programs and their selecting VFDs on new agricultural pumps.
The survey instrument is included in Appendix A of this report. Details of the online survey
results, as well as phone responses to follow-up questions, are presented in Section 6.1 of this
report. Section 6.2 summarizes the conversations with subject-matter experts for this project.
Several iterations of the survey were discussed and reviewed with PG&E staff prior to
distribution to vendors/distributors in an effort to keep the survey as concise as possible while
still obtaining the information needed to help understand whether VFDs on new agricultural
pumps used for irrigation should be considered ISP. Once the survey was approved and finalized
by the PG&E staff, the survey was uploaded to an online platform, SurveyMonkey, where survey
participants could easily enter their responses to the online questions. The survey questions are
listed in Table 4-1.
Table 4-1 Survey Questions
Question
#
1
2
3

Questions
Which of the activities (i.e., sell well/booster pumps, sell VFDs, etc.) related to agricultural
pumps used for irrigation purposes are you involved in?
Approximately what percentage of your customers/users of pumping systems have selected
VFDs for new purchases/installation on agricultural pumps used for irrigation in the past 12
months?
For customers/users of pumping systems who purchased VFDs to be installed on new
agricultural pumps for irrigation purposes in Question 2, how many received incentives from
the utility?

Continued on following page.
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Table 4-1 Survey Questions
Question
#
4
5
6
7
8
9
10
11
12
13

Questions
For customers who selected VFDs for purchase/installation on new agricultural pumps used
for irrigation in the past 12 months, what is the breakdown for well pumps vs. booster
pumps?
If you sold VFDs to customers for use with well pumps, what was the range of hp sizes that
were sold and is there a more common hp that was sold compared to other motor sizes?
If you sold VFDs to customers for use with booster pumps, what was the range of hp sizes
that were sold and is there a more common hp that was sold compared to other motor sizes?
Are there particular agricultural facilities (e.g. vineyards, crops, etc.) and/or particular crop
types that you notice who purchase new agricultural pumps for VFDs used for irrigation
more than others? Please elaborate.
In your opinion, if the utility were to require a soft starter for a pumping system at a
particular location, how likely is the customer to specify a VFD to be installed on that new
pump system used for irrigation instead of a soft starter?
In your opinion, if the utility does NOT require a soft starter for a pumping system at a
particular location, how likely is the customer to specify a VFD to be installed on that new
pump system used for irrigation?
How would you rank your customers’ major criteria for selection of VFDs for installation of
new agricultural pumps used for irrigation? (i.e., variability in supply of surface water,
ability to control flowrate/pressure, energy efficiency, etc.)
How would you rank your customers’ major reasons/barriers for NOT selecting VFDs for
installation on new agricultural pumps used for irrigation? (i.e., cost, complexity, no load
variability, lack of knowledge on benefits of technology, other)
In your experience, what is the useful service life for a VFD on a new agricultural pump?
In your experience, does the size of the pump affect the useful service life of the VFD?
Please elaborate.

4.2 Conducting Survey and Interviews
Based on the initial list of contacts for pump and VFD vendors/distributors provided by PG&E
staff, BASE reached out to approximately 110 contacts and then distributed the surveys to
approximately 80 pump vendors/distributors with valid contact information. A total of 11 people
contacted have responded to the survey questionnaire, resulting in a response rate of
approximately 14%. The 11 respondents included pump vendors/distributors, VFD
vendors/distributors, and VFD panel designers. Nine respondents completed all of the survey
questions while two respondents responded to approximately half of the survey questions. We
made follow-up phone calls to gather additional information from the respondents and to ensure
that the respondents in this study were a good representation of the agricultural industry. All
responses were incorporated into our analysis in this study.
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Study Tasks
The purpose of this study was to understand today’s trends in procurement and installation of
variable frequency drives on new pumps used for agricultural irrigation. The following tasks
were performed to establish whether installing variable frequency drives on new agricultural
pumps used for irrigation is considered industry standard practice:
• Identify vendors/distributors of pump/VFDs serving the agricultural industry.
• Identify any codes/regulations pertaining to variable frequency control for pumps used in
agricultural irrigation.
• Develop a survey instrument for distribution to vendors/distributors of pump/VFDs
serving the targeted industry to collect their observations of customers’ choice today or
business recommendations, and to understand how likely VFDs are being
purchased/adopted by agricultural customers.
• Conduct phone interviews to collect clarification and additional information not included
in the online survey.
• Review and analyze survey results to determine if VFD is ISP for new pump installations
in specific agricultural irrigations.
• Conduct interviews with subject-matter experts in the industry to get their input
pertaining to installation of variable frequency control for agricultural irrigations.
• Corroborate the survey results to understand similarities and differences among the
survey responses and subject matter expert responses.
• Determine if installing variable frequency drives on new pumps used for specific
agricultural irrigation is industry standard practice.

Study Results
This section presents the results of the vendors/distributors survey and the results of the
discussions with subject-matter experts. The complete survey responses are presented in
Appendix B.

6.1 Vendors/Distributors Survey
This section summarizes the results from the vendors/distributors surveys, including survey
questions, responses, and analyses.
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# of Responses

Question 1: Which of the following activities related to agricultural pumps used for irrigation
purposes are you involved in? Please check all that apply.

# of Responses

Question 2: Approximately what percentage of your customers/users of pumping systems have
selected VFDs for new purchase/installation on agricultural pumps used for irrigation in the past
12 months?

% of Customers Selecting VFDs for New
Pump Purchase/ Installation
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# of Responses

Question 3: For customers/users or pumping systems who purchased VFDs to be installed on
new agricultural pumps for irrigation purposes in Question 2, how many received incentives
from the utility?

% of Customers Who Received Incentives for VFDs

Based on responses were knew whether their customers received incentives for VFDs, the
weighted average was calculated.

Median Value
Q3: How many customers who
purchased VFDs received incentives
from utility?

63%

76% 100%
88%

Total # of
Responses

0

1

8

0 – 25%

26 – 50%

51 – 75%

12.5%

38.0%

7

0

Weighted Average

22%

The weighted average percentage for customers who received incentives for installation of VFDs
on their agricultural pumps was calculated as:
[(7×12.5%) + (0×38.0%) + (0×63%) + (1×88%)] / 8 = 22%.
A weighted average of 22% means that only 22% of their customers who had purchased VFDs
for installation on their pumps received incentives from the utility, accounting for less than 7%
of the customers.
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Question 4: For customers who have selected VFDs for purchase/installation on new
agricultural pumps used for irrigation in the past 12 months, what is the breakdown for booster
pumps vs well pumps?
Respondent
Respondent #1
Respondent #2
Respondent #3
Respondent #4
Respondent #5
Respondent #6
Respondent #7
Respondent #8
Respondent #9

% Booster Pumps
25%
50%
30%
10%
40%
50%
75%

% Well Pumps
25%
50%
70%
90%
60%
50%
25%
Don’t know

50%

50%

Question 5: If you sold VFDs to customers for use with well pumps, what was the range of hp
sizes that were sold and is there a more common hp that was sold compared to other motor sizes?
Respondent
Respondent #1
Respondent #2
Respondent #3
Respondent #4
Respondent #5
Respondent #6
Respondent #7
Respondent #8
Respondent #9

Range of Sizes Sold

Most Common Size

30 – 700 hp
40 – 500 hp
300 – 600 hp
100 – 250 hp
40 – 250 hp
100 hp and up
25 – 350 hp
Did not answer
75 – 500 hp

200-hp
200-hp
400-hp
150-hp / 200-hp
125-hp
200-hp / 300-hp
75-hp
100-hp
150-hp / 250-hp

Question 6: If you sold VFDs to customers for use with booster pumps, what was the range of
hp sizes that were sold and is there a more common hp that was sold compared to other motor
sizes?
Respondent
Respondent #1
Respondent #2
Respondent #3
Respondent #4
Respondent #5
Respondent #6
Respondent #7
Respondent #8
Respondent #9

BASE Energy, Inc.

Range of Sizes Sold

Most Common Size

30 – 125 hp
7.5 – 50 hp
60 – 150 hp
50 – 150 hp
15 – 100 hp
25 – 75 hp
25 – 100 hp
Did not answer
75 – 125 hp

75-hp / 100-hp
30-hp
60-hp
60-hp
30-hp
25-hp / 75-hp
50-hp
50-hp
100-hp
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Question 7: Are there particular agricultural facilities (e.g. vineyards, crops, etc.) and/or
particular crop types that you notice who purchase new agricultural pumps with VFDs used for
irrigation more than others? Please elaborate.
Respondent
Respondent #1
Respondent #2
Respondent #3
Respondent #4
Respondent #5
Respondent #6
Respondent #7
Respondent #8
Respondent #9

Crop Type
All crop types
Dairy and ag farming
Almonds
Row crow and vineyard
Nuts and citrus
Permanent tree crops (75%) and row crops (25%)
Trees and vineyards
Row crops like tomatoes
Pistachios

# of Responses

Question 8: In your opinion, if the utility were to require a soft starter for a pumping system at a
particular location, how likely is the customer to specify a VFD to be installed on that new
pumping system used for irrigation instead of a soft starter?

Likelihood of Customer to Specify VFD
with requirement for soft starter

BASE Energy, Inc.
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# of Responses

Question 9: In your opinion, if the utility does not require a soft starter for a pumping system at
a particular location, how likely is the customer to specify a VFD to be installed on that new
pumping system used for irrigation?

Likelihood of Customer to Specify VFD
without requirement for soft starter

BASE Energy, Inc.
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For Questions 10 and 11 in the survey, respondents were asked to rank major criteria/barriers.
For these questions, the following rating scale was used to calculate the weighted average2:
• Least Important
=
1 point
• Not Too Important =
2 points
• Somewhat Important =
3 points
• Important
=
4 points
• Most Important
=
5 points
The collected responses were then calculated to yield a weighted average. For example, 8
vendors responded the following way for one of the criteria listed in Question 10.

Variability in
Supply of Surface
Water

Least
Important
(1pt)

Not Too
Important
(2 pts)

Somewhat
Important
(3 pts)

1

1

2

Most
Important
Important
(4 pts)
(5 pts)
2

1

Total
Responses

Weighted
Average

8

2.75

The weighted average rating is hence calculated as [(1×1)+(1×2)+(2×3)+(2×4)+(1×5)]/8=2.75.
This weighted average rating is used to present the results for Questions 10 and 11.
Question 10: How would you rank your customers’ major criteria for selection of VFDs for
installation of new agricultural pumps used for irrigation?

Energy Efficiency
Soft Start Capability or Regulation/Requirement
Ability to Control Flowrate/ Pressure

Diversity of Crops
Variability of Water Flow Application
Variability in Supply of Surface Water
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

Weighted Averages
(with 1 Least Important to 5 Most Important)

2

The survey questions were set up in SurveyMonkey as Rating Scale questions.
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Question 11: How would you rank your customers’ major reasons/barriers for NOT selecting
VFDs for installation of new agricultural pumps used for irrigation?

Lack of Knowledge of Benefits of VFD

No Load Variability

Complexity

Cost

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

Weighted Averages
(with 1 Least Important to 5 Most Important)

Question 12: In your experience, what is the useful service life for a VFD on a new agricultural
pump?
Respondent
Respondent #1
Respondent #2
Respondent #3
Respondent #4
Respondent #5
Respondent #6
Respondent #7
Respondent #8
Respondent #9

BASE Energy, Inc.

Useful Service Life of VFD
7-10 years if a VFD is maintained properly (i.e., change filters as needed
and keep equipment doors closed). Heat, dirt and moisture are their
enemy, proper sizing and design are the keys to longevity.
5 to 7 years
6-8 years and even at the parts that don’t need to be replaced aren’t costly.
I haven’t had one completely go out and have to replace the whole drive.
I’ve seen VFDs that are ~8-yrs old working well in the field but they have
only become prevalent in more recent years. It’s difficult to estimate a
service life when most I’ve seen have been installed in the last decade.
Still in process
Depends on the make/manufacturer
5 to 10-years, closer to 10 for real hot areas
20-years plus
5-years
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Question 13: In your experience, does the size of the pump affect the useful service life of the
VFD? Please elaborate.
Respondent

Does Pump Size
Affect Useful
Service Life of
VFD?

Respondent #1

No

Respondent #2

Not Usually

Respondent #3

No

Respondent #4

Not necessarily

Respondent #5

No

Respondent #6
Respondent #7

Yes
Did not answer

Respondent #8

No

Respondent #9

No

BASE Energy, Inc.

Comments

If the drive is sized to the motor and programmed
properly, the drive should perform with no problems.
If the pump design requires amps to produce the
necessary current to the pump the water then both the
motor and the drive will have shortened lives.
The service life of VFD is dependent on many
factors – where it is located, where it is on the power
grid. End of the line is usually a bad location for
VFDs.
Just don’t want to run into the service factor. It is
best to oversize your drive if possible.
Most farmers won’t put a VFD on a small pump due
to cost. I think they choose larger pumps because
they move more water therefore have a greater
degree of variability in irrigation possibilities with
VFD adjustments.
Majority are designed with bypass. We use load
reactors, strike zorbs, 1.0 service factor or less.
100-hp or less have longer life.
A lot needs to be little oversized.
Useful service life is directly affected by the
operating range. If operated at very low speed, the
VFD will run hot and VFD life is negatively
impacted.
Wrong hp size drive can have an effect on the
lifespan of the motor. The pump itself should not
affect the service life of the VFD.
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Question 14: Additional feedback you may have in regards to this survey.
Respondent
Respondent #1
Respondent #2
Respondent #3

Respondent #4

Respondent #5
Respondent #6
Respondent #7
Respondent #8
Respondent #9

Comments
Did not answer.
Power company incentives play a beneficial role in selling VFD controllers to
our customers.
Customers are happy with VFDs and even the customers that don’t want to run
into the service factor, it is best to oversize your drive if possible.
I think education on how to get the most efficiency from newly purchased
VFDs is paramount. I often see VFDs installed and set but when the
serviceman leaves the property, no one knows how to adjust the VFD or
navigate through the display screen to see valuable information or change
settings if need be.
I don’t agree with all the requirements the utility has listed that customers
comply by.
Did not answer.
I think rebates are great.
A VFD can negatively impact the overall pumping plant efficiency if not sized
properly or managed correctly.
Did not answer.

6.2 Summary of Main Results
PG&E requires inrush current mitigation for motors over 100-hp. Customers do have the option
of utilizing either soft starters or variable frequency drives for this purpose.
In development of the survey, the following were the main questions that help understand current
market and determine whether VFDs are ISP or not:
• Question 2 – Approximately what percentage of your customers/users of pumping
systems have selected VFDs for new purchases/installation on agricultural pumps in the
past 12 months?
• Question 8 - In your opinion, if the utility were to require a soft starter for a pumping
system at a particular location, how likely is the customer to specify a VFD to be
installed on that new pumping system used for irrigation instead of a soft starter?
• Question 9 - In your opinion, if the utility does NOT require a soft starter for the
pumping system at a particular location, how likely is the customer to specify a VFD to
be installed on that new pumping system used for irrigation?
Question 2 in the survey asked vendors/distributors to rate what percentage of their customers
have selected VFDs for new purchase/installation on agricultural pumps in the past 12 months.
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The collected responses were then calculated to yield a weighted average 3 . For example, 11
vendors responded with the following results to Question 2 on the selection of VFD control on
new pumps used for agricultural irrigation within the past 12 months.
Median Value
Q2: Customer Selection of VFDs for
New Purchase/ Installation

0 – 25%
12.5%

26 – 50%
38.0%

51 – 75%
63%

76%+
88%

Total # of
Responses

6

3

1

1

11

Weighted Average

31%

The weighted average percentage for customer adopting VFD control on new pumps for
installation is calculated as [(6×12.5%)+(3×38.0%)+(1×63%)+(1×88%)]/11 = 31%. A weighted
average of 31% means that approximately 31% of the customers adopt VFDs for installation on
new pumps used for agricultural irrigation within the past 12 months.
Questions 8 and 9 asked how likely the customer would be to specify a VFD to be installed on a
new pumping system used for irrigation instead of a soft starter, with the following options:
•
•
•
•
•

0-25% likelihood: Not-likely
26-50% likelihood: Somewhat unlikely
51-75% likelihood: Likely
76-100% likelihood: Very likely
Don’t know

Following the same analysis as above for Question 2, the results for Questions 8 and 9 are shown
as follows:

Median Value
Q8: If Soft Starter Required,
likelihood of VFD over soft starter
Q9: If Soft Starter Not Required,
likelihood of VFD over soft starter

3

0 – 25%
12.5%

26 – 50%
38.0%

51 – 75%
63%

76%+
88%

Total

Weighted Avg.
%

3

3

4

0

10

40%

5

3

2

0

10

30%

The survey questions were set up in SurveyMonkey as Rating Scale questions.
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PG&E requires inrush current mitigation for systems equal to or greater than 100-hp. The
responses to Question 8 of the survey shows the results relevant to pumps equal to greater than
100-hp. A weighted average of 40% means that their customers are somewhat unlikely to select
and purchase VFDs for installation on new pumps greater than or equal to 100-hp used for
agricultural irrigation, when inrush current mitigation is required.
Corresponding to Question 9, a weighted average of 30% means that their customers overall are
somewhat unlikely to select and purchase VFDs for installation on new pumps less than 100-hp
used for agricultural irrigation, when inrush current mitigation is not required.
When given the option of installing soft starter or variable frequency drives, experts feel
customers will be more inclined to selecting the lower-cost option of soft starters. If financial
incentives are available to help offset the additional cost of the VFDs, the customers’ preference
or decision-making may be altered.
Additional results from the survey are:
•
•

•
•
•
•

Based on the responses for Question 4, a larger portion of the VFD sales for new pumps
were for well pumps.
Responses to Questions 5 and 6 indicate that more common pump motor average hp sizes
for VFDs sales were approximately:
o ~175-hp for well pumps
o ~60-hp for booster pumps
Responses to Question 7 shows that VFDs were sold to a wide range of agricultural
facilities.
From Question 10, the most important criterion for selecting VFDs for installation was
the ability to control flowrate/pressure and variability of water flow application (as a
need).
From Question 11, the most important barrier preventing the installation of VFDs was the
higher cost of VFDs.
The useful service life of VFDs ranges between 5 years and 10 years, and there is no
clear correlation with the pump sizes. The Database for Energy Efficiency Resources
states that the effective useful life of a VFD is 10-years. The survey responses support
this assumption.
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6.3 Discussion with Subject-Matter Experts
This section summarizes the results of the discussion with subject-matter experts with extensive
experience in the field. Phone interviews were conducted with irrigation system experts: Peter
Canessa from the Fresno State University Center for Irrigation Technology, Kyle Feist from Cal
Poly San Luis Obispo’s Irrigation Training and Research Center, and a few PG&E engineers.
General summaries of the conversations with these experts are included in this section.
Question 1: In your experience, are there particular agricultural facilities (e.g., vineyards, crops,
etc.) and/or particular crop types that you notice who tend to purchase new agricultural pumps
with VFDs to use for irrigation more than others? Please elaborate.
There doesn’t seem to be a particular type of facility nor crop type where this practice is more
prevalent. This varies depending on the type of the irrigation system and geographical
location. This is more likely to be installed in facilities that have higher pumping costs.
Question 2: Which agricultural facilities do you feel are good candidates for VFDs on
agricultural pumps used for irrigation who are not practicing this? What are their
obstacles/challenges to not do so?
Agricultural facilities with varying operating conditions would be good candidates for VFDs.
The main obstacles/challenges for not having VFDs are primarily knowledge of the benefits of
VFDs and other priorities in facility operations.
Question 3: In your experience for new pumping systems, what size well pumps used for
irrigation purposes do you see VFDs being installed on more than others?
They were varying responses to this question but it seems like well pumps above 75-hp have
more potential for VFDs being installed.
Question 4: In your experience for new pumping systems, what size booster pumps used for
irrigation purposes do you see VFDs being installed on more than others?
It seems like booser pumps above 30-hp have more potential for VFDs being installed.
Question 5: In your experience, what is the useful service life for a VFD on a new agricultural
pump?
Greater than 15 years.
Question 6: In your experience, does the size of the pump affect the useful service life of the
VFD? Please elaborate.
No, it depends on other factors especially if VFD is operated properly.
Question 7: In your experience, does the application of the pump (well pump or booster pump)
affect the useful service life of the VFD? Please elaborate.
No.
Question 8: In your experience, if the utility were to require soft starters for a pumping system,
would the customer select a soft starter for their new pump or a VFD? Please elaborate.
BASE Energy, Inc.
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Depends on the amount of rebates that the customer can receive for the VFD.

Summary of Subject Matter Experts Discussion
Based on the subject-matter experts’ feedback in regards to installation of variable frequency
drives on agricultural pumps used for irrigation, it seems that VFDs are more suited for certain
size well pumps and booster pumps than others. For well pumps, the experts had mixed
responses, with one saying over 75-hp, and the other saying between 20-hp and 75-hp. For
booster pumps, experts felt the range between 30-hp and 40-hp would be a good candidate for
VFDs. Depending on utility requirements for soft starters on pumps, the experts felt it could go
either way as regards installation of VFDs versus soft starters, with the cost being the main factor
influencing the decision. Rebates available from the utility may help VFDs become more
favorable.
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Conclusions
Section 7 presents the study’s findings and conclusions and discusses the methods and
qualitative criteria considered for determination of ISPs.

7.1 ISP Study Findings
Based on analyses and detailed review of the survey data from vendors/distributors, subjectmatter experts, and follow-up communications, the following tables show a summary of the
survey results.
Table 7-1 Summary of Pump Sizes from Survey Results
Range of Pump Sizes
Common HP Size
Pump Type
% of Total Sales
Sold
(Average)
Booster Pump
25-hp to 150-hp
60-hp
44%
Well Pump
25-hp to 600-hp
175-hp
56%
Table 7-2 Weighted Averages from Survey Results

Pump Size

Q2 - % of Customers
Selecting VFDs for
New
Purchase/Installation
on Agricultural
Pumps

Q3 - % of
Customers
Receiving
Incentives for
VFDs

Q8 – Likelihood of
VFD Selection if
Inrush Current
Mitigation Required
by Utility

Q9 - Likelihood of
VFD Selection if if
Inrush Current
Mitigation NOT
Required by Utility

Pumps < 100-hp
Pumps ≥ 100-hp

31%

22%

N/A
40%

30%
N/A

The following summarizes the major findings from this study:
• Survey results show that approximately 31% of customers selected VFDs for installation on
new agricultural pump purchase/installation within the last 12 months.
• For customers who purchased VFDs to be installed on new agricultural pumps, only 22%
received incentives from the utility.
• If the utility required inrush current mitigation (for pumps greater than or equal to 100-hp),
the likelihood of selecting VFDs for installation over soft starters was 40% indicating
somewhat unlikely.
• If the utility does not require inrush current mitigation (for pumps less than 100-hp), the
likelihood of selecting VFDs for installation over soft starters was even lower at 30%
indicating somewhat unlikely.
• Based on survey results, the useful service life of VFDs appears to be between 5 and 10
years.
• The ability to control flowrate and pressure appears to be customers’ most important criterion
for selection of VFDs to be installed on new agricultural pumps used for irrigation, and the
variability in water flow application is the second most important criterion.
• Soft start capability or regulation/requirement does not seem to be a criterion that customers
consider as being important when making decisions of selecting a VFD for installation.
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•
•
•

Cost is the most important barrier for customers NOT selecting VFDs for installation on new
agricultural pumps.
Survey respondents and subject-matter experts felt the pump size does not affect the useful
service life of VFDs; instead other customer specific factors such as location or operating
range would affect the VFD service life.
Both vendors and distributors noted that education on the benefits of VFDs needs to be
improved to further adopt and implement VFDs. They stated that the majority of customers
may know about VFDs only in the context of VFDs being used as soft starters. They may not
understand the other benefits and may not welcome the complexity that VFDs add to the
system because the customers may not know how to handle that complexity.

7.2 Conclusions and Recommendations
Based on analyses and detailed review of the survey data from vendors/distributors, subjectmatter experts and follow-up communications, we conclude that the installation of VFDs on new
agricultural pumps (well and booster pump) used for irrigation purposes is not ISP, regardless of
pump type, pump size, or utility requirements for inrush current mitigation.
In addition, customer specific factors such as ability to control water flowrates and pressures,
capital costs, and education on the proper use of VFDs are the main factors affecting selection of
VFDs compared to soft starters. Utility rebates/incentives along with education would be
recommended for encouraging more customers to understand and implement VFDs for new
agricultural pumps, transforming this specific market segment.
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Appendix C – Discussion with Subject Matter Experts
This section provideds the details of the discussions with subject-matter experts with extensive
experience in the field. Interviews were conducted with irrigation system experts: Peter Canessa
from the Fresno State University Center for Irrigation Technology, Kyle Feist from Cal Poly San
Luis Obispo’s Irrigation Training and Research Center, and a few PG&E engineers. General
summaries of the conversations with these experts are included in this section.
Question 1: In your experience, are there particular agricultural facilities (e.g., vineyards, crops,
etc.) and/or particular crop types that you notice who tend to purchase new agricultural pumps
with VFDs to use for irrigation more than others? Please elaborate.
• I tend to see VFD systems installed on pressurized irrigations systems that have at
least one of the following characteristics:
o Supplying irrigation water to higher value crops
o Relatively large pumping costs

•

VFD systems are less likely to be found on on-farm in the Santa Maria and Salinas
Valleys where the use of a common pump (well or booster, or both) is shared between
multiple farm leases. However, this situation is not very common elsewhere in
California.
Regarding brand new pumping systems and VFDs, the equipment selection is mostly
related to the irrigation system type and/or geographical area.

Question 2: Which agricultural facilities do you feel are good candidates for VFDs on
agricultural pumps used for irrigation who are not practicing this? What are their
obstacles/challenges to not do so?
• Any pumping system that is expected to operate efficiently with varied conditions is a
good candidate for a VFD system. Obstacles/challenges to additional VFD
conversions include:
• Knowledge – some may not have heard about VFD systems, or the financial and
flexibility benefits are not clear. It takes time and education to really understand
pumps and basic hydraulics.
• The added complexity is not welcomed.
• There is insufficient support from irrigation and pump dealers, and perhaps
electrical utility staff when it comes time to fill out grant and rebate paperwork.
•

Little attention is given to reducing power bills. Instead, higher priority items might
be fertilizer and pesticide costs, finding labor, compliance with other regulations, etc.

•

Geographical areas that experience fluctuating water tables in combination with a
discharge pressure requirement are good candidates for VFDs. This would not
include systems that use a reservoir to buffer the fluctuations. Also, any multi-block
irrigation system with relatively minor (+/-10-20%) variable flow/pressure
requirements may also be good candidates.
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Question 3: In your experience for new pumping systems, what size well pumps used for
irrigation purposes do you see VFDs being installed on more than others?
• Greater than 75-hp.
•

20-hp to 75-hp well pumps. Larger than 100-hp well pumps are more suited to
reservoir and or well/booster pump in series (booster may be a candidate for a VFD).

•

100-hp and up.

Question 4: In your experience for new pumping systems, what size booster pumps used for
irrigation purposes do you see VFDs being installed on more than others?
• Greater than 30-hp.
•

15-hp to 40-hp boosters. Large boosters (e.g., 75+hp) can achieve some of the
benefits of a VFD by combining two smaller boosters (e.g., 30-hp + 40-hp, perhaps
with a VFD on one).

Question 5: In your experience, what is the useful service life for a VFD on a new agricultural
pump?
• The on-farm VFD systems market is too young to know for sure. Only recently
(within the last 5-10 years) have excellent products been marketed on-farm. So for
now I would say greater than 15 years.
•

Have not seen significant failure rates on current models. Older models (15+ years)
are no longer available so service life not pertinent. Technology and heat ratings are
getting better all the time, so generalizations regarding service life are hard to make.

•

Not sure.

Question 6: In your experience, does the size of the pump affect the useful service life of the
VFD? Please elaborate.
• No, not really. The useful service life will depend on the following factors, which are
common to most electric/electronic systems:
• Input power quality, which is location and time dependent.
• Initial design and installation – is there sufficient cooling and dust protection?
Is the drive operating below/above or at the rated temperature? Was a surge
arrestor provided? How is the VFD loaded under normal operations? Was the
VFD programmed correctly?
• Maintenance – are maintenance tasks completed regularly? Examples
include:
o Cleaning out dust
o Cleaning air filters
o Replacing broken or worn fans
o Re-torquing input and output leads
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•

No, but overloading the VFD (pushing it to the limit of its rating) is a problem. Heat
control directly related to VFD service life affects service life.

Question 7: In your experience, does the application of the pump (well pump or booster pump)
affect the useful service life of the VFD? Please elaborate.
• No.
•

No difference.

Question 8: In your experience, if the utility were to require soft starters for a pumping system,
would the customer select a soft starter for their new pump or a VFD? Please elaborate.
• PG&E and most other utilities already require soft starting (with a soft starter or
VFD) for all new or retrofit installations over 75 HP. Installing a soft starter is
about one half the cost of a VFD installation – so it depends on the individual pump
owner. There is no easy answer – I have seen both in the field.
•

If the customer can get rebates/incentives that cover much of the VFD cost, they will
go VFD, especially if there are also other potential benefits (for example, they can get
an extra year or two of pump service from spinning the pump a bit higher than 60 hz,
or they have some variable system requirements that will be addressed).

•

Depends on the cost differential and added benefits of VFDs.
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