
Sustainability and Agriculture Go 
Together like Peanut Butter and Jelly
Incentives, technologies, and cost-benefi ts from sustainability 

initiatives and natural resource conservation practices

Th e agriculture industry consumes huge amounts of energy and water resources. In doing so, it contributes to signifi cant carbon 

and greenhouse gas emissions. Th e agriculture industry’s often overlooked and environmentally harmful rates of natural resource 

consumption are largely-in-part due to poor land and resource management, ineffi  ciencies in agricultural equipment, and a lack 

of awareness to the benefi ts of sustainability initiatives by agriculture industry members. Th is white paper highlights:

• U.S. federal programs helping agriculture industry members sustain the natural resources of their lands
• State programs helping agriculture industry members obtain fossil fuel independence through the application 

of:
1. Water effi  cient practices and technologies

2. Energy effi  cient practices and technologies

3. Onsite renewable energy generation
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Sustainability, best understood, involves a balancing 
act between society and the living environment 
in which we interact. Such an interaction is no 
closer than the one humans play with agriculture. 
Unfortunately, the hot-topic of sustainability, 
including its billions of dollars in investments 
and services, is slow in benefi tting the agriculture 
industry and those of the agricultural social class, 
who are most deserving.

Agriculture is known to be a major contributor 
to increased greenhouse gas (GHG) and 
anthropogenic carbon emission rates. Measured 
from 1990 through 2007, the agricultural practices 
of soil management, enteric fermentation and 
manure management, rice cultivation, and fi eld 
burning of agricultural plant residue contributed 
to U.S. GHG emissions by more than 6 percent 
(excluding land-use change) (U.S. EPA, 2009). 
Additionally, agricultural lands and their associated 
facilities (i.e. buildings, labs, greenhouses, storage 
rooms, farmhouses, etc.) are major consumers 
of energy and water. Th e ineffi  ciencies of farm 
equipment and facilities, and the modern farmers’ 

lackluster attitude to conserve energy, water and land 
resources, are greatly contributing to unnecessary 
costs and fi nancial burdens on the small farms, 
families, and organizations within the agriculture 
community. Rising energy costs and water shortages, 
coupled with the cost-eff ectiveness of energy 
effi  ciency retrofi ts, renewable energy generation 
technologies, and water conservation strategies and 
techniques, show the agriculture industry that they 
cannot aff ord to ignore the incentives and benefi ts 
available through sustainability initiatives.

Th is white paper identifi es the available incentives/
rebates, technologies, and retrofi t projects for 
farmers, ranchers, agricultural researchers, and other 
industry members, to help cut energy and water 
utility costs. It highlights some of the industry’s small 
businesses, family farms, and research centers that 
are benefi tting from investments in energy and water 
effi  ciencies and sustainability strategies/practices. Th e 
sustainability initiative cost-savings, available to the 
thousands of ineffi  cient agricultural facilities around 
the world, must not be overlooked when considering 
global GHG and carbon emission reductions.

Executi ve Summary
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Introducti on: Connecti ng 
Sustainability and Agriculture

Th e U.S. agriculture industry has undergone 
drastic changes since the end of World War II. In 
the mid-1940s, new technologies, mechanization, 
increased use of pesticides and fertilizers, land-
use specialization, and government policies set in 
place to maximize production all contributed to 
heightened food productivity. Th ese changes allowed 
fewer farmers, with reduced labor demands, to 
produce the majority of the food for U.S markets.

While serving benefi cial to the industry, by meeting 
U.S. food demands and reducing risk associated with 
farm labor, these innovations brought signifi cant 
negative environmental impacts and fi nancial costs. 
Topsoil depletion, groundwater contamination, the 
decline of family farms, continued neglect of the 
living and working conditions for farm laborers, 
increased costs of production, and the disintegration 
of economic and social conditions in rural 
communities, are among the more well-known 
negativisms.

To combat these environmental and social problems, 
agriculture-related sustainability ideologies and 
management practices emerged over the past three 
decades. Simply put, Sustainability in Agriculture 
is agricultural management “that meets the needs 
of the present without compromising the ability 
of future generations to meet their own needs” 
(WCED, 1987). Th e technological advancements of 
the present, and evermore progressive environmental 
policies to come, make up the underutilized and 
invaluable resources of the agriculture community.

Not only do sustainability initiatives address many 
environmental and social concerns for the agriculture 
industry, they off er innovative and economically 
viable opportunities for growers, laborers, 
consumers, policymakers, etc., to remain profi table. 
Th e information to follow addresses each of these 
opportunities. First with federal agency incentives; 
followed by state, local, and private sector incentives; 
and fi nishing with nationwide case studies and 
success stories (Figure 1). To maintain prosperous 
lifestyles for future generations, Sustainability 
in Agriculture must be utilized to establish the 
industry’s minimum management practice standards. 
Environmental, societal, and economic factors 
associated with agriculture must work together to 
provide life’s natural resources to society, promoting 
conservation, and maintaining longevity.

Figure 1: Sustainability initiatives off er opportunities to remain profi table.
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Federal Programs

SUSTAINABLE AG-LANDS AND RESOURCE 
CONSERVATION: THE 2008 FARM BILL

Enacted into law in June 2008, the United States 
Department of Agriculture (USDA) “Farm Bill” 
(FB-08) governs the majority of Federal agriculture 
and related programs until 2012-2013. Of FB-
08’s 15 titles, those of interest to agricultural 
sustainability practices include “…conservation 
through land retirement, stewardship of land and 
water resources, and farmland protection; rural 
community and economic development initiatives, 
including regional development, rural energy 
effi  ciency, water and waste facilities, and access to 
broadband technology; encouraging production 
and use of agricultural and rural renewable energy 
sources…” (USDA, 2008). Th e following highlights 
funding opportunities among active programs in the 
areas of land conservation, water protection, energy 
effi  ciency, and renewable energy generation.

THE ENVIRONMENTAL QUALITY INCENTIVES 
PROGRAM

Th e Environmental Quality Incentives Program 
(EQIP) “serves as a voluntary land conservation 
program for farmers and ranchers, to promote 
national goals of agricultural production and 
environmental quality” (Beard, 2010). EQIP off ers 
fi nancial and technical help to assist participants 
in installing or implementing structural and 
management practices on agricultural production 
and livestock-grazing lands that reduce soil pollution 
and erosion; reduce air pollution particulates 
(i.e. nitrogen oxides, volatile organic compounds, 

ozone precursors, etc.); and promote at-risk species 
habitat conservation. EQIP’s primary objective 
is to optimize environmental benefi ts, through a 
variety of resource conservation measures. Th erefore, 
farmers and ranchers, with ownership over degraded 
or habitat-sensitive lands, have the potential 
to obtain large fi nancial benefi ts from EQIP 
participation while simultaneously restoring land 
fertility and natural resources.

Additions and revisions to EQIP, from FB-08, 
include an emphasis to support conversion to 
organic farming systems, an inclusion of forest 
management practices, energy conservation 
practices, and water conservation practices. EQIP 
provides payments up to 75 percent ($300,000 limit 
during a six-year period) of costs to planning, 
installing and managing conservation practices, 
and up to 100 percent of income sacrifi ced 
from the conservation practices’ and activities’ 
implementation. Additionally, EQIP may provide 
payments up to 90 percent of incurred costs to 
underserved producers.

Before completing an EQIP funding application 
there are a few things to know about the selection 
process. First, EQIP is extremely competitive 
(Figure 2). Since EQIP’s initiation, in 1997, farmer 
applications for enrollment have far exceeded 
available funding each fi scal year. However, the 
program’s success and attractiveness among the 
agriculture community helps maintain federal 
budget approvals, every four years.
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Figure 2: Statistics, EQIP funds vary by ERS farm resource regions; the 
program is very competitive.

Second, a strict ranking criterion is used in selecting 
applicants for participation. Ask the following 
questions when preparing an application:

1. What is the total cost-eff ectiveness to ensure 
that proposed conservation practices are the 
most effi  cient means of achieving the anticipated 
environmental benefi ts?

2. How eff ective and comprehensive is the proposed 
project at addressing the designated resource 
concerns of the land?

3. How close does your application align with 
EQIP’s primary objectives?

4. Are conservation systems already in place? Is 
your project proposal an improvement plan on 
existing, in-place systems?

Lastly, EQIP’s eligibility is wide-ranging, but 
contract requirements can be challenging to meet. 
Th e length of an EQIP contract may be from one 
to ten years, with an average of two or three years. 
Project proposals and conservation plans should 
be specifi c to each plot of land. EQIP applications 
and criteria for selection can vary between states, 
therefore a good starting point is to contact your 

state National Resource Conservation Service 
(NRCS) offi  ce and develop a plan based on your 
state’s conservation priorities.

CONSERVATION STEWARDSHIP PROGRAM

Similar to EQIP and formerly the Conservation 
Security Program, the Conservation Stewardship 
Program (CSP) is “a voluntary conservation program 
that encourages producers to address resource concerns 
in a comprehensive manner” (Howard, 2010) by:

• Undertaking additional conservation activities
• Improving, maintaining, and managing existing 

conservation activities

With close guidance from NRCS, CSP provides 
fi nancial and technical assistance to farmers and 
ranchers for land practices that improve soil, water, 
and air quality; conserve water and energy; promote 
increases in biodiversity of wildlife and pollinator 
habitats; and sequester carbon and reduce GHG 
emissions to help mitigate climate change. Eligible 
lands include cropland, grassland, prairie land, 
improved pastureland, rangeland, nonindustrial 
private forest lands, agricultural land under the 
jurisdiction of an Indian tribe, and other private 
agricultural land (i.e. cropped woodland, marshes, 
and agricultural land used for the production of 
livestock) on which resource concerns related to 
agricultural production could be addressed.

Providing suffi  cient funding to enroll 13 million acres 
each year, FB-08 authorizes a continuous sign-up for 
CSP, where potential applicants can apply at any time 
throughout a single fi scal year. Just as with EQIP, 
applicants are ranked, the highest of which receive 
funding. Contracts are set at fi ve-year terms and single 
$40,000 payment limitations. Th e major criteria used 
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for ranking applicants are based on how far farmers 
and ranchers have already gone in conservation 
practices and measures, and how much further they 
are willing to go, to address natural resource concerns 
on their lands and of their state’s priorities.

To be eligible for CSP, farmers and ranchers must 
meet “stewardship thresholds” for priority resource 
concerns, one at the time of a contract off er and a 
second by the end of the fi ve-year contract period. 
Th erefore, most farmers and ranchers, typically, 
manage and maintain conservation practices on their 
lands prior to enrolling in CSP. Figures 3, 4, and 5 
serve as examples of potential practices and activities 
by CSP participants.

Figure 3: Vegetated buff er strips along waterways are eff ective at slowing and 
fi ltering water runoff . (Photo credit: NRCS [Kemp, 2009].

Figure 4: Cover crops can be incorporated into many cropping systems, 
providing protection from erosion while improving soil quality. (Photo credit: 
NRCS [Kemp, 2009].

Figure 5: Grass-based agriculture for livestock forage or biomass earns high 
rewards in CSP for its many environmental benefi ts. (Photo credit: NRCS 
[Kemp, 2009].

When completing applications for CSP consider the 
following factors:

1. What has already been done? – Th e extent of the 
baseline level of conservation on the ground at 
the time of enrollment.

2. How and what you are planning to improve? 
– Th e degree to which the proposed new 
conservation activities address the priority 
resources and improve conservation outcomes 
OVER baseline levels.

3. Verifying your eligibility – Th e total number of 
priority resource concerns that are addressed to 
meet or EXCEED the stewardship threshold level.

4. Anticipated eff ectiveness of your new proposals 
– Th e extent to which other natural resource 
concerns are addressed to a level that will 
improve and conserve them by the end of the 
contract period.

5. Cost-eff ectiveness of your new proposals – Th e 
extent to which the environmental benefi ts from 
the contract are provided at the least cost relative 
to other similarly benefi cial contracts.
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CONSERVATION RESERVE ENHANCEMENT 
PROGRAM

An extension of the country’s largest private-
lands environmental improvement program, the 
Conservation Reserve Program (CRP), the 
Conservation Reserve Enhancement Program (CREP) 
is “a voluntary land retirement program that helps 
agricultural producers protect environmentally 
sensitive land, decrease erosion, restore wildlife 
habitat, and safeguard ground and surface water” 
(FSA, 2009). Administered by USDA’s Farm Service 
Agency (FSA), CREP provides fi nancial incentives to 
farmers and ranchers for conserving and enhancing 
the natural resources of their farms by temporarily 
removing land from agricultural production. CREP 
is in place to address high-priority conservation 
issues of local and national signifi cance, such as water 
supply and demand, and soil erosion. “CREP is a 
community-based, results-oriented eff ort centered on 
local participation and leadership.”

CREP projects are specifi c to the agriculture-related 
environmental issue of each plot of land registered, 
and require a 10- to 15-year commitment to keep 
lands out of agricultural production.

“For the landowner, CREP is not just a cost-eff ective 
way to address rural environmental problems and 
meet regulatory requirements; it can provide a viable 
option to supplement farm income as well.”

Requirements for eligible land include:

• Owned or leased for at least one year prior to 
enrollment

• Physically and legally capable of being cropped 
in a normal manner

• Meet cropping history and other eligibility 
requirements

CREP also helps landowners develop and restore 
wetlands through the planting of appropriate 
groundcover. As the next section shows, the 
restoration of freshwater intensive ecosystems will 
help protect national treasures like the Chesapeake 
Bay and the Florida Everglades.

CASE STUDY: JAMES RIVER WATERSHED

In November 2009, South Dakota Governor Mike 
Rounds announced plans to enroll 100,000 acres 
of agricultural land, located in the James River 
Watershed (Figure 6), in the USDA’s Conservation 
Reserve Enhancement Program (CREP).

Enrollment in CREP includes program objectives 
to improve water quality, reduce soil erosion, aid 
fl ood control and enhance wildlife habitat in acreage 
around the James River Watershed.

“Th e USDA is proud to collaborate with South 
Dakota to protect and conserve our natural 
resources while improving the quality of life in 
our communities,” said Agriculture Secretary Tom 
Vilsack (Meisenheimer & White, 2009).

Th e total cost of the South Dakota CREP over the life 
of the project is estimated at $161.4 million for a total 
enrollment of 100,000 acres, of which an anticipated 
$151 million (more than 90 percent!) to come 
from the federal FSA rental rates and state program 
incentives (SDGFP, 2008). Aside from the programs 
general eligibility requirements, farmers and ranchers 
that enroll in the James River Watershed CREP are 
also required to enroll their intended land in the 
South Dakota Game, Fish and Parks Walk-In Area 
Program for hunting and fi shing access.
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Figure 6: South Dakota enrolls the James River Watershed in CREP. (Photo 
credit: http://www.riverrescue.net/images/riverfog003_1.jpg)

RURAL ENERGY FOR AMERICA PROGRAM

Formerly the Renewable Energy Systems and Energy 
Effi  ciency Improvements Program and administered 
by the USDA, the new Rural Energy for America 
Program (REAP) promotes energy effi  ciency and 
renewable energy for agricultural producers and 
small rural businesses through the use of: 

• Grants and loan guarantees for renewable energy 
systems and energy effi  ciency improvements 
(RES/EEI)

• Grants for energy audits and renewable energy 
development assistance (EA/REDA)

• Grants for renewable energy feasibility studies 
(FEASIBILITY)

Awarded on a competitive basis, the grants may fund 
up to 25 percent of an eligible project’s cost, capped 
at $100,000. Grants for renewable energy feasibility 
studies are capped at $50,000. Loan guarantees are 
available capped at $25 million per project.

For the 2010-12 remaining program years, funds are 
distributed as $60 million for fi scal year (FY) 2010, 
$70 million for FY 2011 and an equal amount for 
FY 2012. Popularity of the program in previous 
years has made way for increased funding and even 
a discretionary budget (Figure 7). Eligible renewable 

energy projects (Figure 8) include wind, solar, 
biomass and geothermal; and hydrogen derived from 
biomass or water using wind, solar or geothermal 
energy sources (DSIRE, 2009). Since its start in 
2003, REAP has helped thousands of farmers, 
ranchers and rural small businesses fi nance clean 
energy technologies and energy effi  ciency projects 
(more than 3,000 projects funded throughout the 
U.S.), and in so doing save money, increase personal 
revenues, and cut GHG emissions from agriculture.

Figure 7: REAP Popularity Outpaces Resources – In repsponse to the program’s 
initial success, the 2008 Farm Bill doubled total funding to $255 million from 
2008-12. FY 2010 discretionary funding provided an additional $39 million. 
(Photo credit: http://farmenergy.org/wp-content/uploads/2009/04/barchart_
reapfunding.jpg)

Figure 8: REAP funding by technology from 2003-2009. (Photo credit: http://
farmenergy.org/wp-content/uploads/2009/04/pie_reapfundingtotals.jpg.)
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CASE STUDY: PINEHOLD GARDENS IN OAKCREEK, 
WISCONSIN INSTALLS SOLAR

Farm owners, Sandy Raduenz and David 
Kozlowski of Pinehold Gardens in Oakcreek, WI, 
received REAP grant funding from installing two 
photovoltaic solar systems at their 21 acre fruit and 
vegetable farm. Th e fi rst system, a 2.5 kW dual-axis 
tracker, was installed in May 2005 with an expected 
19 year payback time period. “However, through 
multiple funding sources, including a $4,940 REAP 
grant, an overachieving system, and rising energy 
costs, they are recovering their investment faster than 
expected” (ELPC, 2008). Additionally, the “solar 
tracker” system, estimated to generate 4,100 kWh/
yr exceeded expectations from 2005-2008, averaging 
4,400 kWh/yr. “Th is performance bolstered the 
pair’s confi dence in solar technology as an answer 
to electricity costs. Th e addition of a second system 
allowed them to meet 100% of the farm’s electrical 
needs including irrigation, refrigeration, and heating 
their chicken house.”

Th e second system, a 2.7 kW dual-axis tracker, was 
installed in October 2008, is expected to generate 
3,438 kWh/yr, and received an $8,310 REAP grant 
(Figure 9). Aside from reducing the farm’s operating 
costs and increasing profi tability, owners Raduenz 
Kozlowski say the systems have served as a very 
eff ective marketing tool, drawing more attention and 
visitors to the farm. “We’ve been on the Midwest 
renewable Energy Association’s solar tour for three or 
four years . . . it’s a really great thing to do.” 

Figure 9: Oak Creek Wisconsin – Pinehold Gardens benefi tted from $4,920 
in 2004 and $8,310 in 2006,  from REAP grant funds. (Photo credit: Farm 
Energy Success Stories [ELPC, 2008]

RURAL ENERGY SELF-SUFFICIENCY INITIATIVE

Th e Rural Energy Self-Suffi  ciency Initiative (RESSI) 
is a new program that enables rural communities 
to increase their energy self-suffi  ciency. Serving as a 
grant program, RESSI provides funding to conduct 
community energy assessments, develop and analyze 
methods for reducing energy use from conventional 
sources, and develop and install integrated renewable 
energy systems. Authorized appropriations are 
$5 million annually for FY 2009-12, however, 
guidelines for implementation of this program have 
yet to be developed and funding to be dispersed 
(Ashby, 2008).

ACES ACT OF 2009, HR-2454 CAP-AND-TRADE 
BILL

On June 26, 2009, the House of Representatives 
narrowly passed the Waxman-Markey Clean Energy 
bill, now named the American Clean Energy and 
Security (ACES) Act. Ultimately, to be merged 
with the U.S. Senate’s version, a fi nalized bill could 
provide fi nancial benefi ts to farmers and ranchers 
that utilize more sustainable agriculture practices. 
“Farm income would be an average $22 billion 
a year higher under the bill, mostly the result of 
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higher crop and livestock prices, according to the 
EPA modeling. Th ere also would be some income 
from actions by farmers to limit greenhouse gases…
adoption of low or no-till systems, revising fertilizer 
practices, altering livestock feed mixes, or capturing 
methane from manure” (Abbott, 2009).

However, there exists great debate among politicians 
and agriculture organizations about the good and 
bad aspects of ACES. Specifi cally, agriculture 
provisions to the original bill, that would provide 
certain exemptions from the GHG emissions 
reduction requirement (the “cap” of “cap-and-trade”) 
for agricultural services, “[will force farmers to] buy 
allowances to stay in business while paying the same 
fuel price increases...the inevitable result will be 
reduced prices paid to farmers and higher food prices 
for consumers” (Chambliss, & Lucas, 2009).

A report from Texas A&M University’s Agricultural 
and Food Policy Center (AFPC) found that 71 of 98 
farms studied would be fi nancially burdened under 
ACES. “Twenty-seven out of 98 representative farms 
are expected to be better off  at the end of the period 
in terms of their ending cash reserves” (Department 
of Agricultural Economics, 2009). Reports by the 
USDA project long-term decreases in net farm 
income of approximately $5 billion; the American 
Farm Bureau estimated $13 billion. For more 
information about ACES Agriculture programs see 
Sec. 788 – Supplemental Agriculture and Renewable 
Energy Incentive Programs (Waxman, Markley, & 
Peterson, 2009).
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State and Local Resources

WATER-USE EFFICIENCY: FIGHTING 
SCARCITY

 A one-hour drive through any area of California’s 
central valley (along Interstate-5 and CA-99), and 
even parts of its southern coasts (CA-101), is more 
than enough time for a driver to have read one 
particular sign a half-dozen times. “Food grows 
where water fl ows!” Th is household phrase is known 
all too well by California’s agriculture community.

When good old-fashion farming practices begin to 
degrade and over-consume natural-level amounts of 
soil resources, the ability of “near-future generations” 
to provide for “next-future generations” decreases. 
Th e accessibility of freshwater has served as the 
defi ning variable to the development of modern-day 
agriculture and prosperity of human civilizations. 
However, water-use mismanagement is becoming the 
major factor to water scarcity, declining agricultural 
production, and rising costs to the agriculture 
industry. “In many developing nations, irrigation 
accounts for over 90 percent of water withdrawn 
from available sources for use. In England, where 
rain is abundant year round, agriculture water use 
accounts for less than 1 percent of human usage. Yet 
even on the same continent, water used for irrigation 
in Spain, Portugal, and Greece exceeds 70 percent of 
total usage” (Griffi  ths & Zabey, 2009).

During the past 15 years, California has undergone 
extensive water storages, with Florida, Arizona, and 
Texas representing areas of growing water crises 
concern. To make situations worse, water transfer 
systems have been established, allowing ineffi  cient 

and water intensive crop production to expand to 
very arid regions. In drought years, limited surface 
water supplies have drained groundwater bone-
dry, resulting in the salinization of groundwater 
and, in the worst cases, the permanent collapse of 
ground aquifers. Areas of California have undergone 
drought periods lasting up to 50 years. All four states 
and surrounding regions have found it necessary to 
install desalination plants in response to growing 
water shortage concerns.

State and community programs that incentivize 
the sustainable use of water in agriculture 
practices, technologies and techniques that 
address improvements to water conservation, 
quality and storage measures (i.e. reduced-volume 
irrigation systems and desalination plants), and 
the management of crops to reduce water loss 
and maximize effi  ciency (i.e. crop rotation and 
drought-tolerant crop species selection), are 
essential in combating water crises, to maintain 
enough freshwater for the world’s rapidly growing 
population. Th e information presented below 
serves as a starting point for farmers and ranchers to 
increase effi  ciency and conserve water.

INCREASING WATER QUALITY AND REDUCING 
POLLUTION

According to the EPA’s estimates, agriculture accounts 
for more than 6 percent of all GHG pollution in the 
U.S. Nitrous oxide is the most signifi cant greenhouse 
gas emitted through agricultural production. 
Agricultural soil management activities account 
for 78 percent of nitrous oxide emissions, most of 
which result from the over-consumption of nitrogen 



11

fertilizers to cropland, which in turn causes water 
pollution. “Currently, U.S. farmers apply about 20 
to 30 percent more nitrogen fertilizer than needed. 
Scientists further estimate that reducing nitrogen 
fertilizer use would reduce downstream water 
pollution by more than 20 to 30 percent” (Aylward, 
et. al., 2005).

Th e Clean Water Act requires that individual states be 
held responsible for controlling agricultural nonpoint 
source pollution. To meet their responsibilities, 
the states have typically developed education and 
technical assistance programs that promote the 
adoption of less polluting practices. However, 
“because profi tability drives production decisions, 
these programs tend to be most successful when they 
promote inexpensive changes in existing practices” 
(Feather & Cooper, 1995), as oppose to responsible 
and sustainable water management for the benefi t of 
maintaining water quality or reducing water pollution. 
Both inexpensive and highly favored practices that 
reduce water pollution involve fertilizer and nutrient 
management. Inexpensive because fertilizer and 
nutrient best management practices (BMPs) can 
cost nothing! Highly favored because, the BMPs 
have bonus benefi ts of reduced labor, reduced energy 
consumption, reduced water usage, and the associated 
fi nancial savings from all of the above.

Highlighted below are two inexpensive and highly 
favored fertilizer and nutrient BMPs. Supported by 
the USDA’s Water Quality Program, Education-
Technical-Financial Assistance (ET&FA) eff ort, 
manure and legume crediting can help to increase 
water quality and reduce water pollution.

• Manure crediting – commercial fertilizer 
applications are made AFTER considering 

the amount of nutrients provided by manure 
applications (Figure 10).

Figure 10: Manure, used as organic fertilizer to return to nitrogen and other 
essential nutrients to the soil, should be applied before adding commercial, or 
inorganic, fertilizers to your croplands. (Photo credit: http://en.wikipedia.org/
wiki/File:Hestem%C3%B8j.jpg)

• Legume crediting – commercial fertilizer 
applications are made AFTER considering the 
amount of nutrients provided by legume crops 
(Figure 11).

Figure 11: Legume, most notable for their ability to restore soil nitrogen from 
atmospheric nitrogen from atmospheric nitrogen, should be utilized with a 
“crop rotation plan” instead of using commercial nitrogen fertilizers. (Photo 
credit: http://en.wikipedia.org/wiki/File:Doperwt_rijserwt_peulen_Pisum_
sativum.jpg)
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When it comes to developing effi  cient nutrient 
management plans, making the case in favor 
for manure and legume crediting, it all comes 
down to cost savings. As fossil fuel prices (natural 
gas in particular) rise, so do the purchase costs 
of commercial fertilizers. “Livestock manure 
applications, planting of nitrogen-rich crops such as 
soybean (legume crops), and more serious soil testing 
practices can help alleviate reliance on commercial 
fertilizers” (Grimes & Tack, 2004), and in so doing 
help to reduce water pollution from commercial 
fertilizer chemical leaching. Additionally, improved 
agricultural soil and manure management can reduce 
GHG pollution.

MANAGING WATER EFFICIENTLY

Agriculture is a major user of ground and surface 
water in the U.S., representing approximately 
85 percent of the country’s freshwater use (Aylward, 
et. al., 2005). Water use effi  ciency measures, such 
as smart irrigation scheduling, advanced irrigation 
management, and effi  cient irrigation technology 
have the potential to vastly improve water use 
effi  ciency. Switching from fl ood irrigation to drip 
irrigation, for instance, is estimated to increase 
water use effi  ciency by as much as 40 percent. Even 
small management changes, such as irrigating land 
in the evening to reduce evaporative water loss, can 
bring a 10 to 15 percent improvement in water use 
effi  ciency.

When addressing effi  ciencies in irrigation 
systems, there exists added value in the accurate 
monitoring and measurement of water-use. Th e 
management of farm irrigation systems requires 
an understanding of weather and micro-climate 
systems and the interactions played between weather 

(i.e. temperature), soil, and water. Collection and 
dissemination of accurate data and information 
allows agriculture industry members to make the 
best decisions for their water-use. A variety of 
technologies exists that permit growers to obtain 
and use actual data on evaporation and transpiration 
rates on their lands to irrigate in such an effi  cient 
manner that only the water actually used by crops 
is replaced. Infi eld monitoring systems typically 
include the following measuring devices:

• Soil probes, measure soil moisture depth, 
temperature, and salinity.

• Plant moisture sensors, measure water pressure in 
plant cells.

• Weather stations (Figure 12), measure air 
temperature, humidity, wind speed, and rainfall.

• With internet connection capability, GPS 
guidance systems and software allowing farmers 
to easily collect, access, and interpret real-time 
measurements/data (Figures 13, 14, 15, and 16)

Figuer 12: On-farm weather station, usually situated on the center of a 
farmer’s croplands and placed on large plots of grass, are used in enhancing 
irrigation scheduling and providing real-time water-use data to farmers for 
eff ective and effi  cient water management. (Photo credit: http://ucanr.org/blogs/
venturacountyucce/blogfi les/2331.jpg)
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Figure 13: Water application rates can be pre-determined for automatic rate 
control on diff erent soil types. (Photo credit: http://www.farmscan.net.au/
default.aspx?MenuID=17)

Figure 14: Pivots can be programmed to automatically sut off  to avoid overlap 
and non-crop inclusions in the fi eld. (Photo credit: http://www.farmscan.net.
au/default.aspx?MenuID=17)

Figure 15: Low lying and boggy areas can be excluded from watering. (Photo 
credit: http://www.farmscan.net.au/default.aspx?MenuID=17)

Figure 16: Diff ering watering times and intensities for varying crops are 
automatically adjusted for. (Photo credit: http://www.farmscan.net.au/default.
aspx?MenuID=17)

CASE STUDY: SMART IRRIGATION SCHEDULING AT 
ROGERS’ ALMOND RANCH

A 176-acre almond in Madera County, California has 
reduced water-use by an estimated 20 percent from 
smart irrigation. Th e ranch’s owners, Tom Rogers and 
his brother “see accurate water monitoring as central 
to their on-farm water management” (Christian-
Smith, 2010). A combination of soil moisture 
monitoring and weather information from on-site 
stations are helping them decide when and how much 
to irrigate.
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Soil probes at the almond ranch are measuring soil 
moisture at a surface depth of fi ve feet and take 
readings every 15 minutes. Th ese moisture readings 
are giving detailed pictures of how water is moving 
through the soil, and whether the almond tree roots 
are absorbing the water or not. Information on 
humidity, wind speed, rainfall, temperature above 
and below tree canopies is also collected from on-
fi eld weather stations. Coupled with the data from 
the soil moisture probes, information collected 
allows the Rogers to keep track of how much water 
needs to be pumped out to the fi elds, after water 
additions through precipitation and water loss 
through evaporation and transpiration. Benefi ts from 
smart irrigation scheduling on the farm are:

• Improved plant health
• Increased crop yields
• Reductions in water-use and the associated cost 

savings
• Frost protection

“Tree age and health, permeability of soils, and 
microclimates all aff ect tree’s water needs and mean 
that diff erent parts of orchards may have diff erent 
water needs. Tom’s soil moisture probes allow him to 
be attentive to the diff ering water needs of his trees 
of diff erent ages and trees of diff erent production 
levels. Tom also sees off -farm benefi ts, including 
his ability to show water offi  cials or the public that 
water used on his farm is being used carefully and 
put to benefi cial use.”

“OUTSIDE-THE-BOX” THINKING

 Of constant concern by the agriculture industry is 
the salinization and contamination of ground and 
surface waters by pesticides, nitrates, and selenium. 
Salinity is a rapidly growing problem wherever water 

of even relatively low salt content is used on shallow 
soils in arid regions and/or where the water table 
is near the root zone of crops (i.e. a meters depth 
of topsoil). Th e consequences of high soil salinity 
are restricted plant-growth, decreased crop yield, 
corrosion to irrigation and farming equipment, 
reduced water quality for human consumption, and 
heightened soil erosion. Short-term solutions include 
tile drainage, the use of salt-tolerant crops, low-
volume irrigation, and various other management 
techniques that minimize the eff ects of salts on 
crops. In the long-term, farmland can be retired 
from production, or undergo land-use change and 
crop rotations (as is done with the legume crops 
discussed earlier). Alternatively, technology also 
provides a solution.

CASE STUDY: SALT WATER CONVERSION 
TECHNOLOGY, WASTEWATER TO FRESHWATER

A possible solution to increasingly water-depressed 
areas of the U.S. involves a new technology that 
converts drainage water into fresh water for farm 
irrigation.

Th e Westlands Water District (WWD), the largest 
agricultural water district in the country, is funding 
a pilot project involving the conversion of high 
salinity drainage water into fresh water for irrigation 
and the capturing of CO2 from the air. Th e captured 
CO2, processed with the drainage water waste salts 
to create clean chemicals, can then be incorporated 
into building materials, durable goods, fertilizers and 
other manufactured products, and fi nally sold to 
help subsidize the new plant’s costs (Figure 17).

“When fully deployed, the $3.2 million project 
will desalinate approximately 240,000 gallons of 
drainage water per day and convert approximately 
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fi ve tons of waste brine salts into carbon-neutral and 
carbon-negative chemicals such as acid, caustic soda 
and solid carbonates like limestone and soda ash. In 
addition, the project will trap approximately 2.8 tons 
of CO2 daily” (Zing PR, 2010). 

WWD is working with New Sky Energy and its 
joint venture partner Ag Water to build and deploy 
the water treatment plant.

Projected to break ground in mid-2010, the water 
treatment plant will provide fresh water for the 
more than 600,000 acres of farmland in western 
Fresno and Kings Counties, eliminate drainage water 
pollution, and eliminate soil salinization.

Figure 17: New Sky Energy’s Saltwater/wastewater conversion technology. 
(Photo credit: http://www.newskyenergy.com/Technology.html)

U.S. cities, particularly those in the arid southwest, 
continue to struggle to fi nd fresh water. At the same 
time, these cities are on the front lines for feeling the 
impacts of anthropogenic climate change on soil and 
water quality, and freshwater resources, (i.e. extreme 
climate temperatures, fl oods, and droughts). Water 
pollution prevention strategies and use effi  ciency 
measures taken on through fertilizer management, 

crop selection, and technological innovations should 
be implemented by agriculture industry members, 
fi nancially benefi tting, saving both water and energy, 
and evading GHG pollution.

ENERGY EFFICIENCY: THE LOW HANGING 
FRUIT

Modern agriculture is heavily dependent on fossil 
fuel-based energy sources, in particular gasoline, 
propane, natural gas, and other petro-derivatives. 
Th e continued use of these energy sources cannot 
be sustained indefi nitely, however to abruptly 
abandon our reliance on them would result in large 
fi nancial burdens fallen on agriculture industry 
members. Controversial still, shortages and price 
hikes in energy supply would be equally detrimental. 
Adoption of sustainable agricultural systems and 
technologies reduce dependence on fossil fuel-
based energy sources; and investment in onsite-
generation of renewable energy sources or labor, 
are all economically viable options. Th e following 
government programs emphasize the economical 
attractiveness and accessibility of energy effi  ciency 
and renewable energy applications for agriculture.

IDAHO’S ENERGY EFFICIENCY LOAN ASSISTANCE 
PROGRAMS AND UTILITY REBATES

 Providing up to $100,000 in loan assistance to 
the agricultural sector, the Idaho Offi  ce of Energy 
Resources administers a low-interest (four percent) 
loan program for energy effi  ciency retrofi t projects, 
and for active solar, wind, geothermal, hydropower 
and biomass energy projects (Hoebelheinrich, 2009). 
For energy effi  ciency retrofi t projects, Figures 18 
and 19 display project eligibility requirements and 
agricultural equipment eligible for loan fi nancing.
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Figure 18: Program eligibility requirements. (Photo credit: http://www.energy.
idaho.gov/fi nancialassistance/d/ag_criteria.pdf )

Figure 19: Eligible equipment to be fi nanced. (Photo credit: http://www.energy.
idaho.gov/fi nancialassistance/d/ag_guidelines.pdf )

Additionally, Idaho’s state energy utility providers 
distribute cash incentives for agriculture-related 
energy effi  ciency projects.

CASE STUDY: EFFICIENT IRRIGATION, IDAHO POWER 
PROVIDES CASH INCENTIVES

“Idaho Power’s Irrigation Effi  ciency Rewards 
program encourages energy effi  cient equipment 
and design in agricultural irrigation systems. It is an 
opportunity for Idaho Power agricultural irrigation 
customers to receive a fi nancial incentive and lower 
their electric bills” (Figure 20) (Idaho Power, 2010).

Agricultural customer Jay Brown has taken 
advantage of Idaho Power’s fi nancial incentives 

through the upgrading of his deep-well irrigation 
system to:

• Reduce system energy usage
• Increase irrigated acreage
• Improve irrigation uniformity

By installing an energy-effi  cient, low-pressure center 
pivot, Brown’s system upgrades awarded him $0.25 
per kWh saved. Ultimately, Brown benefi ted from:

• An increase in irrigated land by 24 acres, 
resulting in an increased crop yield

• An 81.4-kW (100-hp) reduction, a 37 percent 
energy demand reduction

• An estimated 152,493 kWh reduction, 
(~45.4 percent energy reduction)

• Financial incentives that paid for nearly 
32 percent of the total cost to make the upgrades

• An estimated $9,500 in annual energy savings
• A reduction in labor costs

Figure 20: Energy effi  cient irrigation systems. (Photo credit: Idaho Power, 2010).

KENTUCKY’S ENERGY EFFICIENCY AND 
PRODUCTION INCENTIVES

Utilizing funding from the American Recovery and 
Reinvestment Act (ARRA) State Energy Program 
(SEP), the Offi  ce of Agricultural Policy (OAP) 
developed the On-farm Energy Effi  ciency & 
Production Incentives program (State of Kentucky, 
2010). In addition, funding is available for biomass 
energy crop production and equipment for on-farm 
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energy production (excluding internal-combustion 
engines). Approved projects can receive up to 
25 percent of project costs, limited to $10,000 per 
project.

Applications are judged by the following criteria, and 
eligible technologies are listed in Figure 21:

• Farm energy use
• Farmer’s method for evaluating the need for the 

energy effi  ciency project
• Payback period (return on investment)
• Ability to harness energy
• Use of professional services for the project
• Farmer’s overall reliance on farming for his/her 

livelihood

Figure 21: Eligible Equipment and Equipment 
Requirements

Eligible effi  ciency 
technologies

Water heaters, lighti ng, lighti ng 
controls/sensors, furnaces, boilers, 
heat recovery, building insulati on, 
windows, doors, siding, roofs, motors, 
motor ASDs/VSDs, processing and 
manufacturing equipment, agricultural 
equipment, comprehensive measures/
whole building

Eligible 
renewable/other 
technologies

Solar water heat, biomass, anaerobic 
digesti on

Applicable sectors Agricultural

Amount 26% of project costs

Maximum 
incenti ve

$10,000

Equipment 
requirements

All equipment must be used on or for 
the farm. 

Windows; doors; skylights; roofi ng; 
lighti ng must be Energy Star rated; 
tankless, solar, or water heater must 
have thermal effi  ciency of at least 
30%; waste oil or biomass fi red 
boilers; Hydronic furnaces, heaters, 
and stoves must be EPA-approved.

Source: State of Kentucky, 2010

MARYLAND’S ENERGY CONSERVATION REBATES 
FOR FARMS

Th e State of Maryland off ers rebates for the purchase 
and installation of certain types of energy effi  cient 
equipment to agricultural producers (Conant, 2009). 
Eligible projects and equipment range from the most 
popular and cost eff ective measures like lighting and 
HVAC retrofi ts, to motors, agricultural equipment 
and custom energy-savings improvements. Rebate 
payouts are estimated by the amount of energy a 
project is expected to save, set at $0.06 per kilowatt-
hour (kWh) for lighting upgrades, $0.08 per kWh 
for other electricity saving measures, and $1.50 per 
gallon of propane. Rebates are limited to 50 percent 
of the total installed cost of any project or new 
equipment.

In addition to rebates, the program also off ers farm 
energy audits to the state’s agricultural community. 
Energy audits are priced at $300, but the money 
will be refunded if the applicant implements one or 
more of the recommendations contained in the audit 
report. Th e energy audits are highly encouraged, 
even before applying for rebates, to help farmers 
and ranchers identify cost-eff ective opportunities for 
energy savings.

Th e program will last until the fi nal application 
deadline of April 1, 2012, or until funding is 
exhausted. Awards will be made on a fi rst-come, 
fi rst-served basis subject to funding limitations 
(MEA, 2009).

CASE STUDY: ENERGY SAVINGS THROUGH 
VENTILATION, MOTOR, LIGHTING UPGRADES, AND 
VARIABLE SPEED DRIVES

In 2007, Palmyra Farm, a 30-year-old dairy 
operation, hired EnSave, Inc. to complete an energy 
audit as part of the state of Maryland’s Farm Energy 
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Audit Program (FEAP). Owner Ralph Shank was 
interested in fi nding ways to reduce energy use and 
save money through sustainability initiatives at the 
2.7 million pounds of milk per year-producing 
dairy farm. Having already made energy reductions 
and cut utility costs by installing high-effi  ciency 
compressors, Shank wanted EnSave’s energy audit to 
recommend additional aff ordable energy effi  ciency 
upgrades. Adding a variable speed driven milking 
vacuum pump, installing a new motor for the 
vacuum pump, replacing old ventilation fans with 
high-effi  ciency fans on timers and retrofi tting old 
lighting fi xtures from T-12 fl uorescents to T-8 and 
T-5 fl uorescents, Palmyra Farm reduced energy 
consumption by an estimated 18,000 kWh, annually 
(U.S. Dairy Sustainability Commitment, 2009). Key 
benefi ts from all energy audit recommendations:

• Energy savings – $1,670 per year in energy cost 
savings, and cash incentives of $0.06 per kWh 
saved, to a limit of $1,200.

• Payback – A complete payback is estimated 
within 6.8 years.

• Greenhouse gas (GHG) reduction – Annual 
CO2 emission reductions of 29,380 lbs, 
estimated from anticipated energy savings.

• Quieter, brighter work environment – Fans 
and variable speed driven equipment reduced 
noise levels in the barns and milking parlor, and 
new lights made feeding areas overall a more 
comfortable work environment.

OREGON’S INDUSTRIAL PRODUCTION EFFICIENCY 
PROGRAM

Th e Energy Trust of Oregon’s Industrial Production 
Effi  ciency Program includes a rebate program made 
available to industrial customers of Portland General 

Electric, Pacifi c Power, NW Natural, or Cascade 
Natural Gas (Energy Trust, 2009). Customers 
contributing to the state’s “Public Purpose Charge” 
are provided technical assistance and cash incentives 
for industrial processes of all kinds (agriculture 
included). For the agriculture industry, cash 
incentivized projects include energy effi  cient lighting 
and lighting controls, high-effi  ciency motors, heat 
pumps, variable speed drives, high-effi  ciency HVAC 
equipment, insulation, compressed air systems, and 
high effi  ciency irrigation systems and equipment. 
Cash incentives are also available for renewable 
energy investments in biopower, solar electric, solar 
water heating, small scale and commercial wind, 
geothermal electricity, and hydroelectric power. 
“Steps for reserving incentive funds for projects 
vary depending on the type and magnitude of the 
project” (DSIRE, 2009).

“We provide cash incentives to help off set the 
costs of energy-effi  ciency upgrades to buildings 
and equipment for dairies, nurseries, commercial 
farms and other agricultural businesses. We also 
off er technical assistance and cash incentives for 
harnessing renewable energy resources on your 
property, including biopower, solar electric and solar 
water heating, geothermal energy and wind power” 
(Energy Trust, 2010).

Figure 22 on the following page illustrates Energy 
Trust of Oregon’s step-by-step procedures for 
considering investments in small-scale wind energy 
generation.



19

Figure 22: Eligible equipment and equipment requirements. (Photo credit: 
http://energytrust.org/business/incentives/Agriculture/production-effi  ciency/
WindSmallScale/WindSmallScale3/)

CASE STUDY: BERNARD FARMS INVESTS IN 
RENEWABLE ENERGY, AND SAVES!

“When farmers Chris and Mike Bernards registered 
to attend the January 2008 Harvesting Clean Energy 
Conference in Portland, they expected to learn how 
a solar electric system could cut energy costs” (2008, 
Energy Trust of Oregon). Instead, wind power was 
the answer.

Today at the Bernards’ 100-acre oat farm, a 
10-kilowatt wind turbine mounted on a 120-foot 
tower generates 25 percent of the farm’s electricity 
needs. Partly funded from Energy Trust of Oregon’s 
renewable energy incentive program and Oregon 
state energy tax credits, the wind project is estimated 
to generate 15,600 kWh annually.

• Project goals – reduce electricity costs, utilize 
on-site clean and renewable energy, lessen carbon 
footprint, reduce dependence on fossil fuels.

• Project benefi ts – estimated annual generation of 
15,600 kWh (assuming at least 10.13 mph wind 
speeds); $1,248 annual electricity cost savings; 
carbon footprint reduction of almost 18,000 lbs 
annually.

Figure 23: Bernard’s Farm, 10kW turbine, 120-foot guyed monopole tower. 
(Photo credit: http://energytrust.org/library/case-studies/BernardsFarm_
CS_0810.pdf )
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VERMONT’S BUSINESS ENERGY CONSERVATION 
LOAN PROGRAM

A collaborative eff ort between Effi  ciency Vermont 
and the Vermont Economic Development 
Authority (VEDA), the Vermont Business Energy 
Conservation Loan Program (Roberts, 2009) 
provides businesses involved in manufacturing, 
hospitality, services, farms, and retail, with funding 
assistance for projects that improve the energy 
effi  ciency of their buildings. Loan amounts range 
from $5,000 to limits of $150,000. Interest rates 
for the fi rst three years will be set at Prime Rate as 
published by the Wall Street Journal, minus three 
present, adjusted accordingly with a fl oor rate of 
two percent, and fi xed thereafter. “Eligible projects 
include upgrades and retrofi ts to a building’s thermal 
envelope, power, heating, ventilation and cooling 
systems, lighting, and energy effi  ciency HVAC 
equipment” (VEDA, 2009). Additionally, businesses 
that conduct energy audits are eligible for loans on 
project installation equipment. Part of the programs 
application process is a cost-eff ectiveness analysis 
for each proposed project, conducted by Effi  ciency 
Vermont. Interested parties are guided through 
the application process using the VEDA’s online 
application login system (Figure 24).

Figure 24: VEDA home page. (Photo credit: http://www.veda.org/energy/)

WISCONSIN’S COMMERCIAL/INDUSTRIAL EFFI-
CIENCY INCENTIVES

Focus on Energy (DSIRE, 2009), an organization of 
Wisconsin, is off ering fi nancial incentives to eligible 
business customers who install cost eff ective energy 
effi  ciency and renewable energy equipment. Aside 
from both prescriptive (existing building retrofi ts) 
and custom incentives, the program off ers “bonus” 
incentives for certain technologies and energy 
effi  ciency improvements. Eligibility is limited to 
customers of the state’s participating electricity or gas 
utility districts. For prescriptive incentives, the list 
below highlights eligible equipment:

• Dairy and Livestock: Ventilation fans, water 
heaters, and hot water storage vessels.

• Compressed Air System Audit and Leak Survey 
Incentive: Audits, leak surveys, air compressors 
equipped with variable speed drives.

• Commercial Refrigeration: Various types of 
related equipment, including fan motors, heater 
controls, LED lighting, occupancy sensors, and 
climate controls.

• HVAC: Boilers, furnaces, heat pumps, equipment 
controls, energy recovery ventilators, chillers, and 
certain equipment service buy-downs.

• Greenhouse Incentives: Qualifying automatic 
climate controls, poly-fi lm, fans and other 
equipment.

• Lighting Incentives: Qualifying lighting fi xtures, 
lamps, occupancy sensors, etc.

• Motors and VFD Incentives: three-phase effi  cient 
electric motors and qualifying variable frequency 
drives.

• Specialty Measure Incentives: Specifi c measures 
such as guest room energy management controls, 
PC control software, vending machines, and 
certain water heaters.
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For custom incentives, applicants are required to 
work with a “Focus on Energy adviser” to obtain 
pre-approval for projects prior to purchasing and 
installing the equipment. All equipment must be new, 
and existing equipment must be decommissioned. 
“Projects with less than a one-and-a-half-year payback 
are not eligible, and projects with payback of 10 years 
or longer may be subject to case-by-case eligibility 
determinations.” For custom incentives:

• FOE Tier 1: technologies and projects: $0.04/
kWh and $125/peak kW, $0.40/therm

• FOE Tier 2: $0.06/kWh and $200/peak kW, 
$0.60/therm

“Custom incentives are limited to $350,000 per 
project, and may cover no more than 30% of the 
project costs. Overall, an individual customer 
is limited to $750,000 in incentives during any 
program year” (FOE, 2010).

CASE STUDY: TROPICAL GARDENS INSTALLS THERMAL 
ENERGY CURTAINS IN GREENHOUSES

Th e average annual heating costs of a greenhouse can 
be as much as 10 to 30 percent of total operating 
expenses. During winter months heating costs can 
soar much higher. ‘John Keck and Richard Barnes, 
co-owners of Tropical Gardens, a greenhouse located 
in Mosinee, Wisconsin, know how much it costs 
to heat their facility, “We spent over $40,000 on 
natural gas in 2004,” Barnes said’ (Wisconsin FOE, 
2008).

With an estimated 70,000 square feet of space, 
Tropical Gardens uses 45,000 therms annually to 
power the natural gas-fi red heaters that maintain 
the greenhouses’ tropical temperatures. After a 
free energy audit (provided by Focus on Energy’s 
Agriculture and Rural Business Program) identifi ed 

a number of energy saving recommendation, 
Tropical Gardens installed thermal energy curtains to 
provide insulation by reducing heat loss through the 
greenhouse glazing (windows) (Figure 25).

It is estimated that “up to 85 percent of heat loss 
from a greenhouse occurs at night, and that a single 
pane glass-glazed greenhouse requires 80 percent 
of its energy use at night to heat the greenhouse 
space”. Tropical Gardens’ installed energy curtains 
are estimated to save over 7,100 therms, or $6,700 
annually. An incentive from Focus on Energy, plus 
a USDA grant, has helped off set the costs to install 
Tropical Gardens’ energy curtains.

Figure 25: Energy curtains can provide diff erent levels of shading. Shading and 
heat loss can also be controlled by only partially deploying the energy curtain 
during the day. Th e energy curtain can be used in the summer for shade, 
helping keep greenhouses cooler during the day. (Photo credit: http://www.
focusonenergy.com/fi les/Document_Management_System/Business_Programs/
tropicalgardensgreenhouse_casestudy.prf )

THE WATER-ENERGY CONNECTION

Providing households with safe drinking water and 
wastewater disposal services is an energy-intensive 
process. “Nationwide, about 4 percent of power 
generation is used for water supply and treatment, but 
in certain parts of the United States the number is far 
higher” (U.S. DOE, 2006). For example, California’s 
water sector is the largest energy consumer in the 
state, estimated to account for 19 percent of total 
electricity consumption. Th erefore, reducing water 
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consumption does not only cut costs to consumers, 
but saves energy because less water needs to be 
treated and pumped to end users. Th at also means 
less freshwater is being polluted and GHG emissions 
are reduced. “Moreover, when energy use is reduced, 
water is saved because less is needed in the operation 
of power plants. Some thermoelectric power plants, 
for example, use 136 billion gallons of freshwater 
a day, which translates into 25 gallons of water to 
produce each kilowatt-hour of electricity.” When 
considering whether or not to institute a BMP, install 
new technologies, or retrofi t existing systems, that 
involve water use or energy consumption, remember 
that they’re interconnected. A benefi t to one is a 
benefi t to both…and your wallet. Figures 26 and 27 
illustrate how water-use and energy production are 
connected.

Figure 26: Water and energy are used jointly, in their supply and demand 
processes. (Photo credit: http://www.rivernetwork.org/rn/system/fi les/water-
energy+nexus.JPG)

Figure 27: Global hydrologic cycle, shows how energy and water resource 
management can play a signifi cant role in GHG emission and environmental 
pollution management. (Photo credit: https://www.llnl.gov/str/JulAug04/gifs/
Newmark1.jpg)
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Agricultural Research Programs, 
Grants, and Incenti ves

NATIONAL INSTITUTE OF FOOD AND 
AGRICULTURE, RESEARCH AND EDUCATION 
INITIATIVES

Since 1988, the USDA’s National Institute of 
Food and Agriculture (NIFA) has supported the 
Sustainable Agriculture Research and Education 
(SARE) program, providing nationwide research 
and education grants assessing the profi tability and 
environmentally soundness of sustainable agriculture. 
As a competitive grant program, SARE serves as a 
valuable resource to Federal agencies, State agricultural 
experiment stations, national laboratories, colleges and 
universities, university research foundations, private 
organizations or corporations, individuals, and every 
other spectrum of the U.S. agriculture community. 
Th e awarded grants address priorities of U.S. 
agriculture in the following areas:

• Plant health and production and plant products
• Animal health and production and animal 

products
• Food safety, nutrition, and health
• Renewable energy, natural resources, and 

environment
• Agriculture systems and technology
• Agriculture economics and rural communities

For fi scal years 2008-12, the NIFA programs 
received $700 million in grant funding. “Funds 
will be available for obligation for a two-year period 
beginning in the fi scal year for which funds are fi rst 
made available. Grants will be awarded on the basis 
of merit, quality, and relevance and may have terms 
of up to 10 years” (NIFA, 2009).

For more information on SARE and the USDA’s two 
other sustainable agriculture programs see below:

1. Sustainable Agriculture Research and 
Education (SARE)
www.sare.org; ph #: (301) 405-2689; e-mail: 
coordinator@sare.org

Provides grant opportunities; maintains diverse 
portfolio of research projects; synthesizes research 
results and on-farm experiences to develop books, 
introductory bulletins, and educator guides. Program 
focus:

• Organic Agriculture
• Community Based Agriculture
• Sustainable Agriculture

2. Alternative Farming Systems Information 
Center (AFSIC)
www.nal.usda.gov/afsic; ph #: (301) 504-6559; 
e-mail: afsic@nal.usda.gov

Collects, organizes and distributes information 
on alternative agriculture and provides high-level 
searching and reference services from the National 
Agricultural Library’s vast collection and world-wide 
databases. Program focus:

• Educator guides
• On-farm research
• Farm success stories
• Soil & pest management
• Alternative marketing strategies
• Alternative livestock production
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3. Appropriate Technology Transfer for Rural 
Areas (ATTRA)
http://attra.ncat.org; ph#: (800) 346-9140 

National sustainable agriculture information service 
answers questions about specifi c farming practices 
and innovative marketing approaches, including 
organic production. Program focus:

• 200+ free publications on farming and marketing
• Website with daily brief updates
• Specialized responses to sustainable agriculture 

questions
• Toll-free phone service in English (800) 346-9140 

and Spanish (800) 411-3222
• Speakers for workshops and conferences
• Free bi-monthly newsletter and weekly 

e-newsletter

UNIVERSITY OF CALIFORNIA, AGRICULTURE 
AND NATURAL RESOURCES, RESEARCH AND 
EXTENSION CENTERS – A SUSTAINABILITY 
MOVEMENT

Land-grant universities are U.S. institutions of higher 
education designated by each state to receive the 
benefi ts of the Morrill Acts. Th e mission of these 
institutions is to focus on the research and education 
of agriculture, science and engineering as a response 
to the industrial revolution and changing social class 
(NIFA, 2009). Th e land-grant universities of the 
University of California school system are targeting 
sustainability initiatives to cut wasteful budget 
expenses in the areas of energy and water utility costs.

Operated by the University of California, Agriculture 
and Natural Resources (ANR), the Research and 
Extension Center (REC) System (consisting of nine 
centers located throughout the state) has started 
“greening” their facilities to cut costs and reduce 
GHG emissions. Used by more than 170 University 

researchers and educators, but operated by as few as 
a one-dozen farm-technicians (equipment operators, 
offi  ce personnel and administration) per REC, 
the individual RECs are implementing projects to 
decrease energy consumption and water usage over 
12,000 acres of agricultural land and 450,000 square 
feet of agricultural building fl oor space (Frost, 2010).

Each individual REC’s numerous sustainability 
projects are being funded by the “University 
of California (UC), California State University 
(CSU), and Investor-Owned Utility (IOU) Energy 
Effi  ciency Partnership”. Established in 2004 (and 
consecutively renewed every 2 years since), the 
UC/CSU/IOU Partnership is a statewide energy 
effi  ciency program (EEPP) “achieving cost-
eff ective immediate and persistent peak energy 
and demand savings. Moreover, it establishes a 
permanent framework for a sustainable, long-term, 
comprehensive energy management program at the 
thirty three (33) UC and CSU campuses served by 
California’s four large IOUs (PG&E, SDG&E, SCE 
and SoCalGas)” (DeLapp, 2007). To be eligible 
for funding, projects must align with the overall 
programs key strategies:

• Energy effi  ciency retrofi ts
• Monitoring-based commissioning (MBCx)
• Emerging technology demonstrations
• Training and education

“Th e Partnership capitalizes on the vast resources 
and expertise of UC, CSU and California’s IOUs. 
It is funded by California’s investor-owned utility 
customers through Public Goods Charges (PGC), 
and administered by the utility companies under 
the auspices of the California Public Utilities 
Commission.” Since 2007, the REC system has 
benefi tted from more than $75,000 dollars in EEPP 
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grant funding, an annual 287,000 kWh reduction, 
annual ongoing utility savings at $0.15/kWh, and 
more than $43,000 in operational cost-savings to-date.

Case Study: Saving Money from Building and 
Agriculture Facility Upgrades

Old, ineffi  cient, and out-dated buildings are energy-
demanding structures, and their signifi cant roles 
in agriculture are carrying heavy budgetary weight 
during every growing season. Th e following projects, 
taken on by the REC system, are serving as guiding 
lights to cutting high utility costs for those with large 
agriculture facilities.

Replace HVAC Systems in Enclosed Buildings 
and Greenhouses – From an initial investment 
of $22,000, Kearney REC, retrofi tted 45-year old 
wall radiators with high effi  ciency heat pumps 
throughout all brick-n-mortar buildings; retrofi tted 
aging greenhouse equipment with high effi  ciency 
heaters, ventilators, curtain sprayers, and plant 
support systems (Figure 28). Installation of 
thermostats to eff ectively and effi  ciently manage the 
buildings HVAC systems are a key component to 
building energy management (Figure 29).

Figure 28: HVAC systems. (Photo credit: Ray, 2010)

Figure 29: Th ermostat settings, percentages with a plus symbol (+) add cost, 
fi gures with a minus symbol (-) save you money. (Photo credit: http://www.
fi rstchoicepower.com/save-green/appliance-energy/energy-savings-thermostat.
html)

Replace Interior Facility Lighting Fixtures – 
Replacing facility lighting fi xtures are considered 
to be the most cost-eff ective energy effi  ciency 
measures to take on. Upfront lighting project costs 
are generally recovered within 12 to 18 months after 
project completion. Th e REC system has been pro-
actively replacing T-12 fl uorescent lighting fi xtures 
that utilize older magnetic ballasts, with new low 
wattage T-8 lamps and high effi  ciency, electronic 
ballasts (Figure 30).

Figure 30: Interior lighting fi xtures. (Photo credit: Ray, 2010)
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Replace Exterior and Farmland Lighting Fixtures 
– Bright, buzzing, and running in the early morning 
and late into the night, exterior lighting fi xtures used 
in agriculture on farmlands demand large amounts 
of energy. Th e REC system has began converting 
ineffi  cient exterior mercury vapor lighting fi xtures 
to lower wattage metal halide fi xtures and installing 
timers to limit exterior fi xtures operating hours. Of 
completed projects, 80% of the project cost has been 
covered by EEPP grant funding (Figure 31).

Figure 31: Exterior lighting fi xtures. (Photo credit: Ray, 2010)

Replace Refrigerator, Evaporator-fan, and 
Pump Systems – Storing crops for drying and 
refrigeration, creating microclimates for specialized 
crop growth, and pumping water for irrigation are 
all energy intensive processes. To reduce energy 
consumption in all areas of agricultural management 
the REC system is retrofi tting mechanical pumps 
for high effi  ciency, modifying electrical controls for 
evaporator fans in cold storage rooms, and replacing 
their refrigeration systems’ old single compressor 
condensing units with multi-staged/compressor 
condensing units (Figure 32). 

Figure 32: Refrigerator, evaporator-fan, and pump systems. (Photo credit: Ray, 
2010)

LEONARDO ACADEMY – SUSTAINABLE 
AGRICULTURE STANDARD

Leonardo Academy is “a charitable nonprofi t 
organization, dedicated to advancing sustainability 
by leveraging innovative tools and information 
to motivate the competitive market” (Leonardo 
Academy, 2009).

Leonardo Academy is providing administration 
assistance in the development of a national standard 
for sustainable agriculture, under the rules of the 
American National Standards Institute (ANSI).

“Th e objective of the sustainable agriculture 
standard-setting initiative is to establish a 
comprehensive, continuous improvement framework 
and common set of economic, environmental and 
social metrics by which to determine whether an 
agricultural crop has been produced and handled in 
a sustainable manner” (Leonardo Academy, 2010).

“A national standard for sustainable agriculture 
has the potential to address a range of stakeholder 
needs, including supporting producer eff orts to 
adopt sustainable production practices, establishing 
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a framework for continuous improvement along 
the agricultural supply chain, providing a means of 
clear communication of sustainability achievements 
and harmonizing the myriad sustainable agriculture 
standards that are currently in place or in 
development.”
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Additi onal Case Studies and 
Success Stories

NY NURSERY ADDS WIND ENERGY

Th e Half Hollow Nursery, in Long Island, has 
installed a 100-kW horizontal wind turbine to off set 
some of its energy consumption, reports North 
American Wind Power (NAWP). Th e 12-foot-tall 
turbine sitting on a 1,200-acre nursery operation is 
considered the largest wind turbine yet installed on 
Long Island. Th e turbine cost Half Hollow about 
$500,000, approximately $127,000 of which will be 
rebated by the Long Island Power Authority (LIPA). 
Expected to generate about 157,000 kWh/yr of 
energy, the turbine will help the nursery save about 
$30,000 annually in energy costs, used to run water 
pumps, lighting and heating. “With wind turbine 
prices falling and government incentives rising, more 
businesses should be able to adopt wind power in the 
coming year,” reports the American Wind Energy 
Association (AWEA). In identifying top wind trends 
for 2010, the AWEA notes that the 30 percent 
federal investment tax credit on small wind systems 
has been expanded for eight years (Anonymous, 
2010).

VERDEGAAL BROS. OFFSETS 99% OF 
ENERGY BILL WITH SOLAR

Verdegall Bros Inc., in California, installed a new 
fi xed-mount solar system that is projected to save 
the agricultural company about $60,000 in annual 
energy costs. Th e new 188-kW system was made 
possible with more than $350,000 in tax incentives, 
cash rebates and an unexpected “accelerated market 
depreciation”. System installer Conergy used First 
Solar thin fi lm solar devices, designed to perform 
well in hot, dusty areas similar to California’s central 

valley landscapes. “Th e solar system will off set 
Verdegaal Bros.’ utility bills by 99 percent while 
meeting 82 percent of the company’s energy needs!” 
Positioned over one-acre of land, the system is 
estimated to reduce carbon emissions by 6,145 tons 
over its 25-year life (Anonymous, 2009).

DAIRY FARM TIES INTO GRID WITH 
METHANE PLANT

In a partnership with Green Mountain Power, 
Westminster Dairy Farms built an on-site plant to 
convert methane into electricity. Th e $1 million 
project will provide 225 kW of energy, or enough 
electricity to power 250 homes, using methane 
gathered from the daily manure of 1,200 cattle. 
Additionally, the dairy farm will benefi t from 
$80,000 a year in energy savings. Funding for 
the project came from several diff erent entities: 
Westminster Farms invested nearly $700,000 in 
the project; the U.S. Department of Agriculture 
provided $358,993 in rural development grants 
and $348,268 in loan guarantees; the Vermont 
Clean Energy Development Fund provided 
$250,000; Green Mountain Power committed 
$175,000; the Vermont Department of Agriculture 
provided a $50,000 grant as well as $10,000 from 
the Renewable Energy for America Program; the 
Vermont Agricultural Credit Corporation (VACC), 
the agricultural fi nancing program of the Vermont 
Economic Development Authority (VEDA), 
approved $348,268 to support the methane digester 
portion of the project (Green Mountain Power 
Corporation, 2009).
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OREGON AGRICULTURAL FIRM ADOPTS BIOGAS 
GENERATION

A $10 million biogas plant at Stahlbush 
Island Farms, operating on fruit and vegetable 
waste in anaerobic mixing tanks, will generate 
enough electricity to supply the power needs of 
1,100 homes. After 14 months of construction, the 
biogas plant was powered on, using a co-generation 
system to produce both thermal and electrical 
energy. Incentives for the project came from Energy 
Trust of Oregon, along with the state of Oregon 
and federal funds. “For 25 years, the 5,000-acre 
Stahlbush Island Farms has engaged in sustainable 
farming and food processing” (Tracy, 2009).

SOLAR CUTS BARSOTTI JUICE’S POWER BILL 
IN HALF

Barsotti Juice Co. installation of solar arrays, with 
dual axis solar trackers, are reducing the juicer’s 
electricity bill by 50 percent. Th e solar installation 
was managed by Premier Power Renewable Energy 
Inc (Anonymous, 2009).

MINTURN NUT CO. GOES SOLAR 

California agricultural fi rm, Minturn Nut Co.’s 
installation of a solar system has added 403 kW in 
solar generating capacity to the roof of its warehouse. 
Th e system should generate more than 575,000 kWh 
of solar power annually, off setting 90 percent of the 
electricity for one of Minturn’s electricity meters. 
Installed by Cenergy Power, Minturn’s estimated 
return on investment is four years (Anonymous, 
2009).

GILL FARMS, FROM ONIONS TO ENERGY

Captured onion juice from Gill Farms’ 14-acre 
processing facility will be used to power a 600 kW 
fuel cell electricity generating system. Projected to 
cut $700,000 in energy costs from the company’s 
bottom line, Gills Onions estimates the $9.5 million 
system will pay for itself in about six years (with 
help from about $3 million in government and 
utility incentives). Th e system is estimated to 
eliminate 30,000 tons of CO2 emissions annually. 
Additionally, converting waste onion material 
to energy, through a fermentation process using 
bacteria purchased from an Anheuser-Busch brewery, 
will save up to $400,000 a year on disposal costs 
(Hsu, 2009).
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By no means is this paper an exhaustive list of 
federal, state, and local resources for sustainability 
initiatives in agriculture. Th ere exists a gold 
mine of development funding and fi nancing for 
sustainability-related initiatives, effi  ciency upgrades 
and retrofi ts, and clean and renewable energy 
generation projects for the agriculture industry. 
Th e former mentioned information is evidence 
that the agriculture industry members, who have 
utilized the highlighted incentive programs, have 
economically-benefi tted in the short-term and will 
continue to in the long-term. In addition to funding, 
new technologies that increase effi  ciencies and 
provide solutions to struggles within the industry 
are making their way to open markets daily. Some 
take-home messages from throughout this paper are 
summarized below:

• EQIP planning – Contact your state NRCS 
offi  ce and develop a plan based on your state’s 
conservation priorities, per plot of land.

• CSP project ideas – Plant vegetative buff er 
strips along waterways to fi lter water and reduce 
chemical fertilizer runoff .

• CREP enrollment – Enrollment of land that has 
decreased in fertility and productivity in recent 
years is highly favored.

• REAP availability – Funds are distributed 
very quickly, and the program is extremely 
competitive, so it’s important to submit your 
applications early within the program’s funding 
term.

• Water quality – Use manure and organic 
fertilizers to recharge the nutrients on your 

land, lessening water pollution from commercial 
chemical fertilizers and cutting your fertilizer 
expenses.

• Water-use effi  ciency – Install on-farm weather 
stations to help in managing your land’s 
irrigation systems.

• Energy effi  ciency – Replace light fi xtures, 
HVAC systems, and old farm equipment for 
high effi  ciency fi xtures, appliances, and motors. 
Retrofi t greenhouses with high-effi  ciency window 
tinting, heating and ventilation systems, and 
energy curtains. Install irrigation systems with 
high-effi  ciency pumps, coupled with measuring 
devices and management tools.

• Renewable energy – Wind power is the fastest 
growing renewable energy source because of 
huge amounts of federal, state, and private sector 
investments, grants, and subsidies. Install wind 
turbines on your farm land at little up-front costs 
and quick return on investments.

Th e number-one-take-home message: “Get in while 
it’s Hot!” Use the information presented above 
as a resource in assessing where your farmland, 
ranchland, and associated facilities can economically 
and environmentally benefi t.

Conclusion: How to Use this 
White Paper
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ANSI – Th e ANSI standard development requirements provide for an open, balanced and transparent 
standards-setting process that is internationally recognized.

Anthropogenic – derived from man-made activities.

Aquifer – underground layer of water mixed with gravel, sand, silt, and clay, from which groundwater can 
be welled.

Chesapeake Bay – the largest estuary in the U.S., was once known for its great seafood production but 
today has tens of thousands less acres of shellfi sh reefs and signifi cantly decreased fi sh populations due to 
water pollution unsustainable harvesting practices.

Crop shifting (or rotation) – agricultural lands are cultivated temporarily, and then abandoned or used to 
grow a completely diff erent crop, season after season.

CRP – provides technical and fi nancial assistance to eligible farmers and ranchers to address soil, water, and 
related natural resource concerns on their lands in an environmentally benefi cial and cost-eff ective manner.

Desalination plants – Systems designed to remove excess salt and other minerals from water, converting salt 
water to fresh water.

Enteric fermentation – methane produced from the digestive systems of livestock and ranged animals.

ERS – Economic Research Service, the primary source of economic research from the USDA. Th eir 
objective is to inform and enhance public and private decision-making on economic and policy issues related 
to agriculture, food, farming, natural resources, and rural development.

ET&FA – their goal is to identify and disseminate information about profi table and agronomically sound 
“best management practices” (BMP’s) that protect or enhance water quality.

Feed-in tariff s – a policy mechanism designed to encourage the adoption of renewable energy sources 
by individuals. FITs produce an obligation by electric grid utilities to purchase electricity generated from 
renewable sources from any and all individuals that generate it.

FOE Tier 1 – projects that involve proven technologies that do not quite fi t into the Focus prescriptive 
incentive off erings.

FOE Tier 2 – technologies/projects have either tougher customer economies (e.g. simple payback periods 
greater than three years) or where the technology or project has more perceived risk to a customer (e.g. newer 
technology to the market or Wisconsin).

Glossary
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FSA – part of the USDA, the farm service agency is primarily tasked with the implementation of farm 
conservation and regulation laws around the U.S.

Groundwater – water located beneath the ground surface in soil pore spaces and fractures.

Integrated RES – Systems that reduce conventional energy use and incorporate renewable energy use.

Microclimate – Th e climate of a small, specifi c place within an area, as contrasted with the climate of the 
entire area.

Morrill Acts – fund educational institutions by granting federally controlled land to the states for the 
states to develop or sell to raise funds to establish and endow “land grant” colleges. Th e mission of these 
institutions is to focus on the teaching of agriculture, science and engineering as a response to the industrial 
revolution and changing social class.

Nonpoint source pollution – water pollution aff ecting a water body from diff use sources, such as polluted 
runoff  from agricultural areas draining into a river.

NRCS – a federal agency committed to conserving natural resources on U.S. privately-owned lands, making 
up 70 percent of the country’s land.

NRWA – established in 1976 as a nonprofi t, utility membership, trade association to represent rural and 
small community water and wastewater systems; it is the largest utility member-based organization in the 
country serving in 48 contiguous states, as well as Alaska and Puerto Rico with more than 23,500 members.

NRWA participating member states – Alaska, Alabama, Arizona, Arkansas, California, Colorado, 
Connecticut, Delaware, Florida, Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, Louisiana, Maine, 
Maryland, Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Montana, Nevada, New Hampshire, 
New Mexico, North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, South 
Carolina, Texas, Utah, Vermont, Virginia, Washington, West Virginia, Wisconsin, and Wyoming.

Rural community – people living in areas characteristic of farming or country life.

Salinization – heightened levels of salt in soil, includes ions of sodium, potassium, calcium, magnesium, and 
chloride. High soil salt concentrations can impact plant roots, preventing crop growth and reducing yields.

Source-water – surface and ground water consumed by rural residents.

Stewardship threshold – a minimum performance score and standard, set by the NRCS, for improving the 
long-term sustainability of a natural resource.

Th ermoelectric power generation – generating electricity by exploiting the movement of electrons from the 
diff erence between a heated source and an unheated/colder destination.
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Underserved producers – limited resource farmers/ranchers, beginning farmers/ranchers, socially 
disadvantaged producers

Water transfer systems – E.g. California Aqueduct is a system of canals, tunnels, and pipelines that move 
water collected from the Sierra Nevada and valleys of Northern- and Central CA to Southern CA.

Watershed – a ridge of high land dividing two areas that are drained by diff erent river systems.
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