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FORWARD

Thank you for participating in the Dairy Power New York Summit: Creating a Greener, Cleaner
Future, to be held October 29-30 at the Holiday Inn in Liverpool, N.Y. The stated focus for the
Dairy Power S u mmi breakihreughfiapproaches ¢onwidedprgad adoption of
anaerobic digester (AD) technology by designing business strategies 0 specifically within New
York 8 that build economic, social and environmental value.o

This paper has been prepared specifically for this summit to provide a summary of anaerobic
digestion (AD) in New York and to serve as reference material on the topic of AD. The paper is
comprised of five chapters and an appendices section. The appendices are comprised of
materials to support each of the chapters, along with a Glossary of Terms (Appendix 1) and List
of Abbreviations (Appendix 2).
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Stoermann, special projects manager, Fair Oaks Dairy Farm; Mr. Doug Young, managing
partner, Spruce Haven Farm and Research Center; Mr. Ronald Rausch, New York State
Department of Agriculture and Markets; and Mr. Stanley (Lee) Telaga, Cornell PRO-DAIRY
Program, for their review efforts and helpful inputs.

We also wish to express our appreciation to Mrs. Caroline Potter, for her efforts in disseminating
one of the two Cornell developed surveys to the Northeast Dairy Producer Association (NEDPA)
member producers. Further, we wish to thank each producer who completed the survey and
returned it to us for inclusion in the data set. Lastly, we sincerely thank the tremendous New
York dairy producers for their support and willingness to collaborate on many fronts, specifically
dairy environmental management.
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CHAPTER 1: INTRODUCTION

New York, the third largest dairy state in the nation, has a proven history
of environmentally responsible management.

The NY dairy industry is well organized and many of its dairy producers
actively work to serve their dairy industry at the local, state and national
levels.

Environmental regulatory compliance is currently one of the major
challenges facing the NY dairy producer.

An anaerobic digester (AD) of dairy manure decreases farmstead odor
and decreases farmstead greenhouse gas (GHG) emissions.

1.1 New York Dairy Industry Overview

NY has a longstanding, rich history in the dairy industry. NY has been the third largest dairy
state in the United States behind Wisconsin (2") and California (1%) for many years, and overall

a net exporter of milk and dairy products. Dairy statistics show that there are 626,000 cows on
more than 6,000 dairy farms in NY, producing 12 billion Ibs. in 2008 (Hoard6 s D a i, 2009na n
The average herd size is about 110 cows, with a few herds over 3,000 cows. The distribution of

the number of herds by herd size range is shown in Figure 1.
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Figure 1. Distribution of New York Dairy Farms by Herd Size (2007)
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Within NY, there are well-managed, sustainable dairy farms in all counties with dairy cows. The
three primary milk sheds (substantial production areas) where each county in that area
produces over 32 million Ibs. annually, are shown in Figure 2. These areas are: Western New
York (Wyoming, Genesee and Livingston Counties), central New York (Cayuga and Onondaga
Counties) and northern New York (St. Lawrence, Jefferson, Lewis and Oswego Counties).
Additionally, a substantial volume of milk is produced in eastern New York.

o

"

Figure 2. Federal Order Milk Marketings by County for New York (2008)

The overall success of the NY dairy industry lies in the strength of the dairy producers. There
are numerous progressive, well-managed dairies that continually strive to improve their dairy
businesses and as such rely on partnerships with other producers, consultants, public and
private service providers, public agencies, and others.

NY dairy producers serve the dairy industry in many capacities beyond producing milk. Many
producers donate countless hours of their time working in diverse capacities, including serving
for the following organizations:

e Center for Dairy Excellence board of directors and Environmental Stewardship
Committee

Cornell Cooperative Extension county advisory boards

Cornell University advisory committees

Cornell Board of Trustees

Farm Bureau; local- and state-level positions

National Dairy Board

National Milk Producers Federation board of directors

National Milk Producers Federation 7 environmental task force

New York Farm Viability Institute board of directors
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Northeast Dairy Producers Association (NEDPA) board of directors
NYS CAFO Waorkgroup

PRO-DAIRY Program advisory committee

USDA-NRCS Agricultural Air Quality task force

US EPA Agricultural advisory committee

Various milk cooperative advisory boards

County Soil and Water Conservation boards

County Ag and Farmland Protection boards

The dairy industry is one of the remaining industries that is largely fragmented. Unlike the
swine and poultry industries where vertical integration is typical, the dairy industry has
independent farm owners who have autonomy to make business decisions they feel are best
for their dairy. Therefore, it is important to note that, at the farm level, each dairy farm is
different in layout, infrastructure, resource availability, management and farm interest in
manure management systems like AD.

1.2 Environmental Compliance - Water Quality

Generations of dairy farmers have a long history of being good stewards of the land. Farmers
realize that their business success and longevity is contingent on having suitable cropland to
grow feeds for their cows and high volumes of quality water to water their crops and their cows
alike. Farmers pride themselves on handing down their farms from generation to generation and
thus want to ensure the land and water resources needed are available in the future.

In 1999, the New York State Department of Environmental Conservation (NYSDEC) initiated a
Concentrated Animal Feeding Operation (CAFO) permit program for animal agricultural
operations with the goal of meeting federal Clean Water Act requirements and maintaining or
improving water quality of streams and lakes.

Under the newest NY CAFO permit issued in June of 2009, all dairy farms with more than 200
cows of milking age or 300 heifers will require a CAFO permit by March 31, 2010. Under the
permits that expired on June 30, 2009, where medium CAFOs (200 to 699 cows or 300 to 999
heifers) were not automatically required to be permitted, there were about 450 medium dairy
CAFOs and 145 large dairy CAFOs in New York (NYSDEC, 2009). All NY CAFO permits also
require each farm to have a third party planner certified by the state to develop a site-specific
comprehensive nutrient management plan for their farmstead(s) and fields. Many farms utilize
long-term manure storage for both manure management and environmental protection
purposes.

NY State Pollutant Discharge Elimination System (SPDES) permits, another requirement for
some dairy producers, are typically renewed every five years. The 2009 renewal included two
permit options for large CAFOs: the State-based Environmental Conservation Law permit and
the Federal-based Clean Water Act permit.

1.3 Air Quality Ramifications of Manure Storage

In upstate New York, it is probably common knowledge that dairy manure stored long-term
produces odorous emissions. Operative microbes that thrive in the oxygen-free environment of
long-term storages produce offensive and potentially hazardous (when in a confined-space
situation) gases, including ammonia (NH3) and hydrogen sulfide (H,S). Other populations of
operative microbes produce GHG emissions, most notably methane (CH,). Methane is reported
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to have a global warming potential (GWP) of 21 to 23 times that of carbon dioxide (CO;) (U.S.
EPA, 2006).

Dairy farmstead manure-based GHG from long-term manure storages can be mitigated in two
ways:

1. Covering the manure storage with an impervious cover to capture and flare
biogas

2. Anaerobically digesting freshly excreted manure prior to being stored long-
term.

Each of these methods is discussed within this paper, with an emphasis on AD, due to its ability
to not only lower farmstead GHG emissions, but also to produce a meaningful supply of
renewable energy. This form of renewable energy has the added benefit of offsetting fossil fuel
energy uses and can result in a reduced GHG footprint.
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CHAPTER 2: NEW YORK DIGESTER STATUS AND LESSONS LEARNED

Thirteen of the 14 operating on-farm AD systems in NY are located on
dairy farms; the other is located on a duck farm.

Currently, the in-place electrical generation capacity is 2,655 kW with five
more AD systems under construction and 14 in the planning stages,
resulting in a combined generation-capacity of 8 MW in the near future.

After the 19 AD systems under construction and planned are completed,
NY will have an AD generation capacity of 10.5 MW.

Twelve of the 13 operating digesters received public money to offset
capital costs.

The high capital cost and rather low return on investment is the major
challenge to be addressed.

Other challenges are related to design, construction and system
management.

2.1 State of Anaerobic Digesters in New York

Overall, AD as a manure treatment strategy has varied in popularity for many decades for much
of the U.S. dairy industry, including the dairy industry in New York. Initial interest was sparked
during and immediately after the energy crisis caused by the 1973 oil embargo when many AD
systems were built to produce energy (Wright, 2001). Nationally, at least 71 systems were
constructed on commercial livestock and poultry operations, but subsequent to an overall
decrease in energy prices, many of these systems were abandoned. Only 25 of the 71 were still
operating in 1995 (Wright, 2001) and none of the originally constructed systems are still in
operation today in NY. Specific details on the technology of AD, as well as water quality
implications and performing AD feasibility studies, can be found in Appendices 3, 4 and 5,
respectively.

In the recent past, NY dairy farmers constructed digesters primarily as a means of lowering
farmstead odor emissions with secondary goals of generating renewable energy; GHG
reductions, until most recently, were not cited as a reason to construct digesters.

2.2 Digester Locations and Characteristics

The location of all AD systems currently operational, decommissioned and planned is shown in
Figure 3. The digester shown on Long Island processes effluent from a duck farm; the others
shown are all located on dairy farms. Most of the larger dairy farms are concentrated in the
central and western part of the state, resulting in a larger number of systems in these areas as
compared with elsewhere in the state.
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Figure 3. NY Digester locations

A snapshot of some basic aspects of each existing and currently planned AD system, provided
for the purpose of a quick comparison, is shown in Tables 1 and 2. Case studies are available
for most of the farms and can be accessed at: www.manuremanagement.cornell.edu. The case
studies are updated periodically to reflect changes, such as animal population, management
practices and system improvements.

Currently, there are 13 NY dairy farms with operating ADs constructed over the past 11 years
that have an aggregated in-place electrical generation capacity of 2,655 kW. Significant public
funding made available by NYSERDA and the USDA-NRCS Equip and Rural Development
programs were involved in the development of these projects. All farms with currently operating
digesters have had some level of grant money involved to help offset the capital and/or
operational costs. As of August 2009 manure from 14,000 cows was digested daily and the in-
place generation capacity was 2.7 MW.
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Table 1. Operational AD Specifications

# of Est Estimated
Farm Fargn Digester Designer Capital Start Milking HRT Loading
ID Type Cost (3) -up Cows (days) Rate
y (gal/day)
AADairy | 1 Plug-flow __RCM 363,000 | 1998 | 600 37 11,000
Digesters, Inc.
Aurora Plug-flow
. . 14 with biogas GHD 2,300,000 | 2009 1,600 22 84,000
Ridge Dairy : :
recirculation
Applied
Corwin 9 | Complete mix | rechnologies, | 5 545000 | 2005 | 130,000 10 100,000
Duck Farm Inc. ducks
(Wisconsin)
El-ViFarms | 6 Plug- N/A 294,000 | 2004 800 10 30,000
flow/mixed
Emerling 8 Plug-flow _RCM N/A 2006 | 1,100 20 48,000
Farm Digesters, Inc.
New Hope
ViewFarm | 5 Plug-flow _RCM 984,000 | 2001 850 20 25,000
(formerly Digesters, Inc.
DDI)
Noblehurst | 3 Plug-flow; | oo power | 747,700 | 2003 | 1,600 23 30,000
Farms twin cells
Patterson | 5| complete Mix | . "M 1,500,000 | 2005 | 1,000 22 45,000
Farms Digesters, Inc.
. : Complete
Ridgeline |, mix: __RCM 622,000 | 2001 600 20 25,000
Farm - Digesters, Inc.
twin cells
Vertical Sie_m ens
sheland 1, complete Building 1,200,000 | 2007 560 17 14,000
Farms mix Technologies,
Inc.
SUNY 11 Plug-fiow;, Cow Power | 936,000 | 2007 400 25 10,000
Morrisville twin cells
Sunny Knoll |5 Plug-flow _RCM 1,000,000 | 2006 | 1,400 18 43,000
Farm Digesters, Inc.
Sunnyside Plug-flow
Far)r/ns 15 with biogas GHD 4,500,000 | 2009 3,750 N/A N/A
recirculation
Twin Birch Anaerobics/
10 Plug-flow Twin Birch N/A 2003 1,200 20 29,000
Farms Farm
TOTAL 12,146,700 13,860 310,000
To be used when referring to Figure 4.
Capitalizing on Energy Opportunities on New York Dairy Farms Page 11




Table 2. Operational AD Specifications (continued)

. ® e Carbon
Farm Influent Sta!l Rumensin Sol|d-L|qU|d Biogas Use(s) Credit
Bedding Usage Separation )
Trading
Yes; compost
AA Dairy Ma”!”ez Sawdust Yes produced and 130 kw No
SLS liquid sold Eng-gen set
Auro[;z:lirR;dge Manure Sawdust Yes 500 kW No
Yes; settling
Corwin Duck Manure None No tank and Compressed NoO
Farm double drum air generation
screen
Separated Yes; solids
EI-Vi Farms SLS liquid digested N/A used for B'Ogaﬁ'f'red N/A
solids bedding and boiler
sold
Manure, Separated Yes; solids 230 KW
Emerling Farm hog processing digested N/A used for Eng-aen set No
waste solids bedding 99
New Hope
View Farm Manure Sawdust No NOI. currently (.1) 0 kW No
in use microturbine
(formerly DDI)
Manure, Separated Yes; solids
Nolzb;gim hog processing digested Yes used for Enlgjoekr\ll\get Yes
waste solids bedding 99
Patterson Manure, Separated Yes; solids A 180 kW and
Farms cheese whey, digested Yes used for a 200 kw Yes
onion waste solids bedding Eng-gen set
Manure, various
Ridgeline food Wa_stes (hog Not currently En;?gelﬁl\/\s/et'
processing waste, Sawdust Yes . . S Yes
Farm ice cream waste in use Biogas-fired
. ' boiler
salad dressing, etc.)
Separated Yes; solids
Sl?:rlr?gd Manure digested Yes used for En12-5ekr\1/\éet No
solids bedding 99
MSrLrJig\)i(lle Manure Sawdust N/A No Eng-ogg\rllvset No
Sunny Knoll Manure Sawdust Yes No 230 kw No
Farm Eng-gen set
. Separated Yes; solids
Su;;;r/ide Manure digested N/A used for Ensqoekr\ll\get
solids bedding 99
Twin Birch Separated YS:;etsj(i‘lcl)(rjs miE:Gr)o'iJOrll(i\:és
Manure digested Yes ; ) L Yes
Farms Solids bedding and biogas-fired
sold boiler
TOTAL 2,655 kW
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Basic aspects of AD systems currently under construction or in start-up and those in the
planning and/or design state are shown in Tables 3 and 4, respectively. Considering projects
that are both in the planned and under-construction status, approximately 25,000 dairy cows in
NY will add 8 megawatts (MW) to the electricity-generating capacity of digesters currently in

operation in NY.

Table 3. Under Construction or in Start-up AD Specifications

# of

Farm Location s . Primary
Farm D (Town) |\/(|;|klng Digester Type Biogas Use
ows
Boxler Farms 17 Varysburg 2,000 PIUgn']filfi\r']VgW'th 500 kW Eng-gen set
Cayuga County Saoll
Water Conservation 13 Auburn 1,000 Complete mix 625 kW Eng-gen set
District
Lamb Farms 18 Oakfield 1,120 . Plug-floyv W'th. 450 kW Eng-gen set
biogas recirculation
Roach Dairy Farm 24 Scipio Center 1,200 Plug-flow 300 kW Eng-gen set
Swiss Valley Farms 19 Warsaw 1,200 Plu?;]fil)?i\r/]\/gwnh 300 kW Eng-gen set
Wagner Farms 16 Poestenkill 340 Complete mix 100 kW Eng-gen set
Zuber Farms 21 Byron 1,380 Plug-flow 300 kW Eng-gen set
TOTAL 8,240 2,575 kW
To be used when referring to Figure 4.
Table 4. Planned AD Specifications
Farm Location # of Primary
Farm ID2 (Town) Milking Digester Type Biogas Use
Cows
Green\lév;)rcr)rc]i Dairy 22 Potsdam 1,200 Complete mix 300 kW Eng-gen set
. . Bio-methane
Oakwood Dairy 26 Auburn 1,600 Complete mix 500 KW Eng-gen set
Phillips Family Farm 23 North Collins 1,200 Complete mix 300 kW Eng-gen set
. . . Bio-methane with
Sprucehaven Dairy 25 Fleming 1,850 Complete mix 500 KW Eng-gen set
Walker Farms 20 Fort Ann 1,100 Complete mix 225 kW Eng-gen set
Farm 1} 2000 | Plugflowwith 55\ Eng.gen set
biogas recirculation
Farm 2 900 Complete mix 225 kW Eng-gen set
Farm 3 1,250 bi Plug-flow with 315 kW Eng-gen set
iogas recirculation
Farm 4 720 Complete mix 135 kW Eng-gen set
Farm 5 637 Complete mix 120 kW Eng-gen set
Farm 6 500 Plug-flow 60 kW Eng-gen set
Farm 7 2,100 Complete mix 2,248 kvsvetE”g'ge”
Farm 8 1,440 Complete mix 300 kW Eng-gen set
TOTAL 16,497 5,628 kW

‘Unnamed farms 1 to 8 are farms that have applied to NYSERDA for RPS funding but have not yet had
their applications approved.
To be used when referring to Figure 4.
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The two NY counties with the largest concentrations of existing and planned AD systems are
Cayuga and Wyoming Counties, respectively. Enlarged county maps have been provided to
show the digester locations, as shown in Figure 4. The Farm ID numbers provided in Tables 1,
3 and 4 can be used to reference specific farms on this map.

Wyoming County Cayuga County

Wyoming County

® Cayuga County

@®

S

§o
@ O

@p

.\

- @

Figure 4. NY and Cayuga and Wyoming County Maps Showing AD Locations by Farm ID Number.
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2.3 Summary of Lessons Learned

Most digester owners/operators in NY have reported their positive and negative AD experiences
and important lessons learned in different venues. A record has been compiled by the Cornell
Manure Management Program and is provided by category in Appendix 6.

Innovation Center for U.S. Dairy combined these common problems, successes and overall
lessons learned with research conducted in other parts of the United States along with EPA
AgSTAR information, and the results are summarized below.

2.3.1 Economics
The economics of digesters vary widely and depend upon many variables. The consistent
issues that arose in NY are:

e Current avoided cost prices paid to producers do not allow for economic
viability for the AD system

e Cost estimates for projects have sometimes been unrealistic
e Tipping fees can offset the operational and management costs of the AD
e Lenders view digesters as high lost capital items

2.3.2 Design

Design issues reported by NY dairy producers were numerous. Some design issues were
related to site-specific criteria unaccounted for (such as high groundwater tables) and others
were a result of shortcomings and/or errors in system design, engineering and/or construction.
Issues that were identified by producers included:

e Vetting of digester developers and/or the inclusion of a warranty of work needs
to be included in contract to ensure proper design attributes are addressed as
determined by the site and climate criteria and considerations.

e The digester must be designed as a complete system and not as an ad hoc
integration of components, which has been shown to lead to unanticipated
consequences such as structural failures and interconnection issues.

e Aprocess of comparing system desi gn®t s
appl esd standards has been suggested t
different systems and companies.

e Design components need to incorporate the potential expansion or change in
substrate materials according to the possibilities for the producer; alternatively,
the producer should be aware of the limitations of a system to ensure the farm

doesndt add inapproptiate substrate mater.i

e Sizing of the gas handling system needs to account for the additional
production of biogas that food waste creates. Pre-planning and analysis of
possible food waste sources was helpful to the farm to estimate gas production
potential.

¢ Digesters should be pressure-tested as part of the final inspection procedure.

Capitalizing on Energy Opportunities on New York Dairy Farms Page 15
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e Turnkey design was desirable for installation. A complete engine-generator set
and biogas handling skid, appropriately sized and assembled in a factory
(providing ease of design and mechanical equipment installation) has proven
successful in the field. The system was assembled with compatible equipment
and controls so on-farm installation was easily accomplished.

e One farm believes that two smaller engine-generator sets should have been
chosen instead of one larger unit. Some of the engine-generator set
maintenance requires downtime and consequently results in the need to
procure power from the local utility, whi ch i ncreases the.farmbds de

e Conditioning biogas before sending to the compressors and microturbine is
critical for the power generation system. Hydrogen sulfide and water vapor in
biogas present the potential for corrosion & the compressor has sensitive
components that will corrode.

¢ Providing a sound insulated engine room can reduce the sound on-farm as well
as the sound heard from a distance.

e The heat balance of the digester system is vital. The design needs to address
heat recovery from the engine, methods to heat the AD influent, and correct
estimates for maintenance heat, which is needed to maintain a constant
temperature in all weather conditions.

e Groundwater impingement on the bottom of the digester can significantly
reduce the temperature of hot water piped to the digester to maintain operating
temperature.

2.3.3 Digestate Management
Digestate management concerns revolved primarily around post-digested separated solids
management and nutrient management. They included the following issues:

e Use of post-digested separated manure solids as bedding has proven
successful on some farms while not so successful on others.

e Post-digested solids turned into compost are finding marketability in NY.

e Some systems have experienced a decrease in solids as the result of adding
additional substrates, which led to the conclusion by a producer that the
efficacy of solids digestion is increased with the proper substrate additive.

e Accepting food wastes can be highly profitable if there is the ability to manage
the associated Iimported nutrients as require:t

e Where land application is restricted due to weather conditions or nutrient
restrictions, a viable long-term storage capability must be incorporated into
project management needs.
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2.3.4 Management Issues for Consideration

Producers provided a variety of comments regarding the management and day-to-day
operations of the AD systems. They are provided here as a means of expanding understanding
on issues that need to be addressed from an operational management standpoint:

e A Flow gutter often becomes clogged with solids, and must be flushed with
milking center wash water. The problem is acquiring clean water to flush with,
since the wash water from the foot baths contains copper sulfate, which the
farm believes decreases microbial activity in the digester.

e The plug-flow digester on our farm relies on the proper moisture content of the
influent; changing the feedstock of the digester too quickly can disrupt the
normal functioning of the bacteria and shock the system.

e When a reduced volume of material is transferred to the digester, the amount
of heat to the digester is adjusted, since heat will not be needed for incoming
manure. Without adjustment, higher temperatures than desired may result.

e There is a significant amount of heat recovered from the engine-generator set,
which is used to heat the digester influent, to maintain the digester operating
temperature, and to heat the calf barn and milking parlor. Despite the many
uses for waste heat in our system, a radiator to dissipate extra heat is still
needed. The un-insulated gas utilization building is kept very warm, even in the
winter months, due to the excess heat produced by the engine. This offers a
prime opportunity for a shop facility.

e Maintaining control of digester operating temperature is important, especially
during cold weather. Frozen manure and manure with excessive water
regularly bypasses the digester. When the digester feed is reduced, biogas
production decreases and less heat is available to warm influent. In this case,
either external energy is needed to maintain the digester operating
temperature, or the digester needs several months of warmer weather to
recover.

2.3.5 Additional Concerns
e Technical service support was found to be lacking for much of the equipment
associated with the digester system, including the engine-generator set and
electrical connections.

e The AD project required a dedicated person to research the funding
opportunities, construction specifics and permitting requirements prior to
construction.

e AD systems have associated safety requirements that are new to a production
farm that have taken time and investigation to fully understand.

e Currently there are no entities that provide complete technical support or
services for AD systems. There are several separate digester components
designed by different companies that need to come together for successful
digester operation and biogas utilization.
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CHAPTER 3: COSTS, BENEFITS AND FEASIBILITY

1. Several benefits are attributed to the anaerobic digestion of dairy manure,
including:
Reduction of manure-related odors
Reduction of manure-related GHG emissions
Improvement in crop utilization of nutrients and therefore a decrease
in negative water quality impacts
Generation of renewable energy

One challenge of performing a comprehensive economic analysis, is that
several benefits attributed to anaerobic digestion are difficult to assign a
monetary value.

NYSEP conservatively states that total biogas production potential is 8
TBtul/year 8 this translates to 702,000 MWh annually.

3.1 Costs

Discussions with dairy producers have shown that the current capital cost range for complete
AD systems is $1,000 to $1,400 per cow equivalent with the engine-generator set component
costing about $1,000 per kW of capacity. Commodities of scale are prevalent in these systems.
This capital cost range is not all that different from the cost per cow to construct a new dairy
freestall barn.

As stated other places within this document, one of the major problems identified by the New
York dairy producer is the large capital cost associated with implementing an AD system.
Another cost-related problem is the high lost capital of ADs, making it difficult for some farms to
secure bank financing.

Other costs that need to be considered are the annual operations and maintenance costs. As an
example of this, the estimated cost to maintain an engine-generator set is $0.015 to $0.02/kWh
(Martin, 2009). Labor, significant at times, is needed to manage and troubleshoot problems
associated with the digester system.

3.2 Benefits
The specific benefits of an on-farm AD system of dairy manure include:

1. Reduction of manure gas odor. Less odor allows a farmer to be more flexible
regarding how manure is stored and recycled to the land base.

2. Reduction of GHG emissions. This is good for the environment and further
shows consumers that farmers strive to be good environmental stewards.

3. Conservation of nutrients. AD does not consume the manure nutrients of
nitrogen, phosphorus or potassium, which are important for crop production.
However, at this time, dairy farms generally have more manure nutrients than
needed and thus some farms would like to see a digester consume nutrients.
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Improvement in crop utilization of manure nutrients. Effluent from digesters can

be stored long-term without significant odor problems, allowing farmers to apply
nutrients to even sensitive field crops in a timely, agronomic fashion.

Improvement of water quality. Agronomically preferred application time

coincides with periods when predicted runoff and leaching is minimal, thus
minimizing contamination to receiving water bodies.

Generation of renewable energy. Biogas can be used to generate electricity,

heat water, dry materials, or a number of other potential alternative uses that
can be used on- or off-farm.

Revenue potential. Besides reducing on-farm purchased energy costs for
electricity and/or heat, the digester can facilitate other enterprises, such as
digested manure solids sale as compost or bedding, excess electricity sales, or
co-digestion of food waste for a tipping fee.

Pathogen reduction. Cornell research has shown a 99.9% reduction of indicator
organisms (those that are commonly used to evaluate the success of a
systembs performance r el at iJehee® tisgeasd i |

diseasefoundint oday és dairy c%hydigestiors reduced

3.3 Feasibility: Economic

In order for an AD system to be a good investment by the dairy producer, the annual cost to
own and operate the system must be less than the revenue provided by the system. Potential

revenues can come from the sale of;

Indirect revenue (cost savings) can be obtained by reducing purchased electricity and heating

fuels.

Excess electrical energy

Excess combustion heat

Carbon credits

Renewable energy credits
Post-digested separated manure solids
Organic fertilizer

3.4 Feasibility: Future AD growth potential and energy outputs

The

NYSEP estimates that New Yorkds far ms

from AD systems annually. Based on an average biogas yield of 80 ft¥/cow-day from digesters
fed manure only, our calculation shows this represents the digestion of 354,000 milking cows,
only about half the population of milking cows in the state. Our analysis of this potential of 6

TBtu/yr shows that 528,000 MWh of electricity could be generated annually.

n
9

have t

g oth
9

f

In additontofarm-b ased bi omass used for biogas producti on,

beverage manufacturing facilities have an estimated biogas-producing potential of 3.9 billion
cubic feet per year, or approximately 2.1 TBtu per year. Therefore, the NYSEP states that a
conservative estimate for New Yorkés tot al

Our analysis shows this potential translates to 702,000 MWh annually.
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If a number of things came together, the longer-term daily potential for biogas production from
manure and organic substrates in NY is shown in Figure 5. The analysis calculates the available
mass of dairy manure from a total of 453,000 milking cow equivalents (total manure from 80%
NY 150 large and 450 medium CAFO farms) co-digested with organic food waste. Energy
production due to the co-digestion process is estimated to be three times that of digesting
manure alone. The resulting biogas can be transformed into multiple energy outputs as shown.
Effluent can be recycled to the land base as fertilizer and biogas can be used to generate

electricity, heat, or scrubbed and injected into a pipeline.

On-Farm AD: Linking Agriculture,
Community and Industry toward a
Sustainable Future

Food waste and
other biomass
0-50% weight of

7.1M Ibs of solids manure

from dairy minure

\

_ Electricity
<2 3.5M kWhiday

N
sk

‘ Heating
42,000
mmBtu’s

Nutrient-rich
organic
fertilizer

Potential NYS

Pipeline
S L Distribution
Biogas Estimates Oas clean-up 40,000 mmBtu’s

Figure 5. NY biogas potentials (Gooch and Pronto, 2009)
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CHAPTER 4: CHALLENGES AND REGULATIONS

1. The Cornell performed survey to de
barriers to digester development can be summarized by these overall
producer-defined barriers:

e High capital costs

e Interconnection process and requirements
Producers currently with and without a digester perceive the process of
installing a digester to be difficult.

New York provides the opportunity for farms to sell excess electrical
power to the utility through the net metering law. Limitations of the current
Net Metering law include:
e Allowable engine-generator set capacity limit of 500 kW
e Net metering | imited to one met
NYS farms have multiple service meters)
Options limited for net metering involving 3™ party ownership of
AD system
Co-digestion potential of off-farm biomass weight limited to 50% of
digester influent

A complaint has been filed to the PSC in relation to current
disagreements of interconnection costs incurred by the utility companies
in NY.

New York has a permitting system in place to provide dairy farmers the
opportunity to legally import off-farm substrates for co-digestion. The
limiting factor for importation of off-farm substrates for most NY dairy
farms is properly balancing the additional imported nutrients as required
by their CAFO permit. Suitable advanced manure treatment technologies
to condense and remove excessive nutrients from the digester effluent
stream are needed, and valid capital and operational data from farm-
based installation scenarios is required so the incremental coast of the
equipment can be determined.

4.1 Surveys of Producer Perspectives

Two separate surveys were developed in order to gauge producersdperspectives and to present
associated barriers to digester adoption in this paper. One survey targeted current digester
owners/operators and one survey targeted producers who do not currently own/operate a
digester. The surveys were distributed to select farms in August 2009. Individual survey
responses to each question asked are presented in Appendix 7, and a summary of all barriers
cited by both survey groups is presented below.

Survey #1. AD Operator Survey

This survey was sent to 13 current digester operators, and 12 respondents completed the
survey. Two of the respondents were from the same farm and represented the same digester
system. Not every question was completed by each respondent. The responses to each
guestion are provided in Appendix 7. In question one of the survey, all responses were higher
than a difficulty level of 5, indicating that all producers had more difficulty with the digester
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system project than anticipated, and the majority of respondents ranked their experience as a
Level 8 difficulty. When asked to specify the problems encountered, the majority of respondents
cited issues with (in order of popularity):

Interconnection (nine occurrences)
Design (seven occurrences)
Construction (six occurrences)
Regulations (five occurrences)

The most common response to the question asking for a recommended method to overcome
the problems encountered was Ato have ans
Finally, most producers (nine out of 10) perceived other producers to have a difficult time
implementing a digester system.

Survey #2: Producers Without On-Farm AD System Survey

This survey was sent to 85 Northeast Dairy Producers Association (NEDPA) member
producers, and 20 respondents returned completed surveys. Their responses to each question
are provided in Appendix 7. The majority of respondents have considered or are considering
installing a digester on their farm, with most people indicating they seriously considered
installing a digester from 2007-2008, and/or in the near future (within five years). The most
popular reason cited for not installing a digester was capital cost, followed by the belief that it
was a poor investment and the third popular reason was that the farm currently uses sand
bedding. The majority of respondents believe that other producers have a difficult time installing
a digester, and the reasons most cited were (1) high capital cost and (2) operational complexity
and additional management needed. When asked to choose from a list of options for barriers to
installing a digester, Ahigh capital costs
perceiving that this is the most serious barrier to further digester development in NY. The
second most chosen barrierwas it he per cei ved shor t conmindfigaly,
when asked (unprompted) to identify the most serious issue that needs to be overcome in order
to expand digester installations in NY, the reason was high capital costs.

A summary of all barriers mentioned by respondents from the first survey (currently operating an
AD) is shown in Figure 6. The summary of barriers mentioned in the second survey (not
currently operating an AD) is shown in Figure 7.
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Milk price volatility

Need higher value for green energy
Poor return on investment

High capital costs

Interconnection process & requirements
Utility issues

Need alternative uses for biogas
Regulations

Grant availability/complexity

Lack of technical support infrastructure
Farm dedication/lahor requirements
Operational complexity

Lack of standardized design/equipment
Design issues

Poor planning

Q
[a]

4 6 8 10 12

Number of ocurrences

Figure 6. The occurrences of each barrier cited in Survey #1 (AD operators)

Milk price volatility

More attractive investment

Poor investment

High capital costs

Higher value for green energy
Interconnection process & requirements
Utility issues

Grant availability/complexity
Regulations

Lack of technical support infrastructure
Farm size (too small})

Farm dedication/lahor requirements
Operational complexity

Use sand bedding

Negative track record

Design issues

Q
w

10 15 20 25

Number of ocurrences

Figure 7. The occurrences of each barrier cited in Survey #2 (Farms without ADs)

It is a common response from producers with and without digesters operating on-farm, that
utility interconnection is believed to be one of the most arduous tasks of installing a digester.
The main issue, as understood through interactions with the utilities, is a simple one & farms
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are located in rural areas usually at the end of distribution lines where the electric grid ends in a
series of small feeder lines. The lines are not designed or able to handle the large amounts of
power farm AD generators wish to put back on the grid (NYSEG, 2009). In order for digesters to
realize positive economics, several issues with electricity buy-back need to be addressed
(Jones, 2008). To achieve the potential benefits of widespread AD, challenges seen by the dairy
producers need to be addressed, regulatory issues need to be resolved, and opportunities
enhanced and applied.

As demonstrated by the results of the two surveys conducted by Cornell, and echoed in an
independently conducted survey (see Appendix 8), the high capital cost of digester systems is
the major challenge to be addressed. Some of the specific aspects of the cost issue are
summarized below:

1. High capital cost. High initial costs make investing in an AD prohibitive by all
but the most profitable farms, unless significant amounts of outside grant
dollars are secured.

2. High lost capital. Digesters are viewed as high lost capital items, as much as
90%, resulting in difficulty securing loans or obtaining subsequent loans for
other dairy facility capital projects.

3. Lack of predictable return on investment. High capital costs can be overcome
if competitive returns on investment can be realized; however, there is a lack
of outstanding examples of this in NY.

The surveys also confirm some of the lessons learned, provided in detail in Appendix 6, with
respect to the need for qualified and trained personnel for design and operation of digester
systems. A limited pool of designers with qualified credentials currently exists. However, with
the recent surge in producer interest, more technical support is becoming available to perform
design and maintenance work. A designated farm employee must be trained in the principles
and management of the digester system in order to ensure its success. With greater attention to
expanding green jobs, opportunities for training may become available.

4.2 Net Metering Law: Benefits, Limitations and Challenges

The original NY Net Metering law was signed into law on Aug. 13, 1997 (New Rules Project,
undated). The current Net Metering law is outlined in Sections 66-j and 66-| of Article 4 of the
Public Service Law (New York Consolidated Law Service, 2008), and includes net energy
metering for farm waste systems. Net energy meter means a meter that measures bi-directional
flow of electricity between the electricity supplied by an electric corporation to a customer-
generator and the electricity provided to the corporation by that same customer-generator.
Farms can elect to deliver excess electrical power to the grid through the existing net metering
program, or by alternative tariff provisions for selling power.

For farm waste customer-generators that qualify for net metering under current statutes, the
current NY Net Metering law mandates that:

e Biogas-derived electricity sold back to the grid be generated at a maximum
capacity of 500 kW.
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If the generating capacity (kW) of the farm waste generating system surpasses
20% of the capacity of the local feeder line, the utility may require additional
compliance to meet applicable safety standards for other customers on the line.

Electricity sold back to the grid be fueled by a minimum of 90% annually by
biogas produced from the AD of agricultural waste.

Biogas used to generate electricity sold back to the grid be produced from the
AD of at least 50% livestock manure by weight.

The customer-gener at or pay t he electric
transformer or other equipment to provide for the safety of the line, up to
$5,000 for a farm waste generator; the utility shall not impose any other fees for
interconnecting to net meter a system.

Net metering systems are limited to a customer of an electric corporation, who
owns or operates farm waste electric generating equipment located and used
at his or her Afarm operation. o

company?®6

The Net Metering law also contains requirements for utility companies with regards to
purchasing electricity from customer-generators. The electric utility company will provide for the
interconnection of farm waste electric generation equipment, if that customer-generator enters

into a net metering contract with the utility. The wuti |l ity company must

and reasonabl e r atcesomers, and mustervidentee netrmieterigg program
reached
photovoltaic solar power generators in their system. On Jan. 1 2012, the PSC can increase the
1% limit on the overall program capacity limit if net metering is determined to be successful.
Each utility must establish standards for net metering and farm waste generating system
interconnection. Part of these standards incorporate Standardized Interconnection
Requirements (SIR); see Appendix 11 for more detail. This requirement is met by the utility
developing a tariff approved by the PSC. The PSC can determine whether these standards for
interconnection are reasonable.

unt i |

1% of that wutilityds 2005 demand i s

Net metering billing is determined using the following criteria:

If the amount of electricity supplied by the utility is higher than that provided by
the customer-generator to the utility during the billing period, the utility will bill
them for the net electricity supplied at the same rate per kWh as other
customers in the same service class that do not generate electricity on-site.

If the amount of electricity provided by the customer-generator to the utility is
more than the amount of electricity provided by the utility to the customer-
generator during the billing period, the utility will apply a credit to the customer-

generatords next bill for the net electri
other customers in the same service class which do not generate electricity on-
site.

e On an annual basis, the utility will pay the customer-generator for the value of
any remaining credit for the excess electricity produced by the customer-
generator and the rate wildl be the uti
generator.
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e If the utility imposes charges based on kW demand for customers in the same
service class as the customer-generator, but which do not generate electricity
on-site, the utility may impose the same charges at the same rates as for the
customer-generator, but the kW demand must be determined by the maximum
measured kW demand actually supplied by the utility to the customer-generator
during that billing period.

Based on currently available data, our calculations show that, of the 1% net metering program
limit for the three major utilities 8 National Grid, NYSEG and RG&E & 13%, 35% and 4%,
respectively, is currently occupied, as shown in Table 5. Each of t hese
contains the clause that the net metering program for solar (in the table referred to as PV) and
farm waste (in the table referred to as AD) generators is available until the threshold of 1% of
t hat utilityds demand f orMora tham hajf ¢hes rcapaZity Gebnains
available for the three utility companies serving areas most likely to support on-farm ADs.
Whether this 1% limitation will keep some future digester systems from the benefits of net
metering or not will depend on several factors, such as the rate of installation of PV systems
and digester systems and their locations. It appears that a larger percentage of the NYSEG

service territory is occupied as compared wi
Table 5. Status of 1% of 2005 Electric Demand Net Metering Limit
1% of Portion of 1% already Portion
- PV kWs | AD kWs 2005 occupied by solar
Utility . . of 1%
occupied | occupied | demand and farm waste free
(kW) generation, combined
National Grid 6,375 2,180 65,360 13% 87%
New York State Electric and Gas 4,770 4,995 28,260 35% 65%
Rochester Gas & Electric 609 0 16,250 4% 96%

4.3 Current Challenges Regarding Utility Interconnection Costs

Currently, there are issues with several digester installation projects regarding utility
interconnection costs. The basic issue is the lack of definitive interpretation of interconnect costs
by PSC to address a difference in opinion between the utility companies and customer-
generators that limits interconnect costs to the $5,000 cap limit stated in the Net Metering law
for a dedicated transformer or transformers, or other equipment to protect the safety and
adequacy of electric service provided to other customers. Utility companies have quoted
significant interconnection costs to some farm waste-to-energy generation systems for reasons
that include safety of the grid network. Parties responsible for planning and installing the farm
waste-to-energy generation systems have not been anticipating the potentiality of large
interconnect during project planning. In a number of projects, this can tip the economics in an
unfavorable direction and create concerns over the economic and overall feasibility of most
farm-waste generation systems.

¢ One farm-waste generation project currently under construction has recently filed
a complaint with the PSC (Lutz, 2009) regarding the interconnection costs they
were quoted by the utility company National Grid. Boxler Dairy Farms was
guoted more than $416,000 by National Grid for system upgrades to be able to
interconnect their 500 kW generator fueled by AD biogas (National Grid, 2009).
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4.4 NY Regulations Affecting Farm Importation of Off-Farm Biomass

Dairy farms are well positioned to be significant contributorstothest at e6s renewabl e
goals and beyond. There are significant opportunities for dairy farms to co-digest off-farm
biomasses, commonly referred to as substrates, with dairy manure and other farm-generated
biomasses.

Co-digestion provides the opportunity to significantly increase biogas production per unit
volume of influent over that of manure-only-based systems. A few dairy farms in NY have
been co-digesting at their sites for several years and monitoring analysis shows biogas
production on these farms is three times that of other monitored farms with manure only
systems (Gooch et al., 2007). Even greater production is possible with co-digestion of
specifically selected substrates. A Wisconsin farm-based digester produces five times the
biogas due to co-digestion. Biogas production is increased in two ways, by:

1. Conversion of the additional biochemical energy contained in the substrate
itself

2. A symbiotic effect that results in more efficient utilization of the biochemical
energy contained in manure

An increased number of partnerships between dairy farms and food processors, waste
haulers and communities (both private and public entities) are needed to significantly bolster
the number of digesters in the state and subsequent biogas production.

There are three NY regulations under two different NY agencies that govern farm importation of
off-farm biomass. They ar e t he f ararféod waStd im@rtagom pemiittand the
Net Metering law. The CAFO and food waste permits are administrated by NYSDEC and the
Net Metering law by the PSC. An overview of each is provided below.

4.4.1 CAFO Permit

Almost all dairy farms with 200 to 699 cows are required to have a medium CAFO permit while
those with 700 or more cows are required to have a large CAFO permit. Currently, there are
about 450 medium-permitted dairy CAFOs and 145 large-permitted dairy CAFOs in New York
(NYSDEC, 2009).

While the CAFO permit itself does not specifically address farm importation of off-farm
substrates for co-digestion, it does specifically require the farm have a Comprehensive Nutrient
management Plan (CNMP). The CNMP is essentially a tool to account for all of the nutrients
coming on the farm and leaving the farm, and the CAFO permit stipulates that there needs to be
a balance between inflows and outflows of the nutrients N, P and K. The procedure for doing
t his 1 s ¢ alilFarma Nutriant MagéhBalanee.0 The CAFO permit requires each farm to
have athird-party planner certified by the state to deve

It is likely that the most difficulty farms will have with importing substrates for ADs is difficulty in

maintaining mass nutrient balance. Substrates contain nutrients N, P and K and therefore add to

the nutrients coming on-farm. The concentration, generally expressed at the farm level in units

of Ibs/1,000 gallons varies by substrate. The NY farm with the longest history of importing food

waste for co-digestion in the U.S. has sourced substrates from multiple sources since 2004.

Digester substrate sampling from January 2004 to May 2005 showed that overall a tanker-load

of i mported food waste had the same nutrient con
manure (Gooch and Inglis, 2007).
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Farms that are best positioned to import substrates for co-digestion are those that have access
to cropland that exceeds that need for forage crop production for their herd. Since this is
generally not the case in NY, wide-span adoption of co-digestion systems hinges on the
economics associated with not only producing and utilizing the biogas but also with the
equipment needed to condense excessive nutrients in digester effluent so they can be exported.
Overall, the best substrates for co-digestion in many cases are those that produce the highest-
value biogas (a combination of quantity and quality) with the lowest associated nutrient loading.
This can be expressed as mmBtu/lbs N, P and K.

® CAFO farms
A Food processors

Figure 8. NY Map of CAFO Farms and Food Processing Locations
(www.wastetoenergy.bee.cornell.edu)

4.4.2 Food Waste Permit

Unlike some of the other states, NY has an existing permitting process for farms to receive and
land-apply food waste, food processing waste, or other organic waste on agricultural land. As a
result, a number of NY farms have been paid a tipping fee to receive whey and other food
processing byproducts and directly land-apply them for many years. The farm incurs costs to
temporarily store and then to land-apply the food waste. Co-digesting food waste has the
potential to provide increased incremental value. The location of various food processors in
relation to CAFO farms is shown in Figure 8.

There are three permits available from NYSDEC for farm importation of biomass wastes. They
are an exemption permit, registration permit, and a permitted site. The appropriate permit
depends primarily on the type of waste but sometimes also on the quantity. An overview of each
is provided below:
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