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NOTICE 

 
This report was prepared by Curt Gooch P.E., Jennifer Pronto, and Rodrigo Labatut in the course of 
performing work contracted for and sponsored by the New York State Energy Research and 
Development Authority (hereafter “NYSERDA”).  The opinions expressed in this report do not necessarily 
reflect those of NYSERDA or the State of New York, and reference to any specific product, service, 
process, or method does not constitute an implied or expressed recommendation or endorsement of it.  
Further, NYSERDA, the State of New York, and the contractor make no warranties or representations, 
expressed or implied, as to the fitness for particular purpose or merchantability of any product, 
apparatus, or service, or the usefulness, completeness, or accuracy of any processes, methods, or other 
information contained, described, disclosed, or referred to in this report.  NYSERDA, the State of New 
York, and the contractor make no representation that the use of any product, apparatus, process, 
method, or other information will not infringe privately owned rights and will assume no liability for any 
loss, injury, or damage resulting from, or occurring in connection with, the use of information contained, 
described, disclosed, or referred to in this report. 
 
AD systems are dynamic in nature, and tend to have elements that are subject to change according to 
management decisions made on the farm.  The farm and digester information in this report is specific to 
the time period the performance evaluation took place, and could be substantially different at other 
points in time.  Subsequent to the completion of the data gathering phase of the monitoring project, 
several elements in the AD systems monitored were changed.   
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Summary and Conclusions 

Seven New York State on-farm dairy manure-based anaerobic digester systems were monitored for one 

year following the Association of State Energy Research and Technology Transfer Institutions (ASERTTI) 

performance evaluation protocol (ASERTTI, 2007).  At each farm the performance evaluation of the 

anaerobic digester (AD) system included a comprehensive, bi-weekly sampling and data collection 

procedure to record measurements of several components in the system, including material flow and 

composition, biogas production, energy generation and heat usage.  The ASERTTI protocol 

recommended at a minimum that monthly samples of AD influent and effluent be collected; however, 

samples and measurements taken in accordance with the protocol were performed twice as often as 

recommended (i.e. every 15 days) for the 12 months of monitoring.  Several additional analyses were 

performed on data collected, and the results of these along with the recommended ASERTTI analyses 

are together included in this report.  

 

The seven monitored AD systems were located in central and western New York State.  Farm size ranged 

from 550 to over 1,500 lactating cows.  All but one of the farms digested dry cow and heifer manure 

along with lactating cow manure and at the end of the project three additional farms were importing 

substantial amounts of substrates for co-digestion from one of the seven at project initiation.  All of the 

AD systems were constructed within the last 12 years with all but one of them constructed since 2002.  

Five of the digesters were plug-flow systems while two were mixed systems. 

 

Prior to the start of monitoring, a pre-evaluation period involved collection of AD influent and effluent 

samples in accordance with the recommended pre-evaluation sampling schedule of the ASERTTI 

protocol, roughly once per month.  When an Analysis of Variance (ANOVA) was performed on the 

resulting laboratory data, it was found there were some farms that had no statistical difference in the 

means of total solids (TS) and total volatile solids (TVS) for both influent and effluent samples, and some 

farms that had significant differences between them.  For the farms that had no statistical differences 

between sampling trials, this indicated representative influent and effluent samples had been obtained.  

For the farms that did display statistical differences, attempts were made on subsequent sampling visits 

to obtain a more comprehensive sample.     
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Also prior to the start of the ASERTTI performance evaluation period, it was determined that each of the 

farms’ AD systems met the ASERTTI 2007 established pre-requisite for evaluation of plug-flow or 

complete-mixed digesters that, “continuous operation for a period equal to the sum of at least five 

hydraulic retention times (HRTs) after startup phase had been completed.”   

 

It is important to note that information in this report regarding farms and AD systems operating 

information is associated with the monitoring time period, and may have since changed at some or all of 

the farms.  The two largest farms, as determined by cows milked, were Noblehurst and Sunny Knoll 

farms, which correspondingly had the highest calculated volumes of manure influent to the AD, 3,900 

ft3/day and 3,500 ft3/day, respectively.  Ridgeline was the smallest farm and digested the lowest volume 

of manure.  The total volume of influent to the AD system, however, displayed much different results 

due to the inclusion of imported non-manure feedstocks at some farms.  At the conclusion of the study, 

there were four farms co-digesting substantial volumes of imported substrates.  Patterson farms had the 

highest volume of imported feedstocks, as well as the highest diversity of feedstock sources.  However, 

Ridgeline had the highest imported feedstock to total influent ratio – the co-digestion ratio, on both a 

volatile solids (VS) and volume basis.  Correspondingly, Patterson farms had the highest annual mass of 

imported nutrients (N, P, K). 

 

Using project developed AD system mass flow data, the operating average hydraulic retention time 

(HRT) for each of the digesters was calculated, and it was found that Noblehurst farm had an average 

HRT (22 days) nearest to the reported design HRT (23 days).  The calculated average HRT of all seven 

digesters was 31 days. 

 

The design operating temperature of each digester system was 100°F, in the mesophilic temperature 

range.  The actual operating temperature was measured at each farm and it was found that the lowest 

average operating temperature (93° F at Ridgeline) was 7° F below the design temperature, and the 

highest average operating temperature (105° F at Emerling) was 5° F above the design temperature.  

Temperatures higher than the design value can decrease the stability of the digestion processes, while 

temperatures lower than the design value can decrease biogas production as well as overall 

performance of the system (Parkin, 1986).  
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The waste stabilization, calculated as the percent change between the influent and effluent, of total 

solids (TS), total volatile solids (TVS), volatile acids as acetic acid (TVA), and chemical oxygen demand 

(COD), was demonstrated, substantiating that the reductions were attributed to the AD system.  The 

concentrations of all organic constituents (i.e., TS, TVS, TVA, and COD) were found to decrease through 

the digestion process for each of the seven farms, demonstrating waste stabilization due to the 

digestion process.  The average waste stabilization among all seven farms for TS, TVS, TVA and COD was 

29.5, 35.1, 79.9, and 48.0%, respectively.  For the four farms co-digesting manure with imported 

substrates, the average reduction for TVS and COD was 37.6% and 49.7%, respectively.  For the three 

manure-only digesters, the average reduction for TVS and COD was 28.27% and 41.83%, respectively.  

Overall, among the seven farms there was a 35% reduction in organic matter based on TVS and a 48% 

reduction based on COD. 

 

Average daily measured biogas production for the monitoring project varied significantly between the 

seven farms (39,700 to 171,600 ft3/day), and total biogas production was highest at Patterson and 

Ridgeline farms, 62.8 and 32.5 million ft3 over the course of the monitoring project, respectively.  All 

seven farms used a portion of the biogas to generate electricity in an electrical generation unit (six 

engine-generator sets and one microturbine), two farms combusted a portion of the biogas in a boiler, 

and every farm combusted excess biogas by using a flare (biogas to the flare at Emerling farm was not 

measured since the equipment was inadvertently destroyed at the farm in an incident early on in the 

project).   Ridgeline farm had the highest calculated volume of biogas produced per pound of VS 

consumed by the digester (29 ft3/lb VS), while the two digester cells at Noblehurst farm had the lowest 

(5.5 ft3/lb VS).   

 

The concentrations of various biogas constituents were analyzed in the field during each sampling event.  

The average biogas hydrogen sulfide (H2S) concentration over the seven farms was 2,705 ppm or 0.27%.  

The average carbon dioxide (CO2) concentration over the seven farms was 44%, while the average 

calculated (100% - [CO2]) methane (CH4) concentration was 68% after accounting for water vapor 

present in the biogas (average of 3.87% water vapor).  The biogas produced at Ridgeline and Sunny Knoll 

farms had significantly higher concentrations (65% and 64%, respectively) of methane as observed with 

the field sampling methods.  The average methane concentration as determined through laboratory 
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testing of gas samples taken from each of the seven farms yielded an average of 60% across all seven 

farms. 

 

The average calculated thermal value of the biogas, using the CH4 content as measured in the field-

based trials, was 601 Btu/ft3.  As can be expected, the two farms with the highest methane 

concentrations (Ridgeline and Sunny Knoll) had the highest biogas thermal values.   

 

The performance monitoring project tracked the electricity generated by each of the seven farms, 

although one farm’s electrical generation unit, a 75-kW microturbine, was only in operation for five of 

the twelve months of data collection.  Patterson and Sunny Knoll farms generated the most overall 

electricity during the year long monitoring project, 1,567,900 and 1,010,700 kWh, respectively, while 

Patterson displaced the highest amount of energy used on-farm, 1,211,000 kWh.  AA Dairy generated 

the least amount of electricity, 333,800 kWh, most likely due to a comparatively small engine-generator 

set size and an inordinately aged electrical generation system. 

 

The average biogas volume needed to generate 1 kWh of electricity was 28 ft3/kWh over all seven farms.  

AA Dairy engine-generator set required the largest volume of biogas to produce 1 kWh of electricity, on 

average 44 ft3, making it the least efficient energy conversion system, while Sunny Knoll’s set required 

18 ft3, the lowest amount, and thus the most efficient.   

 

The average capacity factor, the ratio between the energy produced and the energy that could have 

been produced over the same time period, for the monitoring project was highest at Ridgeline farm 

(capacity factor = 0.95).  The farm also had one of the highest online efficiencies (which is the percent of 

time producing electricity) of 97.2%.  AA Dairy and New Hope View Farm had the lowest capacity 

factors, 0.35 and 0.19, while New Hope View Farm and Noblehurst had the lowest online efficiencies, 

74.2 and 79.6, respectively.  Some of the low values can be explained by an older electrical generation 

system at AA Dairy, and the use of a microturbine at New Hope View farm that went out of service five 

months through the performance monitoring period.  Ridgeline, Patterson and Sunny Knoll farms had 

the three highest online efficiencies, 96 – 97 percent, respectively. 
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The average thermal conversion efficiencies of the six engine-generator sets and one microturbine, to 

convert biogas to electricity, were all very similar, with the exception of AA Dairy.  Excluding AA Dairy, 

the six digesters averaged 26% thermal conversion efficiency. 

 

The Patterson Farm combustion heat recovery system recovered the most thermal energy (7.0 

mmBtu/day) from the engine-generator set, which is logical since this system has the largest generating 

capacity (200-kW).  New Hope View used the most thermal energy (8.4 mmBtu/day) to heat the AD, 

most likely due to the large distance (several hundred feet) between the heat generation and heat 

recovery units and the AD.  This presents a situation where significant heat can be lost during transfer 

between the two locations, and additional heat must be used to overcome this loss.  Noblehurst used 

almost all heat recovered from the engine-generator set for AD heating, there was comparably a very 

small amount of thermal energy dumped to the ambient (0.42 mmBtu/day).  AA Dairy and Patterson 

Farm however, had a higher amount of thermal energy left after satisfying the AD system heating needs, 

2.4 and 2.97 mmBtu/day respectively.   

 

A total cost/benefit analysis was performed for each of the seven systems to analyze the overall 

economic impact of the cost of the system with the revenues realized in each individual situation.  The 

largest benefit was realized at Patterson Farms ($/yr.) and the lowest at Emerling Farm ($/yr.).  The 

highest cost savings, due to the offset of purchased electricity costs, were realized by Patterson Farms 

($/yr.).  Revenues of each AD system were calculated based on tipping fees and carbon credit sales.  No 

farm produced more electrical energy than they used during the monitoring time frame and therefore, 

due to the terms of the net metering law, no farm received revenue for electrical energy sent to the grid 

and thus no revenue was received for electricity sales during the monitoring time frame.  By a significant 

margin, the highest annual revenues were realized by Patterson farms ($647,279) due to estimated 

tipping fees.  The most promising economic outlook of the farms’ AD systems, based on information 

available, was at Patterson Farm.  The most complete data set of costs and revenues was obtained at 

Patterson farms, which exhibited a highly positive economic impact for the farm, with an annual 

economic benefit of over $400,000. 
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Introduction 

New York State is the third largest dairy state in the U.S., and produces over 15 million tons of manure 

each year.  In light of more stringent regulations designed to reduce nutrient loading and contamination 

of water bodies, an increasing number of farms are investigating anaerobic digestion technology as a 

component of an overall manure management strategy.   

 

Anaerobic digestion can be coupled with combined heat and power (CHP) systems (i.e., electrical 

generation and thermal recovery systems) to supplement on-farm energy needs.  By reducing odor 

emissions from aerobically degrading manure, anaerobic digestion systems allow for better timing of 

recycling manure to cropland, resulting in the reduction of runoff of nutrients and pathogens to nearby 

water bodies.  Digester systems also reduce the farm’s greenhouse gas (GHG) impacts, by capturing and 

combusting methane (CH4) gas.   

 

The Association of State Energy Research and Technology Transfer Institutions (ASERTTI) Performance 

Evaluation Protocol (ASERTTI, 2007) was used to guide collection and compilation of performance data 

for seven anaerobic digester (AD) systems.  The goal of the ASERTTI Protocol is to provide system 

developers with a standard approach for quantifying the performance of their systems, and to allow for 

comparisons of both similar and different types of systems based on directly comparable and unbiased 

information (ASERTTI, 2007).   The protocol was to be conducted for a period of 12 continuous months, 

however the duration of the monitoring period varied from farm-to-farm.  The starting and ending 

monitoring dates and the total duration of the monitoring for each of the farms, is shown in Table 1. 

 

Table 1. Monitoring starting and ending dates  
Farm Start date End date

 
Duration (months) 

AA Dairy (AA) November 2008 November 2009 12 

New Hope View (NHV) April 2008 April 2009 12 

Ridgeline (RL) September 2008 May 2009 9 

Noblehurst (NH) October 2008 October 2009 12 

Patterson (PAT) March 2008 March 2009 12 

Sunny Knoll (SK) June 2008 April 2009 11 

Emerling (EM) April 2008 March 2009 12 
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Each time a site was visited in accordance with the performance monitoring project, samples were taken 

of digester influent, digester effluent, and imported AD feedstocks (when applicable); on-site biogas 

analyses were performed and biogas samples were taken, farm logs and animal population data were 

collected, and readings were recorded from several pieces of AD system monitoring equipment.  It 

should be noted here that the ASERTTI protocol specifies once-per-month sampling, but for this project, 

sampling was performed every two weeks to conform to the request of the New York State Energy 

Research and Development Authority (NYSERDA), the funding agency for this project.   

 

For purposes of clarity in this report, each site visit was referred to as a ‘sampling event’ even though 

much more was performed than sampling of material, and the entire “year” of monitoring is referred to 

as the entire monitoring project, or monitoring project time frame, as it was not exactly 365 days in 

duration.  Additional substrates besides manure, which were co-digested in some AD systems, are 

referred to as ‘imported AD feedstocks’.  The distinction is made, where necessary, between substrates 

generated on-farm (i.e. bunk leachate or wash water) and substrates imported from off-farm entities.   

 

The seven New York State dairy farms that participated in the project were AA Dairy (AA) in Candor, 

New Hope View Farm, LLC (NHV) in Homer, Ridgeline Farm (RL) in Clymer, Noblehurst Farms, Inc. (NH) in 

Linwood, Patterson Farms, Inc. (PAT) in Auburn, Sunny Knoll Farms, Inc. (SK) in Perry, and Emerling Farm 

(EM) in Perry.  Plug-flow digesters were built at AA, NHV, NH, SK, and EM, while mixed digesters were 

constructed at RL and PAT. 

 

The objectives of this project were to: 

1) Measure and characterize the system inputs and outputs 

2) Evaluate performance of the system 

3) Transfer the findings of the work to participating digester system operators, farmers, 

agricultural consultants, equipment designers, digester service businesses, government 

agencies, and others who can use the project results to optimize the performance of 

digester systems and increase their energy, environmental and economic benefits. 
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Anaerobic Digestion Overview 

The anaerobic digestion process biologically converts organic matter (agricultural by-products), in a 

multi-step process, into biogas.  Methane (CH4) and carbon dioxide (CO2) are the two predominate gases 

that make up biogas with concentrations typically in the range of 55 to 68 and 32 to 45 percent, 

respectively.  Biogas also contains trace gases, most notably hydrogen sulfide (H2S).  Biogas can be used 

as a fuel source for electrical generation units (reciprocating engine-generator sets and microturbines) 

to produce electricity for on-farm use and for sale to the grid, and for use in boilers to make hot water 

for heating purposes.  The biomass residue remaining after digestion contains less volatile organic 

matter, so has fewer odors (Parsons, 1984) and can be recycled as organic nutrients on the farm’s land 

base or sold. 

Energy Production 

The amount of energy produced by an anaerobic digester depends on many factors including operating 

temperature (both magnitude and consistency), percent of biologically degradable organic material in 

the feedstock, and retention time.  A rule of thumb is on-farm anaerobic digesters that process dairy 

manure can produce sufficient energy from ten cows worth of manure to make about one kW of power 

(Koelsch et al., 1990).  Any additional food waste co-digested with manure is likely to increase energy 

production. 

Farm Information 

Detailed information for each farm participating in the study can be found in the individual case studies, 

which include the digester system layout, biogas utilization system, combined heat and power (CHP) 

information, manure handling system description, economic information, system advantages and 

disadvantages, lessons learned, and farm contact information.  A web site link to each case study can be 

found at http://www.manuremanagement.cornell.edu/. Basic information about the farms’ livestock 

operation is provided in Table 2. 
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Table 2. General information about the farm’s livestock operation 

Name of operation AA Dairy 
New Hope View 

Farm, LLC 
Ridgeline Farm 

Noblehurst 
Farms, Inc. 

Patterson Farms, 
Inc. 

Sunny Knoll 
Farms, Inc. 

Emerling Farm 

Type of operation Dairy Dairy Dairy Dairy Dairy Dairy Dairy 

Land base (acres) 2,200 2,000 1,800 2,000 2,400 2,000 1,700 

Dairy Information
1
 

Breed Holstein Holstein Holstein Holstein Holstein Holstein Holstein 

Average no. lactating 
cows 

562 815 548 1,529 858 1,269 1,000
2 

Average no. dry cows none to AD 114 none to AD 88 16 138 106 

Average no. 
replacements (to AD) 

10 none none none 372 401 255 

Fraction of manure 
collected for AD 

100% 100% 100% 100% 100% 100% 100% 

Type of manure 
collection system 

Alley scrapers Alley scrapers Alley scrapers Alley scrapers Alley scrapers Alley scrapers Alley scrapers 

Frequency of manure 
collection 

Constant Constant Constant Constant Constant Constant Constant 

1
The animal numbers shown represent average values for those animal units on the farm that contributed manure to the AD (data collected during the 

performance monitoring project). 
2
After data collection at Emerling Farm was completed, it was discovered that the data representing the population of lactating cows was incorrectly gathered, 

and yielded a far lower population than was actually contributing manure to the AD.  The farm estimated that over the monitoring time frame, a more accurate 
estimate of lactating cow population was approximately 1,000 animals.  
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Anaerobic Digestion (AD) Systems 

A generalized flow diagram of an on-farm anaerobic digester system is shown in Figure 1.  This diagram 

shows optional components and characteristics which were not present for all farms.  Specific details on 

components and system characteristics found in each farm AD system are shown in Table 3.  

 

 

Figure 1. Generalized flow diagram of an anaerobic digestion system; optional components/characteristics to 
the farms are represented by dotted-line shapes; detailed description of each farm’s components can be found 
in Table 3. 
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Table 3. Anaerobic digester and biogas utilization systems 
Farm  AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Type of digester Plug-flow Plug-flow Complete-mixed Plug-flow Complete-mixed Plug-flow Plug-Flow 

Year commissioned 1998 2001 2001 2003 2005 2006 2006 

System designer RCM Digesters  RCM Digesters RCM Digesters Cow Power RCM Digesters RCM Digesters RCM Digesters 

Digester design assumptions 

Number and type of 
animals 

1,034 mature 
Holstein 

equivalents 

1,000 dairy cow 
equivalents 

ND 
1,100 mature 

Holstein 
equivalents 

1,800 mature Holstein 
equivalents 

1,400 mature 
Holstein 

equivalents 
ND 

Average live 
weight/average milk 

production 

1,400 lbs live 
weight 

75 lbs milk 
production 

1,350 lbs live 
weight  

78 lbs milk 
production 

ND 

1,400 lbs live 
weight 

75 lbs milk 
production 

1,400 lbs live weight 
75 lbs milk production 

1,400 lbs live 
weight 

75 lbs milk 
production 

ND 

Freestall bedding material 
Sawdust / 

Shredded paper 
Sawdust Sawdust 

Post-digested 
separated solids 

Sawdust / 
Post-digested 

separated solids 
Sawdust 

Post-digested 
separated solids 

Manure volume ND 2.3 ft
3
/cow-day ND 

3,850 ft
3
/day 

(wastewater 
included) 

ND ND ND 

Wastewater volume 
(ft

3
/day) 

ND 0.40 ft
3
/day ND 

Incl. in manure 
influent volume 

None ND ND 

Other waste volume(s) 
(gal/day) 

ND None ND None 
6,000 gal/day 
imported AD 
feedstocks  

ND ND 

Pre-treatment for AD ND None ND None None None ND 

Treatment of AD effluent ND None 
Solid-liquid 
separation 

Solid-liquid 
separation/long-

term storage 
post-digested 

separated liquids  

Earthen storage then 
land application by 

liquid tanker 
None ND 

Method of AD effluent 
storage 

Earthen storage 
lagoon 

SlurryStore® 
Earthen storage 

pond 
Earthen storage 

lagoon 

Earthen storage pond/ 
secondary lagoon for 

overflow 

Earthen storage 
lagoon 

ND 

ND: No data available 
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Table 3 (continued) Anaerobic digester and biogas utilization systems  
Farm  AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Digester physical description and equipment 

General description 

Below-grade; cast-
in-place concrete 

vessel; flexible 
cover (Hypalon 

45) 

Below-grade; cast-
in-place concrete 

vessel; flexible 
cover (Hypalon 45) 

Below-grade cast-
in-place; concrete 

vessel; covered 
with two semi-
flexible plastic 

covers 

Below-grade; 
concrete vessel;  
concrete flat top 

cover 

Partially below-
grade; concrete 

vessel; semi-
flexible cover 

Below-grade; 
concrete vessel;  
soft top cover 
(Hypalon 45) 

Below-grade 
cast-in-place; 
rectangular 

concrete vessel; 
soft top cover 
(Hypalon 45) 

Dimensions  (w, l, h) 30’ x 130’ x 14’ 30’ x 118’ x 19’ 68’ x 78’ x 16’ 50’ x 120’ x 16’ 100’ x 110’ x 16’ 34’ x 191’ x16’ ND 

Insulation 

Two inches of 
Polystyrene 

insulation in top 
cover, sidewalls 

and endwalls 

Two inches of 
Polystyrene 

insulation in top 
cover, sidewalls 

and endwalls 

Two 2” layers of 
insulation 

between plastic 
layers in cover 

Top: 4 in. 
insulation and 8 
in. soil; side and 
end walls: 3 in. 

insulation; floor: 
2 in. insulation 

Two 2” layers of 
insulation 

between plastic 
layers in cover 

Two inches of 
Polystyrene 

insulation in top 
cover, sidewalls 

and endwalls 

Two 2” layers of 
insulation 

between plastic 
layers in cover 

Operating volume 408,408 gallons 503,140 gallons 634,783 gallons 713,143 gallons 
1.3 million 

gallons 
781,207 gallons 

1,200,000 
gallons 

Influent pump  
 

Houle® piston 
pump (model #: 
00-653 P-E-7.5 

Hp) 

Houle® piston 
pump (model #: 
1102-01653-7.5 

Hp) 

Flygt® centrifugal 
pump (model #: 

3152-20 Hp 

Houle® 
centrifugal pump 
(model #: 1903-
02248-121516) 

Houle® 
centrifugal pump 
(model #: 0806-
050885-121610) 

Houle® influent 
piston pump 

(model #: 1102-
0509985-7.5 Hp) 

Houle® piston 
pump (model #: 

NA 7.5 Hp 

Design HRT 37 days 20 days 20 days 23 days 22 days 18 days 20 days 

Design operating 
temperature 

100°F 100°F 100°F 100°F 100°F 100°F 100°F 

ND: No data available
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Table 3 (continued). Anaerobic digester and biogas utilization systems  
Farm  AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Biogas utilization 
Generation of 

electricity 
Generation of 

electricity/boiler 
Generation of 

electricity 
Generation of 

electricity 
Generation of 

electricity 
Generation of 

electricity 
Generation of 

electricity 

Type of electric 
generation unit 

Internal 
combustion 

engine; 130-kW 
Caterpillar 

Microturbine; 70-kW 
Ingersoll-Rand 

Internal 
combustion 

engine; Waukesha 
1905; 130-kW 

Internal 
combustion 

engine; 
Caterpillar  

3406NA 130-kW 

Internal 
combustion 

engine; Caterpillar 
G379; 200-kW 

Internal 
combustion 

engine; 
Caterpillar G379 

230-kW 

Internal 
combustion 

engine; 
Caterpillar  G379 

230-kW 

Component 
integration and 

installer 
ND Ingersoll-Rand Martin Machinery Perennial Energy Martin Machinery 

Martin 
Machinery 

Martin 
Machinery 

Stand-alone capacity Yes Yes Yes Yes Yes Yes Yes 

Biogas pre-treatment None 
Iron sponge to 

reduce hydrogen 
sulfide 

None None 
Biological system 

to reduce 
hydrogen sulfide  

None None 

Exhaust gas emission 
control 

None None None None None None None 

Utility interconnect 
NYSEG; net 

metering contract 
National Grid; net 
metering contract 

National Grid; net 
metering contract 

National Grid; net 
metering contract 

NYSEG; net 
metering contract 

NYSEG; net 
metering 
contract 

NYSEG; net 
metering 
contract 

Engine-generator set 
waste heat utilization 

Heat source: 
exhaust gas; 
Waste heat 
utilization: 

digester heating 

Heat source: exhaust 
gas; 

Waste heat 
utilization: digester 

heating 

Heat source: 
reclaimed engine 

heat of 
combustion; 
Waste heat 
utilization: 

digester heating 

Heat source: 
reclaimed engine 

heat of 
combustion; 
Waste heat 
utilization: 

digester heating 

Heat source: 
reclaimed engine 

heat of 
combustion; 
Waste heat 
utilization: 

digester heating 

Heat source: 
reclaimed engine 

heat of 
combustion; 
Waste heat 
utilization: 

digester heating 

Heat source: 
reclaimed engine 

heat of 
combustion; 
Waste heat 
utilization: 

digester heating 

“As built” cost of 
total system 

$363,000 $984,400 $622,520 $747,700 $1,508,630 $1,084,500 ND 

Cost basis 
Farm labor; hired 

general contractor 
Turn key; hired  

general contractor 

Hired general 
contractor; 

involved farm 
labor 

Hired general 
contractor; 

involved farm 
labor 

Hired general 
contractor; 

involved farm 
labor 

Hired general 
contractor; 

involved farm 
labor 

Hired general 
contractor; 

involved farm 
labor 

ND: No data available
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Methods and Materials 

This section explains in detail the collection of project data, digester influent and effluent sampling and 

analysis, farm logs, equipment and instrumentation purchased and installed, dairy cattle population and 

bedding quantification, and also provides an overview of pump performance tests that were conducted.  

Details about each are discussed in depth below.   

 

Pre-Evaluation Period 

The ASERTTI protocol asked for “adequate evidence” that the physical and chemical characteristics of 

the digester influent and effluent mean values were representative.  To this end, an initial influent and 

effluent sampling and laboratory analysis (in triplicate) for TS and TVS was performed three times (one 

sample of influent and effluent was taken every HRT for three consecutive HRT’s).  An analysis of 

variance (ANOVA) was used to test the difference between the means of TS and TVS concentrations of 

three pre-sampling trials for both the digester influent and effluent.   

 

Data Collection 

During each bi-weekly sampling event, measurements were taken, equipment readings were recorded 

and influent and effluent samples were obtained.  Data collected during each sampling event (where 

applicable) included: 

 Date and time of readings 

 Cumulative biogas volume from flow meters and instantaneous biogas temperature and 

pressure  

 Biogas H2S and CO2 concentrations 

 Electricity generation system run time  

 Cumulative electrical energy produced by electricity generation system 

 Instantaneous electrical output of electricity generation system  

 Cumulative electricity received from and delivered to the grid 

 Influent pump run time/number of strokes 

 Biogas blower run time 
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 Instantaneous digester internal temperature 

 Instantaneous heating loop water temperature to/from AD 

 Instantaneous heating loop water temperature to/from electricity generation system 

 Daily animal populations since previous sampling event 

 Samples of imported AD feedstock(s), digester influent and effluent 

 Density of digester influent 

 

Sample Collection 

Overall, digester influent and effluent samples were collected with the goal of obtaining representative 

samples.  For each sampling event, a series of 1-liter grab samples were obtained for both digester 

influent and effluent and aggregated in a bucket until approximately five gallons of each were collected.  

The protocol indicates that this process should take approximately one hour to complete, however, 

experience showed that on average, it took about 20 minutes to aggregate enough 1-liter grab samples 

to fill a five-gallon bucket.  The aggregated grab samples were then agitated using a paint mixer 

powered by a portable electric drill until visibly determined to be homogenized.  A 1-liter composite was 

immediately taken and stored on ice, and subsequently sent for laboratory analysis usually within 24 

hours of sample collection.  Samples were taken in this fashion approximately every 15 days over a 12-

month period, when possible for each farm.   

 

At farms where co-digestion was pursued, a 1-L sample of the imported AD feedstocks was also 

obtained every sampling event that material was available, immediately stored on ice, and sent for 

laboratory analysis usually within 24 hours of sample collection.  Whenever possible, a sample was 

obtained from a mixture of the pit containing imported AD feedstocks, however, at times the depth of 

material in the pit made it impossible to obtain a sample.  In these cases, a sample of any available 

single-source feedstock was obtained.   

 

All samples collected during the monitoring period were sent for analysis to Certified Environmental 

Services’ (CES) laboratory in Syracuse, NY, approved by the New York State Department of Health, 

Environmental Laboratory Approval Program (NYSDOH-ELAP #11246).  All AD influent and effluent 

samples were analyzed in triplicate for: total solids (TS), total volatile solids (TVS), chemical oxygen 



PRO-DAIRY Program - Cornell University | Methods and Materials 

 

- 16 -- 

16 - 

 

demand (COD), pH, and total volatile acids as acetic acid (TVA).  All imported AD feedstocks were 

analyzed for these same parameters plus for the following nutrient analyses (also performed in 

triplicate): total phosphorus (TP), ortho phosphorus (OP), total Kjeldahl nitrogen (TKN), ammonia (NH3-

N) and potassium (K).  CES completely blended each sample in a food processor and subsequently 

diluted the sample with de-ionized water; the amount of dilution depended on the concentration 

history of the sample.  CES followed the appropriate testing methods outlined in Table 4 for each 

parameter measured.   

 
Table 4. Sample analysis analytical methods used by CES laboratory.  Shaded cells show parameters measured 
only in imported feedstocks, i.e. farms co-digesting  

Parameter Testing Method 

Total Solids (TS) EPA 160.3 

Total Volatile Solids (TVS) EPA 160.4 

Fixed Solids (FS) EPA 160.4 

Volatile Acid as Acetic Acid (TVA) SM18 5560C 

Chemical Oxygen Demand (COD) SM18 5220B 

pH SW846 9045 

Total Kjeldahl Nitrogen (TKN) EPA 351.4 

Ammonia-Nitrogen (NH3-N) SM18 4500F 

Organic-Nitrogen (ON) By subtraction: TKN - NH3-N 

Total Phosphorous (TP) EPA 365.3 

Ortho Phosphorous (OP) EPA 365.3 

Total Potassium (K) EPA SW 846 6010 

 

Data Logs 

Most of the farms maintained AD system performance logs that were filled out daily, and were 

subsequently copied for the project during bi-weekly sampling events to collect farm-recorded data, 

including: 

 Imported AD feedstock(s) volume added to digester (gallons) 

 Electricity generation system instantaneous output (kW) 

 Electricity generation system total energy produced (kWh) 
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 Cumulative biogas to electricity generation system (ft3)  

 Cumulative biogas to flare (ft3) 

 Electricity generation system run time (hours) 

 Water temperature to/from digester and electricity generation system (°F) 

 Electric meter reading for energy  received from the grid (kWh) 

 Electric meter reading for energy  delivered to the grid (kWh) 

 Internal digester temperature (°F) 

 Biogas CO2 concentration (%) 

 

The farms that co-digested imported feedstocks with manure also maintained a separate log to track 

imported feedstocks.  This log tracked information such as: the date and time feedstock was delivered, 

the bill of lading number, the tanker identification number, the volume of imported AD feedstocks, the 

name of truck driver, and the type of feedstock.   

 

Project-generated logs were provided to the farm to be filled out daily to supplement the farm log; data 

collected through project-generated logs included: bedding (amount and type) used weekly, incidental 

non-manure farm-based substrates (amount and type) added to AD daily, and digester influent pump 

time clock/number of strokes reading.   

 

Instrumentation and Equipment 

The volume of biogas sent to the different components of the systems, as appropriate at each farm (e.g. 

electricity generation system, boiler, gas flare, etc.) was measured using a combination of ROOTS®, 

Sage®, and Fox® temperature and pressure compensated gas flow meters.  Both the Sage® and Fox® 

meters were inherently temperature and pressure compensated, however, the ROOTS® meters required 

an additional temperature and pressure compensating unit to be installed, which was purchased by the 

project and installed on all operating ROOTS® meters.  ROOTS® meters used 60°F and 1 atm to define 

standard conditions, while Fox® and Sage® meters both used 70°F and 1 atm to define standard 

conditions.   Existing ROOTS® meters were removed from service, cleaned, and tested (using a ROOTS® 

Model 5 Prover), prior to the start of monitoring.  Upon inquiry to the manufacturer regarding the 
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calibration of existing Fox® gas flow meters, the Fox® meter manufacturer stated there was no 

procedure for calibrating meters; they further stated that if the meter provided a reading it was 

functioning correctly.  Since all biogas flow streams did not have existing meters at the start of the 

project, several Sage® calibrated gas flow meters were purchased new, directly from the factory, and 

installed at the on-set of the performance monitoring, thus, no calibration was deemed necessary.    

 

The electricity received from the grid by the farm and delivered back to the utility was obtained by 

either of two methods, depending on the farm: 1) read directly from the electric service meter owned 

by the utility company, or 2) obtained from the electric bills sent by the utility company.   

 

A Sensidyne® precision gas detector tube pump was used in conjunction with three types of detector 

tubes to analyze biogas for carbon dioxide (CO2) and hydrogen sulfide (H2S) concentration.  Carbon 

dioxide was measured in the range of 5-50% using the American Society for Testing and Materials 

(ASTM) method D4984-06, and depending on the concentration, two ranges of H2S were analyzed: 0.1-

4.0% and 25-2,000 ppm using the ASTM method D4810-06.   

 

Additionally, Tedlar® bags were used to collect biogas samples for transport to the Agricultural Waste 

Management laboratory at Cornell University for same-day analysis by a gas chromatograph, using the 

method detailed in the individual reports. 

 

A list of all of the equipment used and corresponding specifications is provided in Table 5.   

 

Depending on the type of influent pump, the influent volume pumped to the AD system was quantified 

by one of two ways.  For farms with centrifugal pumps, a time clock, which measured the run time of the 

pump, was installed.  For farms using piston pumps, a bale counter, which measured the number of 

pump strokes, was installed.  The collected data (pump run time and number of strokes) along with the 

results of the pump performance tests was used to ultimately determine the influent mass transferred 

to the AD system. 

 



PRO-DAIRY Program - Cornell University | Methods and Materials 

 

- 19 -- 

19 - 

 

In order to determine the density of the influent to the AD, a hanging scale was used to weigh a subset 

of the influent material during each bi-weekly sampling event.  In turn, this density was compared to 

that of the same bucket filled with water, to calculate the specific gravity of the influent material.   
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Table 5. Specifications of equipment and instrumentation used in performance evaluation data collection 
Parameters measured AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Instantaneous power 
output (kW) 

Cumulative energy 
produced (kWh) 
Run-time (hrs) 

 

Engine-generator 
set control panel 

Installer: 
unknown 

Microturbine 
control panel 

Installer: Ingersoll-
Rand 

Engine-generator 
set control panel 
Installer: Martin 

Machinery 

Engine-generator set 
control panel 

Installer: Perennial 
Energy 

Engine-generator 
set control panel 
Installer: Martin 

Machinery 

Engine-
generator set 
control panel 

Installer: Martin 
Machinery 

Engine-
generator set 
control panel 

Installer: Martin 
Machinery 

Volume of biogas (ft
3
) 

to electricity 
generation system 

ROOTS® gas flow 
meter Model 

3M175 
Temperature and 

pressure 
compensation 

added
5 

ROOTS® gas flow 
meter Model 

3M175 
Temperature and 

pressure 
compensation 

added 

ROOTS® gas flow 
meter Model 

11M175 
S/N: 0126812 

Temperature and 
pressure 

compensation 
added 

ROOTS® gas flow meter 
Model 5M175 (both 

meters) 
S/N (gas meter 1): 

0413707 
S/N (gas meter 2): 

0413706 
Temperature and 

pressure compensation 
added

3
 

ROOTS® gas flow 
meter Model 

3M175 
S/N: 0532523 

Temperature and 
pressure 

compensation 
added 

ROOTS® gas 
flow meter 

Model 5M175 
S/N: 0530216 
Temperature 
and pressure 

compensation 
added 

ROOTS® gas 
flow meter 

Model 5M175 
S/N: 0531587 
Temperature 
and pressure 

compensation 
added 

Volume of gas (ft
3
) to 

flare 

Sage® gas flow 
meter

1,5 

Model SRG-05-18 

Total biogas 
volume – (engine 
volume + boiler 

volume) 

Sage® gas flow 
meter

1 

Model SRG-05-12 

Sage® gas flow meter
1 

Model SRG 

Fox® gas flow 
meter Model 

MFT2
5
 

S/N: 3728W 
 

Fox® gas flow 
meter Model 

FT2 
S/N: 3156W  

Sage® gas flow 
meter

1 

Model SRG-05-
12

4
 

Volume of biogas (ft
3
) 

to boiler 
N/A 

ROOTS® gas flow 
meter Model 

3M175 
Temperature and 

pressure 
compensation 

added 

ROOTS® gas flow 
meter Model 

3MSSM 
S/N: 9744819 

Temperature and 
pressure 

compensation 
added 

N/A N/A N/A N/A 

Total volume of 
biogas (ft

3
) produced 

Sum of flows 

ROOTS® gas flow 
meter Model 

11M175 
Temperature and 

pressure 
compensation 

added 

Sum of flows Sum of flows 

ROOTS® gas flow 
meter Model 

3M175 
S/N: 0544117 

Temperature and 
pressure 

compensation 
added 

Sum of flows Sum of flows 
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Table 5 (continued). Specifications of equipment and instrumentation used in performance evaluation data collection 
Parameters measured AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Electrical energy 
received from grid 

and delivered to grid 
(kWh) 

Electric utility 
meter 

Electric utility bills 

Electric utility 
meter 

Received: National 
Grid Model SS4S2L 

S/N: 05022564 
reading output: 

003 
 

Delivered: 
National Grid 

Model SS4S2L S/N: 
05022564 reading 

output: 001 

Electric utility meter 
Received: National Grid 

Model SS4S2L S/N: 
05022247 reading 

output: 001 
 

Delivered: National Grid 
Model SS4S2L S/N: 
05022247 reading 

output: 003 

Electric utility 
meter 

Received: NYSEG 
Model A1RQ+ 
S/N: 04597895 
reading output: 

015 
 

Delivered: NYSEG 
Model A1TQ+ 
S/N: 05082658 
reading output: 

001 

Electric utility 
meter 

Received: 
NYSEG Model 

unknown 
reading output: 

004 and 005 
 

Delivered: 
NYSEG Model 

unknown 
reading output: 

001 

Electric utility 
meter 

Heat (Btu) generated 
by boiler 

None 

Onicon System 10 
Btuh system and 
Onicon insertion 

turbine flow 
meter S/N: 

159341 

Not measured Not measured Not measured Not measured Not measured 

Heat (Btu) recovered 
from electricity 

generation system 

Onicon System 
10 Btuh system 

and Onicon 
insertion turbine 

flow meter 

Onicon System 10 
Btuh system and 
Onicon insertion 

turbine flow 
meter S/N:  

159343 

Not measured 

Onicon System 10 Btuh 
system and Onicon 

insertion turbine flow 
meter 

CDH Energy 
Corporation data 

logging system 
Not measured Not measured 

Heat (Btu) used to 
heat digester 

Onicon System 
10 Btuh system 

and Onicon 
insertion turbine 

flow meter 

Onicon System 10 
Btuh system and 
Onicon insertion 

turbine flow 
meter S/N:  

159342 

Not measured 

Onicon System 10 Btuh 
system and Onicon 

insertion turbine flow 
meter 

CDH Energy 
Corporation data 

logging system 
Not measured Not measured 

Heat dump radiator Not measured Not measured Not measured 

Onicon System 10 Btuh 
system and Onicon 

insertion turbine flow 
meter 

CDH Energy 
Corporation data 

logging system 
Not measured Not measured 
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Table 5 (continued). Specifications of equipment and instrumentation used in performance evaluation data collection 
Parameters measured AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Carbon dioxide and 
hydrogen sulfide 
content of biogas 

Sensidyne® 
detector tube 

pump
1 

Model AP-20S 
 

Sensidyne® 
detector tubes

1 

CO2 (5-50%): No. 
126UH 

H2S (0.1-4.0%): 
No. 120SH 

Sensidyne® 
detector tube 

pump
1 

Model AP-20S 
 

Sensidyne® 
detector tubes

1 

CO2 (5-50%): No. 
126UH 

H2S (0.1-4.0%): 
No. 120SH 

H2S (25-2,000 
ppm): No. 120SF 

Sensidyne® 
detector tube 

pump
1 

Model AP-20S 
 

Sensidyne® 
detector tubes

1 

CO2 (5-50%): No. 
126UH 

H2S (0.1-4.0%): 
No. 120SH 

Sensidyne® detector 
tube pump

1 

Model AP-20S 
 

Sensidyne® detector 
tubes

1 

CO2 (5-50%): No. 126UH 
H2S (0.1-4.0%): No. 

120SH 
H2S (25-2,000 ppm): No. 

120SF 

Sensidyne® 
detector tube 

pump
1 

Model AP-20S 
 

Sensidyne® 
detector tubes

1 

CO2 (5-50%): No. 
126UH 

H2S (0.1-4.0%): 
No. 120SH 

H2S (25-2,000 
ppm): No. 120SF 

Sensidyne® 
detector tube 

pump
1 

Model AP-20S 
 

Sensidyne® 
detector tubes

1 

CO2 (5-50%): 
No. 126UH 

H2S (0.1-4.0%): 
No. 120SH 

H2S (25-2,000 
ppm): No. 

120SF 

Sensidyne® 
detector tube 

pump
1 

Model AP-20S 
 

Sensidyne® 
detector tubes

1 

CO2 (5-50%): 
No. 126UH 

H2S (25-2,000 
ppm): No. 

120SF 

Pump  
Runtime (centrifugal) 

or 
Strokes (piston) 

Bale counter on 
influent pit 

pump
1 

Redington Model 
1-4615 

Bale counter on 
influent pit pump

1 

Redington Model 
1-4615 

Time clock on 
influent pit pump

1
 

Redington® model 
722-0004 

Time clock on influent 
pit pump

1
 Redington® 

model 722-0004 

Time clock on 
influent pit 

pump
1
 

Redington® 
model 722-0004 

Bale counter on 
influent pit 

pump
1 

Redington 
Model 1-4615 

Bale counter on 
influent pit 

pump
1 

Redington 
Model 1-4615 

AD influent sample 
mass (lbs) 

9” dial hanging 
scale

1 

60 lbs with 1 oz. 
increments 

9” dial hanging 
scale

1 

60 lbs with 1 oz. 
increments 

9” dial hanging 
scale

1 

60 lbs with 1 oz. 
increments 

9” dial hanging scale
1 

60 lbs with 1 oz. 
increments 

9” dial hanging 
scale

1 

60 lbs with 1 oz. 
increments 

9” dial hanging 
scale

1 

60 lbs with 1 oz. 
increments 

9” dial hanging 
scale

1 

60 lbs with 1 oz. 
increments 

Biogas sample 
Tedlar® gas bags

1 

6” x 6” 
Tedlar® gas bags

1 

6” x 6” 
Tedlar® gas bags

1 

6” x 6” 
Tedlar® gas bags

1 

6” x 6” 
Tedlar® gas bags

1 

6” x 6” 

Tedlar® gas 
bags

1 

6” x 6” 

Tedlar® gas 
bags

1 

6” x 6” 

Methane (CH4) 
concentration 

Gas 
chromatograph

2 

SRI Instruments 
8610C 

Gas 
chromatograph

2 

SRI Instruments 
8610C 

Gas 
chromatograph

2 

SRI Instruments 
8610C 

Gas chromatograph
2 

SRI Instruments 8610C 

Gas 
chromatograph

2 

SRI Instruments 
8610C 

Gas 
chromatograph

2 

SRI Instruments 
8610C 

Gas 
chromatograph

2 

SRI Instruments 
8610C 

1
Equipment purchased by the project 

2
From the Cornell University Agricultural Waste Management Laboratory 

3
This AD system had 2 independent digester cells, therefore 2 flow meters were used for each engine inlet 

4
Not operative for most of the monitoring period 

5
Fox and Sage meters measure gas flow and report in standard units without the need for temperature and pressure compensation at 70°C and 1 atm.  Roots meters were 

outfitted with a compensation unit to report temperature and pressure at the standard units of 60°F and 1 atm. 
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Anaerobic Digester Influent 

Manure 

The daily number of animals contributing manure (urine and feces) to the AD systems was recorded 

during bi-weekly sampling events from each farm’s maintained population records.  The daily average 

population values for the sampling period were converted to the equivalent number of lactating cows 

supplying manure to the digester on a total solids basis (LCETS) for each non-lactating cow management 

group present on the farm.  For heifers, dry cows, and hospital barn cows, Equation 1, Equation 2, and 

Equation 3 were used, respectively.  In addition, to determine the amount of manure from both dry cow 

and hospital barn cow management groups on a volume basis (LCEV), Equation 4 was used, whereas 

Equation 5 was used to determine the amount of manure from heifer groups on a volume basis.   

 

Equation 1  

 

                  
(                                                     

          
          

)

                               
 

Where 8.2 = mass of TS in manure from an average heifer (ASABE, 2006) 

Where 20 = mass of TS in manure from an average lactating cow (ASABE, 2006) 

 

Equation 2 

 

                  

 
(                                                      

         
           

)

                               
 

Where 11 = mass of TS in manure from an average dry cow (ASABE, 2006) 

Where 20 = mass of TS in manure from an average lactating cow (ASABE, 2006) 
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Equation 3 

 
                            

 
(                                                                

         
           

)

                               
 

 

Where 11 = mass of TS in manure from an average dry cow (ASABE, 2006) 

Where 20 = mass of TS in manure from an average lactating cow (ASABE, 2006) 

 
Equation 4 

 

                 

 
(                                                      

             
           

)

             
                 

 

Where 1.3 = volume of manure from an average dry cow (ASABE, 2006) 

Where 2.4= volume of manure from an average lactating cow (ASABE, 2006) 

 
Equation 5 

 

                

 
(                                                     

              
          

)

             
                 

 

Where 0.78 = volume of manure from an average heifer (ASABE, 2006) 

Where 2.4= volume of manure from an average lactating cow (ASABE, 2006) 

 

Bedding  

Bedding material used on the farms to bed cattle freestalls consisted of one or more of the following: 

shredded paper, post-digested separated solids, and/or sawdust (see Table 3).  The volume of raw 

(clean) bedding used by each farm was roughly measured by accounting for the number of loads added 

to the bedding wagon by the farm each time stalls were bedded, and the results were recorded in 
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yd3/day.  However, in order to calculate total influent volume, this recorded bedding volume was 

adjusted to account for the fact that 1 yd3 of raw bedding material takes up less than 1 yd3 of digester 

volume once saturated with manure or other moisture source(s) using Equation 6, Equation 7, and 

Equation 8, for the shredded paper, post-digested separated solids, and sawdust, respectively.   

 

 
Equation 6 
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)

 
    

   
               

       

     
     

   

   
                    

                         

        
 

 

 
Equation 7 
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Equation 8 

 

                            (
   

   
)

 
    

   
                

       

     
     

   

   
                      

                         

        
 

 

Influent Pump Performance Testing 

A performance test was conducted for the centrifugal and piston pumps (see Table 3) located in the 

influent pits, which transferred material to the AD  
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The methodology used to ultimately determine the daily influent total mass pumped to the AD 

depended on the type of influent pump used.  For piston pumps, a 8,000-gallon liquid manure tanker 

was filled with influent material while the number of pump strokes was counted.  The tanker was 

weighed before (tare weight) and after being loaded at each farm using their truck scales.  The 

difference between the tare weight and loaded weight represented the weight of manure pumped. 

 

For centrifugal pumps, the influent pit was filled with influent material until nearly full, the influent 

pump was turned on, and as time passed, the depth of the material in the pit was measured and 

recorded at even time intervals.  The average flow rate was calculated by dividing the interval volume by 

the interval elapsed time.  The material volume was then converted to wet weight using the density of 

the pumped material as described above.  Additional details about the equipment and methodology 

used in the pump calibration test can be found in the individual farm reports and in Pronto and Gooch 

(2008). 
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Results  

Pre-Evaluation Period 

It was hypothesized that there would be no difference between the TS concentrations or the TVS 

concentrations for the influent for the three pre-sampling trials, in other words, the means would be 

similar for the influent TS concentration and for the influent TVS concentration and would pass the 

analysis of variance (ANOVA).  It was also hypothesized that there would be no difference between the 

TS concentrations or TVS concentrations for the effluent for the three pre-sampling trials, in other 

words, the means would be similar for the effluent TS concentration and for the effluent TVS 

concentration and would pass the analysis of variance (ANOVA).  For the majority of the farms involved 

in the performance monitoring, the pre-sampling trials all passed the ANOVA.  When results did prove to 

be significantly different among the three trials, as was the case at a few farms, slight variations were 

made in the sampling procedure, such as collecting samples over a longer period of time, in an attempt 

to obtain a representative sample.  Additional information on the ANOVA test and the results and 

analysis for each farm can be found in the individual reports. 

 

Upon review of the results of the ANOVA, it was decided that a more informative analysis would be to 

perform an ANOVA on samples taken from the influent and effluent streams that were collected on the 

same day, over several hours, following the same sampling procedure.  This would allow for 

comparisons to be made between samples of material that contained the same waste materials, in turn 

showing differences that would be due to sampling procedure, as opposed to differences that may exist 

in constituent concentrations that could be due to variations in waste materials present in the influent 

and effluent streams, as is the case with comparing samples from three different HRT’s.   
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Digester Influent 

Digester influent was composed of manure (urine and feces), bedding material, imported feedstocks for 

co-digestion, and other materials; these are quantified below. 

 

Dairy Cattle Manure 
The daily number of animals contributing manure (urine and feces) to the AD system was recorded from 

farm maintained population records, during each bi-weekly sampling event.  The average daily number 

of animals, i.e. total head, and the calculated values for lactating cow equivalents, (puts all animals in 

non-lactating animal management groups on an equivalent basis as a lactating cow, in terms of total 

solids content in manure, LCETS, as well as volume of manure, LCEV) over the total monitoring period for 

each farm is shown in Table 6.  Also in this table is the average predicted manure volume, which was 

determined using the calculated lactating cow equivalents for all management groups (LCEV), and the 

standard value of 2.4 ft3 manure/day for an average sized lactating cow (ASABE, 2006).  As observed in 

Table 6, the two largest farms, i.e. Noblehurst and Sunny Knoll farms, produced the highest volumes of 

manure; however, this did not translate to higher biogas production, as is discussed later in the report. 
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Table 6. Animal management group daily average populations and calculated average LCE on a TS and volume basis 

Farm 
Average 

number of 
lactating cows 

Average number 
of hospital barn 

animals 

Average 
number of 

heifers 

Average 
number of 
dry cows 

Total head LCETS
1 

LCEV
1
 

Calculated average 
manure volume 

(ft
3
/day)

3
 

AA Dairy 565 24 23 - 611 587 575 1,380 

New Hope View  815 31 - 208 1,053 946 944 2,266 

Ridgeline
2
  548 - - - 548 548 548 1,315 

Noblehurst  1,529 - - 160 1,688 1,617 1,615 3,876 

Patterson  858 29 372 16 1,275 1,035 1,003 2,407 

Sunny Knoll  1,269 - 401 138 1,808 1,509 1,474 3,538 

Emerling  1,000 138 255 106 1,499 1,239 1,034 2,482 
1
The LCE values do not account for non-manure AD feedstocks added 

2
Only lactating cows contributed manure to the AD system 

3
Determined by multiplying LCEV by the standard value of 2.4 ft

3
 manure/day for an average sized lactating cow (ASABE, 2006) 
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Bedding 

The amount of bedding material used to bed the freestalls at each farm was established by asking the 

farm employees to fill in project-generated logs, the as-is bedding volume is presented in the first 

column under each bedding type heading in Table 7.  After adjusting for bedding density using Equation 

6, Equation 7, and Equation 8, as appropriate for each farm, the volume of bedding commingled with 

manure and eventually included in the influent volume was determined, as shown in Table 7. 

 

 Table 7. Daily bedding volume to the AD system  
Farm Bedding volume 

 Chopped paper Post-digested separated solids Sawdust 

 (ft
3
/day)

1
 (ft

3
/day)

2
 (ft

3
/day)

1
 (ft

3
/day)

2
 (ft

3
/day)

1
 (ft

3
/day)

2
 

AA Dairy 108 23 - - 135 22 

New Hope 
View   

- - - - 501 80 

Ridgeline  - - - - 122 20 

Noblehurst  - - 841 270 - - 

Patterson  - - 625 199 8 1 

Sunny Knoll  - - - - 347 56 

Emerling  - - 834 267 - - 
1
Volume on an as-is basis, prior to commingling with manure 

2
Volume as commingled with manure  

 

 Imported Feedstocks  

Average daily and total for project mass of imported feedstocks are shown in Table 8 for the four farms 

that imported substantial levels of substrate for co-digestion.  Monthly records of imported feedstock 

were incomplete for Ridgeline and Sunny Knoll farms; therefore, the annual total mass for these two 

farms was estimated by multiplying the calculated average daily imported feedstock loading (measured 

over two months of collected data) by 365 days.  Imported feedstock records for every month of the 

entire monitoring project period were available for Noblehurst and Patterson farms, and thus, the 

numbers shown in Table 8 are deemed to be accurate.  Also, no imported feedstock data was available 

for Emerling Farms as explained in more detail in the individual farm report.  Based on the information 

shown in Table 8, it is apparent that Patterson Farms imported the largest mass of feedstock.  
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Table 8. Average daily and total annual mass of imported feedstock in co-digesting farms’ AD systems 

Farm  Ridgeline Noblehurst Patterson Sunny Knoll 

Daily loading (lbs/day) 50,394 19,168 169,514 3,442 

Total annual loading (lbs/year) 18,393,874
1
 6,955,550

2
 61,170,803

2
 1,256,361

1
 

1
Estimated: average daily loading × 365 days 

2
Actual mass recorded during the monitoring period 

 

Based on the digesters’ total influent masses (see next section) and the masses of imported feedstocks, 

the influent co-digestion ratio was calculated, and the results are shown in Figure 2.  The ratio, which is 

the total imported feedstock loading divided by the total AD influent loading, is presented on a VS and a 

volume basis.  Data suggest that the co-digestion ratio for Noblehurst Farm is the highest of all farms.  

However, no overall conclusions can be drawn from these data, as only two months of imported 

feedstock data were available for Sunny Knoll Farm, and Ridgeline Farm did not have sufficient data to 

estimate the ratio. 

 

 
Figure 2. Ratio of imported feedstock-to-total AD influent; the ratio is expressed on a TVS (blue bar) and volume 
(red bar) basis; Noblehurst and Patterson values were calculated based on data from 21 and 23 sampling 
periods, while Sunny Knoll values were projected based on data from only one sampling period.  

 

The total mass of nutrients (N, P, and K) imported to the farm on an annual basis is shown in Table 9.  

These values were determined using nutrient concentrations (mass/unit mass) as measured by 
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laboratory analysis (Table 16) and the mass (lbs/yr) of imported AD feedstocks (Table 8).  As expected, 

the largest total mass of imported nutrients of all the co-digesting farms was Patterson Farms, since 

they imported the largest mass of substrates per year (see Table 8).  The annual mass of nutrients 

imported by Ridgeline Farm may not be as accurate as that of the other farms, since it was based on 

only two months of imported feedstock volume data.  Also, no nutrient data were available for Sunny 

Knoll Farm. 

 
Table 9. Calculated annual mass (lbs/yr) of imported N, P, and K at co-digesting farms contained in off-farm 
feedstock.  Equivalent annual average No. of lactating cows are shown in parenthesis by nutrient

1
. 

Farm  Ridgeline Noblehurst Patterson Sunny Knoll 

TKN 89,082 (244) 80,206 (220) 144,410 (396) ND 

TP 12,048 (165) 6,640 (91) 59,336 (813) ND 

K 8,130 (111) 483 (7) 126,282 (1,730) ND 

ND: No data available 
1
Calculations based on using 1, 0.2, and 0.2 lbs/day of TKN, TP, and K, respectively of concentration in an average 

lactating dairy cow manure (ASABE, 2006). 

 

Digester Loading: Total Influent  

Depending on the farm, manure, on-farm generated non-manure substrates (e.g. bedding, milking 

center wastewater, etc.), and imported non-manure substrates, were transferred from the influent pit 

to the anaerobic digester using either a centrifugal or piston pump (see Table 3).  In order to determine 

the total influent mass added daily to the digester, bale counters were installed on piston pumps, and 

the pump volumetric efficiency was determined during the pump performance tests (Pronto and Gooch, 

2008).  For the same purpose, time clocks were installed on centrifugal pumps, and the flow rate of the 

pump was determined during the pump performance tests.  In addition, density and specific gravity of 

the farm’s raw manure were determined at each sampling event.  As mentioned above, specific details 

about the parameters measured and tests conducted during the pump performance tests at each farm 

can be found on the individual reports.  

 

Using the information obtained from pump performance tests, the influent mass pumped to the 

digester each day was calculated using Equation 9, for centrifugal pumps, and Equation 10, for piston 

pumps.  Using the pump flow rate and daily pump run time, as calculated each sampling period, the 

average daily influent mass was calculated and then estimated over an entire year to determine the 
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total annual influent mass; both values are shown, along with statistical values for minimum, maximum, 

standard deviation (SD), and sample size (n) for all seven farms in Table 10. 

 
 
Equation 9  

                 (
   

   
)                           

 
Where: 
PRD = Pump runtime per day from time clock (hours/day)  
60 = Time conversion (min/hours) 
Q = Pump flow rate, from pump performance tests (gal/min) 
8.4 = Mass per volume of water conversion (lbs/gal) 
SG = Specific gravity of manure (dimensionless) 
 

 

Equation 10 

 

                 (
   

   
)                       

 
Where: 
SPD = Strokes per day, from bale counter (day

-1
)  

V = Theoretical bore volume (ft
3
) 

η = Volumetric efficiency of pump, from pump performance tests (fraction) 
62.4 = Mass per volume of water conversion (lbs/ft

3
) 

SG = Specific gravity of manure (dimensionless) 



PRO-DAIRY Program - Cornell University | Results 

 

- 34 -- 

34 - 

 

Table 10. Daily average and annual total influent mass to the farms’ AD system 

Farm  AA Dairy
1
 

New Hope 
View

1
 

Ridgeline
1
 Noblehurst

2
 Patterson

1
 Sunny Knoll

1
 Emerling

1
 

Daily total influent mass (lbs/day) 

Average 115,768 302,987 87,726 278,171 645,499 198,956 393,349 

Minimum 36,582 216,134 64,591 261,335 471,272 129,284 109,172 

Maximum 177,285 381,587 142,482 316,663 1,118,588 293,312 655,327 

Standard deviation (SD) 36,058 38,682 18,631 15,395 145,483 43,922 241,251 

Sample size (n) 14 22 16 20 23 11 4 

Annual total influent mass (lbs/year) 

Total 42,255,320 110,590,255 32,019,990 101,532,415 235,607,135 72,618,940 143,572,385 
1
Values calculated based on pump calibration data 

2
Values calculated based on the theoretical dairy manure production and the bedding and imported AD feedstock volumes obtained from farm logs  
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Review of AD System Design Assumptions: Hydraulic Retention Time (HRT) 

The hydraulic retention time (HRT) is the theoretical length of time a particle remains in the treatment 

vessel.  In the case of an anaerobic digester, this measurement takes into account the treatment volume 

of the digester vessel, and the daily influent volume (Equation 11).  The design along with the calculated 

HRTs for each digester, taking into account the actual treatment volume and measured average daily 

influent volume, are shown in Table 11.  

 
Equation 11 

 

           
                                    

                                                      
   
   

 
 

 

Of the seven farm digesters, the AD system at Noblehurst Farm had a calculated HRT closest to the 

design HRT.  Although the average HRT of the AA Dairy digester was within four days of the design HRT, 

statistics show that data were highly variable throughout the monitoring period, with a range of 75 days 

and SD of 19 days.  The HRT for AA Dairy may be skewed higher than the design based on the fact that 

the digester was designed to handle manure influent from 1,000 dairy animals, while in reality the 

animal population currently feeding the digester is much less.  On the other hand, statistics suggest a 

fairly low variation of the actual HRT throughout the monitoring period in the New Hope View and 

Patterson digesters; however, both digesters’ average HRTs were 6-8 days different from the design 

HRT.  The HRTs of the remaining farm digesters were not only significantly different from the design HRT 

but also showed a large variation during the monitoring period.  Overall, the average calculated HRT of 

the seven farm digesters was 31 days.  

 

Review of AD System Design Assumptions: Digester Temperature 

The design digester operating temperature was 100°F (i.e., mesophilic temperature range) for all farm’s 

AD systems.  The average digester temperature as measured throughout the monitoring period for each 

farm is shown in Table 12.  Two farms, Ridgeline and Noblehurst experienced a lower operating 

temperature as compared with the design, and one farm, Emerling, experienced a higher operating 

temperature as compared with the design.  A temperature lower than design (i.e., optimal) temperature 
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is not as much of a concern to the stability of the system as is an operating temperature that is above 

the intended operating temperature of the system (van Lier, 1997).  This is because lower than optimal 

temperatures mainly decrease (slow down) the metabolism of microorganisms, whereas higher than 

optimal temperatures can have the potential of denaturing proteins, thereby decreasing the microbial 

population, which creates unstable conditions and eventually digester failure.  Operational 

temperatures lower than the design temperature will decrease the rate of biogas production (Parkin, 

1986).    
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Table 11. Actual calculated and design hydraulic retention times (HRTs) of each farm AD system 

Statistic AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling Average 

Average 34 14 62 22 16 32 23 31 

Minimum 19 11 37 20 9 21 15 19 

Maximum 94 20 79 24 21 47 34 53 

SD 19 2 10 1 3 7 10 - 

n 14 22 16 17 23 11 3 - 

Design HRT 37 days
1 

20 days 20 days 23 days 22 days 18 days 20 days  
1System designed for 1,000 cows but managed manure from 587 LCETS 

 

Table 12. Average digester temperatures (F) measured during the monitoring period in each farm AD system  

Statistic AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling Average 

Average ND 100 93 94 101 100 105 99 

Minimum ND 85 81 86 92 95 79 86 

Maximum ND 103 100 103 106 103 122 106 

SD ND 3 6 4 3 2 9 - 

n ND 26 14 22 26 22 21 - 

Design temperature 100
o
F  

ND: No data available  
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Digester Influent and Effluent: Constituent Quantification 

Anaerobic digester influent and effluent samples were analyzed in triplicate for TS, TVS, FS, pH, COD, 

and TVA.  In addition to these parameters, samples of imported AD feedstocks also underwent nutrient 

analyses in triplicate for TKN, NH3-N, ON, TP, OP, and K.  All triplicate results were averaged and the 

resulting average values each became a data point.  Suspect values for all laboratory data were tested to 

determine if they were outliers; outliers were defined as values that fell outside the range of three 

standard deviations beyond the mean.  Subsequent to the outlier test, the statistical parameters 

included on the resulting data set for each constituent analyzed based on sample size (n) were: average 

(Ave), minimum (min), maximum (max), and standard deviation (SD).  The results for laboratory analyses 

of the influent and effluent streams are shown in Table 13 and Table 14, respectively.   

 

With respect to the average data of the digesters’ influent and effluent samples, the concentration of all 

organic constituents, i.e. TS, TVS, TVA, and COD, decreased, and the pH level increased.  The 

concentration of inorganic FS increased in some farm AD systems and decreased in others.  This is 

discussed in the waste stabilization section of this report. 
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Table 13. Summary data of laboratory analysis for digester influent samples: TS, TVS, FS, COD, TVA and pH 

Constituent Statistic AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

TS (%) 

Average 11.86 10.55 11.72 10.74 7.7 11.01 9.23 

Minimum 5.97 7.33 9.17 6.57 5.43 8.24 4.86 

Maximum 18.87 12.87 14.1 16.4 9.47 12.9 13.9 

SD 2.71 1.4 1.19 2.35 1.09 1.38 2.09 

n 33 31 19 27 30 20 25 

TVS (%) 

Average 10.1 8.83 10.37 8.77 6.12 9.02 7.67 

Minimum 4.92 5.6 7.51 4.73 3.97 6.16 3.68 

Maximum 16.85 10.71 12.77 15.49 7.84 10.88 13.12 

SD 2.43 1.28 1.25 2.3 1 1.3 2.05 

n 33 31 19 27 30 20 25 

FS (%) 

Average 1.76 1.69 1.35 1.97 1.58 1.98 1.56 

Minimum 1.05 1.34 1.12 0.91 1.14 1.56 0.78 

Maximum 2.63 2.25 1.82 3.63 2.05 2.35 2.09 

SD 0.41 0.22 0.2 0.63 0.2 0.18 0.29 

n 33 30 19 27 30 20 25 

COD (mg/kg) 

Average 103,522 117,388 211,750 130,641 96,498 119,306 152,286 

Minimum 44,413 32,533 138,667 56,000 40,000 80,000 36,000 

Maximum 250,667 360,000 418,667 293,304 360,000 240,000 400,000 

SD 39,160 67,967 71,186 59,693 65,984 52,710 81,122 

n 30 27 17 24 26 16 21 

TVA (mg/kg) 

Average 4,220 4,652 4,268 4,246 4,177 4,351 3,469 

Minimum 1,705 2,773 2,956 452 1,773 2,742 1,950 

Maximum 6,410 6,540 5,750 8,256 7,692 5,983 5,408 

SD 1,386 1,131 835 1,457 1,331 909 1,004 

n 30 28 17 24 27 17 21 

pH 

Average 7.32 7.21 5.95 7.15 6.25 7.52 7.56 

Minimum 6.74 6.78 4.65 5.69 4.14 6.82 6.24 

Maximum 8.42 8.01 6.9 8.06 8.03 8.49 8.4 

SD 0.51 0.39 0.64 0.52 1.07 0.6 0.52 

n 30 27 17 24 27 17 21 
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Table 14. Summary data of laboratory analysis for digester effluent samples: TS, TVS, FS, COD, TVA and pH 

Constituent Statistic AA Dairy New Hope View Ridgeline Noblehurst Cell 1 Noblehurst Cell 2 Patterson Sunny Knoll Emerling 

TS (%) 

Average 7.71 7.98 6.22 8.03 6.82 5.41 7.1 7.89 

Minimum 3.7 6.5 5.37 6.43 5.70 4.63 6.29 6.77 

Maximum 10.23 9.32 7.65 11.28 9.03 6.78 7.84 11.27 

SD 0.93 0.73 0.57 1.31 0.90 0.5 0.56 1.07 

n 33 31 20 27 26 30 20 26 

TVS (%) 

Average 6.13 6.27 4.79 6.00 4.98 3.8 5.4 6.17 

Minimum 2.42 4.76 3.97 4.26 3.82 3.03 4.72 5.04 

Maximum 8.04 7.86 5.49 8.64 7.44 4.85 6.03 9.24 

SD 0.76 0.7 0.42 1.09 0.86 0.44 0.47 1 

n 33 31 20 27 26 30 20 26 

FS (%) 

Average 1.57 1.71 1.38 2.04 1.84 1.64 1.7 1.72 

Minimum 1.18 1.4 1.23 1.43 1.49 1.4 1.47 1.5 

Maximum 2.2 2.08 1.89 2.96 2.27 2.46 2.14 2.03 

SD 0.23 0.17 0.17 0.33 0.21 0.24 0.16 0.14 

n 33 31 19 27 26 31 20 26 

COD 
(mg/kg) 

Average 57,022 74,389 60,368 59,196 54,559 54,199 60,211 77,268 

Minimum 13,333 17,716 36,667 7,272 10,667 8,000 32,000 8,000 

Maximum 109,333 220,000 82,416 106,666 124,432 160,000 159,984 204,424 

SD 22,875 48,953 13,564 25,394 26,356 32,572 32,561 41,860 

n 30 28 17 24 24 27 16 23 

TVA  
(mg/kg) 

Average 456 726 384 732 651 570 1,023 1,824 

Minimum 177 370 141 377 224 238 581 500 

Maximum 1,569 1,397 708 1,597 3,429 1,335 1,793 5,330 

SD 232 251 157 320 671 327 312 1,356 

n 30 28 17 24 24 26 17 23 

pH 

Average 7.99 7.84 7.76 7.92 7.95 7.63 7.79 7.71 

Minimum 7.59 7.62 7.58 7.70 7.57 7.31 7.58 7.46 

Maximum 8.16 8.18 7.94 8.14 8.33 8.35 8.06 8 

SD 0.51 0.39 0.64 0.10 0.14 1.07 0.6 0.52 

n 30 27 17 23 24 27 17 21 
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The average percent contribution of TVS and FS in the influent and effluent AD streams is depicted in 

Figure 3 and Figure 4, respectively.  The graphs show the proportion of TVS and FS within the total solids 

(TS) portion of the influent, i.e. TS = TVS + FS.  Overall, the average concentration of the influent TVS is 

83.2% and the average concentration of the influent FS is 16.7%; these values are very close to that of 

raw manure from a standard lactating dairy cow - 85% TVS and 15% FS (ASABE, 2006).        

 

 

Figure 3. Average percent contribution of total volatile solids, TVS (blue bar), and fixed solids, FS (red bar) in the 
AD influent; total solids represent 100% of the dry influent material (i.e. TVS + FS)  

 

As expected, the proportion of TVS decreased as FS increased, as the biodegradable organic matter 

contained in the TVS is stabilized through the AD process.  On average, the proportion of TVS decreased 

by 7.2% through the AD process in all farm digesters; however, Ridgeline, Noblehurst, and Patterson 

digesters observed a higher decrease (i.e. 11.5%, 7.8, and 9.2%, respectively), which is expected, as 

these farms had the highest co-digestion ratios (i.e. mass of imported feedstock/mass total influent) in 

the influent stream (see Figure 2).  The TVS portion of imported feedstocks is usually more 

biodegradable than the TVS portion of lignocellulosic materials, such as dairy manure. 
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Figure 4. Percent contribution of total volatile solids, TVS (blue bar), and fixed solids, FS (red bar) in the AD 
effluent; total solids represent 100% of the dry effluent material (i.e. TVS + FS)  

 
 

The results of the basic laboratory analyses for the imported feedstocks are shown in Table 15.  The 

results of the nutrient analyses conducted on the imported AD feedstocks are shown in Table 16.  Table 

17 also provides a description of the substrates used in each farm co-digesting imported feedstocks.    
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Table 15. Summary data for laboratory analysis of imported AD feedstock samples
1
: TS, TVS, FS, COD, TVA and pH 

Constituent Statistic Ridgeline Noblehurst Patterson Sunny Knoll  Emerling 

  RLmix NHfeed PATmix SKfeed1 SKfeed2 EMfeed1 EMfeed2 EMfeed3 

TS (%) 

Average 27.20 14.52 9.54 74.27 6.73 88.80 100 18.10 

Minimum 15 13.1 2.82 22.01 6.7 88.79 100 17.9 

Maximum 38.5 15.93 21.83 100 6.8 88.82 100 18.2 

SD 6.53 2 4.58 32.63 0.06 0.02 0.06 0.17 

n 21 2 30 6 3 3 3 3 

TVS (%) 

Average 25.00 13.64 7.96 73.89 6.71 87.76 99.78 16.98 

Minimum 3.55 12.18 1.37 21.62 6.68 87.27 99.69 16.72 

Maximum 37.18 15.1 21.04 99.65 6.78 88.02 99.86 17.16 

SD 7.93 2.06 4.04 32.51 0.06 0.43 0.09 0.23 

n 21 2 30 6 3 3 3 3 

FS (%) 

Average 1.55 0.88 1.58 0.38 0.02 1.04 0.38 1.12 

Minimum 0.56 0.83 0.16 0.11 0.02 0.77 0.32 1.04 

Maximum 3.43 0.92 6.64 0.74 0.02 1.53 0.42 1.18 

SD 0.69 0.06 1.34 0.24 0 0.43 0.06 0.08 

n 20 2 30 6 3 3 3 3 

COD (mg/kg) 

Average 381,267 309,039 133,387 443,333 117,333 100,000 733,333 391,072 

Minimum 293,304 306,997 3,600 30,000 112,000 - 700,000 - 

Maximum 491,000 311,080 400,000 800,000 120,000 - 800,000 - 

SD 48,175 2,887 79,733 395,609 4,619 0 57,735 0 

n 21 2 30 6 3 1 3 1 

TVA (mg/kg) 

Average 5,548 7,574 1,170 389 467 ND ND 9,673 

Minimum 3,303 5,743 168 143 450 ND ND 9,363 

Maximum 9,450 9,405 3,350 524 500 ND ND 10,196 

SD 1,445 2,589 838 129 29 ND ND 455 

n 21 2 30 6 3 ND ND 3 

pH 

Average 4.43 5.43 4.15 4.19 3.24 4.02 5.24 5.5 

Minimum 3.63 5.42 3.25 3.57 3.23 3.9 4.94 5.48 

Maximum 5.43 5.44 7.02 4.78 3.25 4.09 5.39 5.52 

SD 0.41 0.02 0.94 0.61 0.01 0.11 0.26 0.02 

n 21 2 30 6 3 3 3 3 
1
For description of each imported feedstock see Table 17 
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Table 16. Summary data for laboratory nutrient analysis of imported AD feedstock samples
1
: TKN, NH3-N, ON, TP, OP, K 

Constituent Statistic Ridgeline Noblehurst Patterson Sunny Knoll  Emerling 

  RLmix NHmix PATmix SKfeed1 SKfeed2 EMfeed1 EMfeed2 EMfeed3 

TKN (mg/kg) 

Average 4,843 11,464 2,334 ND ND 700 ≤250 14,864 

Minimum 2,758 10,861 509 ND ND 584 ND 14,341 

Maximum 13,917 12,066 6,521 ND ND 810 ND 15,334 

SD 2,350 852 1,421 ND ND 113 ND 499 

n 20 2 29 ND ND 3 ND 3 

 
NH3-N 

(mg/kg) 

Average 479 2,148 304 ND ND 147 ≤100 3,382 

Minimum 241 1,872 58 ND ND 106 ND 3,222 

Maximum 1,367 2,424 910 ND ND 220 ND 3,675 

SD 231 390 195 ND ND 63 ND 254 

n 20 2 28 ND ND 3 ND 3 

ON (mg/kg) 

Average 4,331 9,316 2,061 ND ND 553 ND 11,482 

Minimum 2,414 8,989 434 ND ND 469 ND 11,093 

Maximum 11,883 9,642 5,610 ND ND 704 ND 12,112 

SD 2,012 462 1,255 ND ND 131 ND 550 

n 20 2 28 ND ND 3 ND 3 

TP (mg/kg) 

Average 655 949 959 ND ND 136.33 ≤100 883 

Minimum 96 816 91 ND ND 120 ND 863 

Maximum 1,164 1,082 2,467 ND ND 163 ND 913 

SD 310 188 686 ND ND 23.29 ND 26.46 

n 21 2  ND ND 3 ND 3 

 
OP (mg/kg) 

Average 195 608 621 ND ND 75.43 ≤10 659.33 

Minimum 83 576 1 ND ND 71.2 ND 616 

Maximum 561 639 2,297 ND ND 78.8 ND 690 

SD 101 44.55 574 ND ND 3.87 ND 38.59 

n 20 2 29 ND ND 3 ND 3 

K (mg/kg) 

Average 442 69 2,041 ND ND 117 ≤25 117 

Minimum 71 68 189 ND ND 115 ND 110 

Maximum 987 70 6,954 ND ND 119 ND 124 

SD 237 1.41 1,659 ND ND 2 ND 7 

n 21 2 29 ND ND 3 ND 3 
1
 For description of each imported feedstock see Table 17 
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Table 17. Imported feedstocks for farms performing co-digestion 

Farm Substrate Description
 

Ridgeline  RLmix 
Mixture of ice cream waste, salad dressing waste, hog processing 

waste 

Noblehurst  NHfeed Hog processing waste 

Patterson  PATmix 
Mixture of bio-sludge, milk slop, whey, and concentrate as by-

products from cheese processing plant; corn syrup waste, onion 
waste, and permeate from different industries  

Sunny Knoll  
SKfeed1 Grease waste 

SKfeed2 Corn syrup waste 

Emerling 

EMfeed1 Biodiesel waste 

EMfeed2 Used fryer oil 

EMfeed3 Hog processing waste 

 

 

The average daily influent TS and TVS and the total annual influent TS and TVS are shown in Table 18.  

The mass of influent TS and influent TVS were calculated using the daily influent total mass (lbs/day), as 

shown in Table 10, and the percent of TS and TVS of the influent streams, as shown in Table 13.   
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Table 18. Daily average and annual total influent total solids and total volatile solids to the farms’ AD systems
1
 

Farm  AA Dairy New Hope View Ridgeline Noblehurst
2
 Patterson Sunny Knoll Emerling 

Daily total influent TS (lbs/day) 

Average 15,337 32,666 10,194 29,649 48,268 24,325 31,957 

Minimum 5,268 15,850 7,950 18,252 33,759 14,394 11,276 

Maximum 26,356 44,019 13,061 45,779 78,846 37,847 46,153 

SD 5,513 6,153 1,761 6,231 10,251 6,320 17,017 

n 14 22 16 19 23 9 4 

Annual total influent TS 
(lbs/year) 

5,598,005 11,923,090 3,720,810 10,821,885 17,617,820 8,878,625 11,664,305 

Daily total influent TVS (lbs/day) 

Average 13,065 27,362 8,968 24,753 39,401 20,090 26,063 

Minimum 4,514 12,504 6,641 14,421 26,090 11,899 9,437 

Maximum 22,659 35,189 11,147 43,230 62,264 31,905 37,339 

SD 4,800 5,197 1,536 6,609 8,250 5,381 13,558 

n 14 22 16 19 23 9 4 

Annual total influent TVS 
(lbs/year) 

4,768,725 9,987,130 3,273,320 9,034,845 14,381,365 7,332,850 9,512,995 

1
Values calculated based on pump calibration data 

2
Values calculated based on the theoretical dairy manure production and the bedding and imported AD feedstock volumes obtained from farm logs  
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Effect of Anaerobic Digestion on Constituents: Waste Stabilization 

In the ASERTTI protocol, waste stabilization is considered to represent percent change between selected 

constituents (TS, TVS, COD, TVA, and FS) of the digester influent and effluent streams.  With the 

exception of pH, the average values for each constituent shown in Table 13 and Table 14 were used in 

Equation 12 to calculate the average percent change the AD system had on each of the constituents.  

These results are shown in Table 19.  Results of Table 19 were also plotted in Figure 5, where the errors 

bars represent the standard deviation of each parameter. 

 

Equation 12 

 

                      

  
 

 
∑[(

                                                         

                            
)    ]

 

 

   

 

 

Where   in Equation 12 is the number of sampling events.  The standard deviation was also calculated 

based on the constituent averages over all the sampling events.  

 

A positive average percent change indicates stabilization, i.e. a decrease in the constituent 

concentration through the digestion process, while a negative value indicates accumulation, i.e. an 

increase in the constituent concentration.  However, the concentration of inorganic, inert-constituents, 

represented by fixed solids (FS), should not change due to anaerobic digestion.  A significant change in 

concentration of these types of constituents within the AD vessel would be attributed to 

physicochemical processes (e.g. sedimentation), rather than biochemical.  As stated by the ASERTTI 

protocol, “…the observed changes in concentrations of the parameters is due to microbial processes and 

not settling [within the digester vessel] of particulate matter”.   

  

A paired two-tailed Student’s T-test was performed to determine the statistical significance of the 

influent and effluent constituent concentrations at a 95% confidence level for TS, TVS, FS, COD and TVA.  

The shaded cells in Table 19 represent the statistically significant values (p<0.05), as determined by the 

two-tailed T-test.  As seen in Table 19, waste stabilization took place in all AD systems, as the decrease 
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of all organic constituents, i.e. TS, TVS, COD and TVA, was found to be statistically significant.  The 

overall stabilization average for all farms evaluated is shown in the last column of Table 19.  These 

numbers indicate that there is a 35% and a 48% overall organic matter stabilization based on TVS and 

COD, respectively.  For the four farms co-digesting manure with imported substrates, there was an 

average of 38% and 50% reduction for TVS and COD, respectively.  For the three manure-only digesters, 

there was an average of 28% and 42% reduction for TVS and COD, respectively.  The data clearly show 

the overall positive effect co-digestion of non-manure substrates has on the overall conversion of 

organic matter to biogas.  Similar findings are reported in Gooch et al., 2007.   

  

The statistically significant decrease in FS concentration found in both AA Dairy and Sunny Knoll farm AD 

systems does not constitute biological stabilization, but rather removal of these compounds via physical 

means, most likely due to settling.  In the case of the Emerling AD system, a statistically significant 

increase of FS is attributed to an inconsistent and highly variable influent and effluent AD stream 

observed throughout the monitoring period.  As explained in the individual report, Emerling Farm added 

imported feedstocks to the AD system sporadically without maintaining any records of the dates, types 

and amounts of the substrates added.  As shown in Figure 5, this resulted in significant variation of the 

lab results (as represented by the error bars), which was more than twice the average for each of the 

parameters.  The reader is referred to the individual report for further details. 

 

Alternatively, the pH level increased during the digestion process in all farms (the digestate became 

more basic), as expected, because destruction of organic matter, particularly proteins, releases 

ammonia-N, which in turn generates bicarbonate alkalinity, thus increasing the pH (Khanal, 2008).  

Furthermore, the significant decrease in total volatile acids through the digestion process effectively 

decreases acidity, which also increases the total alkalinity of the effluent. 
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Table 19. Average percent change in constituent concentration due to anaerobic digestion 

Average percent change (waste stabilization)
1
 

Constituent AA Dairy New Hope View Ridgeline Noblehurst Cell 1 Noblehurst Cell 2 Patterson Sunny Knoll Emerling Average 

TS 34.4 25.0 45.7 21.7 32.1 28.4  37.2  11.8 29.5 

TVS 38.9 29.8 52.6 27.2 38.2 36.3  41.9  16.1 35.1 

FS 7.2 -1.0  -3.8 -13.1 -5.5 -2.3  15.0 -16.1 -2.4 

TVA 85.9 83.9 90.7 83.9 85.7 85.3  75.1  48.7 79.9 

COD 43.3 40.8  69.7 47.5 50.7 42.4  48.2  41.4 48.0 
1
Shaded cells indicate the difference in constituent concentrations are statistically significant (p<0.05) 

 

 
Figure 5. Average percent change in constituent concentration due to anaerobic digestion process; error bars represent standard deviation 
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Previous manure sampling and analysis (Gooch et al., 2007) shows similar results to this study, in that 

there were consistent reductions in the following constituents: TS, TVS, COD, and TVA.  This is expected, 

as organic matter represented by these constituents was consumed by operative microbes within the 

AD (Gooch et al., 2007). 

 

Biogas Production and Usage 

The volume of biogas sent to the different components of the AD systems (i.e. electricity generation 

system, emergency flare, and/or boiler), was measured via gas flow meters.  The total biogas volume 

measured for each flow as well as the range and standard deviation (SD), and the total biogas volume 

produced by the digester per sampling period is shown in Table 20.  The total volume of biogas 

produced by the digester for each period was obtained by the sum of the biogas flows to the different 

components.   

 

The total biogas volume produced by the digester and the volumes sent to the different AD system 

components during the entire monitoring project are shown in Table 21.  In addition, the total biogas 

volume produced by the digesters per year was calculated by dividing the total biogas produced per the 

monitoring project by the number of days in the monitoring period, as shown in Table 21, and 

multiplying the resulting value by 365 (days).  These results were graphed and are shown in Figure 6.  

Also, Figure 7 presents the percent of biogas utilized by each of the AD system components. 
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Table 20. Average total biogas volume produced by the digester, and sent to the electricity generation system, boiler, and flare per sampling period 

 Statistic AA Dairy 
New Hope 

View
1
 

Ridgeline 
Noblehurst 

Cell 1 
Noblehurst 

Cell 2 
Patterson Sunny Knoll Emerling

4
 

Days in sampling 
period 

Average 14 14 15 15 15 14 15 16 

Biogas volume
5
 to 

engine/turbine per 
period (ft

3
/period) 

Average 520,080 274,755 1,071,569 362,308 211,275 1,500,615 852,252 1,070,427 

Minimum 0 3,848 673,100 73,300 49,800 729,700 330,900 0 

Maximum 1,315,800 694,882 1,687,800 658,600 350,200 2,321,000 1,064,100 2,973,499 

SD 230,392 215,235 263,516 132,651 61,546 391,354 203,708 702,708 

n 25 10 16 24 24 26 21 22 

Biogas volume to 
boiler per period 

(ft
3
/period) 

Average - 431,332 82,413 - - - - 

Minimum - 116,546 41,600 - - - - 

Maximum - 855,513 126,100 - - - - 

SD - 183,105 20,849 - - - - 

n - 25 16 - - - - 

Biogas volume to 
flare per period 

(ft
3
/period) 

Average 69,522 623,871 874,890 413,716
3
 915,972 64,775 - 

Minimum 0 211,919 351,862 71,356 80,221 7,651 - 

Maximum 293,409 1,131,091 2,130,957 720,169 2,545,192 182,370 - 

SD 76,195 232,397 473,514 273,497 694,715 48,395 - 

n 26 25 16 5 26 16 - 

Total biogas 
production per 

period (ft
3
/period)

2
 

Average 580,646 1,165,105 2,028,871 659,774 2,416,587 922,963 - 

Minimum 180,451 614,684 1,206,254 123,100 1,100,127 388,551 - 

Maximum 1,372,367 1,811,016 3,439,357 1,598,669 3,959,692 1,195,296 - 

SD 224,356 330,197 694,163 308,797 826,455 240,983 - 

n 25 25 16 24 26 16 - 
1
Due to maintenance issues, the microturbine installed at NHV was in operation for the first five months of the monitoring project; as a result, only 10 measurements could be 

performed 
 

2
Obtained for each period from the sum of the biogas flows sent to the engine/microturbine, boiler, and flare 

3
Average biogas volume sent to the flare and total biogas production calculated therein might not be representative of the entire year, as flow meter measuring biogas flared 

was operational for only two months during the entire monitoring period 
4
Total biogas production could not be determined because flow meter on the flare was broken and could not be repaired for the entire monitoring period  

5Gas meters temperature and pressure compensated to 60°F and 1 atm 
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Table 21. Total biogas volume produced during the entire monitoring project by the AD systems, and the corresponding total volumes sent to the electricity 
generation system, the boiler, and the flare  

 AA Dairy New Hope View Ridgeline Noblehurst  Patterson Sunny Knoll Emerling 

Duration of monitoring period (days) 365 370 238 364 366 316 342 

Total biogas volume to engine/turbine (million ft
3
) 13.0 2.7 17.1 13.1 39.0 17.9 19.7 

Total biogas volume to boiler (million ft
3
) n/a 10.8 14.0 n/a n/a n/a n/a 

Total biogas volume to flare (million ft
3
) 1.8 15.6 1.3 2.1 23.8 1.0 ND 

Total biogas production (million ft
3
) 14.5 29.1 32.5 15.8 62.8 18.9 - 

Average daily biogas produced for project (ft
3
/day) 39,726 78,649 136,555 43,407 171,585 59,810 - 
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Figure 6. Total biogas produced in the AD systems per year; estimated from the total biogas produced per 
monitoring project and the duration of the monitoring project (see text)  
 
 

 
Figure 7. Utilization share of the different components of the AD systems 
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shown in Table 22.  These results are also shown graphically in Figure 8, with the error bars representing 

the standard deviation of the measurements. 

 

Equation 13 
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Where   is the number of sampling events.  The standard deviation was also calculated based on the 

averages of daily total biogas production, influent and effluent TVS, and influent and effluent mass, over 

all the sampling events.  

 
Table 22. Statistics for biogas volume produced (ft

3
) per unit mass (lb) TVS consumed

1
 

Statistic 
AA 

Dairy 
New Hope 

View 
Ridgeline 

Noblehurst 
Cell 1 

Noblehurst 
Cell 2 

Patterson 
Sunny 
Knoll 

Average 10 9 29 6 5 13 9 

Minimum 3 5 22 3 2 6 5 

Maximum 18 14 46 12 9 23 12 

SD 5 2 7 3 2 6 2 

n 13 22 16 14 14 15 8 
1
Emerling AD system values were not possible to calculate since the total biogas production was not able to be 

determined (see Table 21) 

 

 
Figure 8. Volume biogas (ft

3
) produced per mass of TVS consumed (lb TVS); error bars represent standard 

deviation 

0

5

10

15

20

25

30

35

40

AA Dairy New Hope View Ridgeline Noblehurst cell 1 Noblehurst cell 2 Patterson Sunny Knoll

B
io

ga
s 

p
ro

d
u

ce
d

 p
e

r 
lb

 c
o

n
su

m
e

d
 (

ft
3
/l

b
 T

V
S)



PRO-DAIRY Program - Cornell University | Results 

 

- 55 -- 

55 - 

 

Biogas Composition Analysis 

During each sampling event, biogas was analyzed in triplicate for CO2 and H2S concentrations, using 

Sensidyne® gas detector tubes in the range of 5-50% and 0.1-4.0%, respectively.  The moisture content, 

or water vapor (H2O) concentration, of the saturated biogas (dependent on gas temperature), was 

calculated using Equation 14 (DLtech, 2008).  [Equation 14 was developed using a best fit equation and 

the vapor pressures of water based on data from the Handbook of Chemistry and Physics (1976).]   

 

Equation 14 

 

                         

 Where: T = biogas temperature (°F) 

 

The methane concentration in the biogas was calculated using Equation 15: 

 
Equation 15 

 

 [     ]      [                    ] 

 

The CO2, H2S, CH4, and H2O concentrations in the biogas (H2S was measured and recorded in percentage, 

but was converted to ppm; both values are reported) for each sampling period are shown in Table 23.    

 

In addition to biogas field analysis, biogas samples were collected quarterly during the one year 

monitoring using Tedlar® bags, and CH4 content in the biogas was determined the same day using an SRI 

8610C (SRI Instruments, Torrance, CA) gas chromatograph (GC).  The GC was equipped with a thermal 

conductivity detector (TCD), and used Helium as a carrier gas in a 0.3-m HaySep D packed Teflon column 

under an isothermal oven temperature of 105°C.  Calibration of the GC was conducted periodically by 

injecting increasing amounts of pure methane gas (Airgas, Inc.) to create a linear calibration curve, 

where R2 was ensured to be higher than 0.95. Gas samples were obtained for at least two sampling 

events in triplicates.  The averages of those measurements are shown in Table 24.   
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Table 23. Averages of samples measured at each sampling event for hydrogen sulfide and carbon dioxide, and average of calculated water vapor and 
methane concentration values in the sampled biogas  

Gas  Statistic AA Dairy 
New Hope 

View
1
 

Ridgeline 
Noblehurst  

cell 1 
Noblehurst  

cell 2 
Patterson Sunny Knoll Emerling 

[H2S] (ppm) 

Average 4,181 4,237 787 3,275 2,975 1,579 1,080 827 

Minimum 2,000 2,667 497 2,000 1,833 673 750 567 

Maximum 8,000 5,000 1,073 4,667 5,000 3,333 1,447 1,200 

SD 1,269 781 187 808 899 512 218 201 

n 27 26 16 20 20 21 16 10 

[H2S] (%) 

Average 0.42 0.42 0.08 0.33 0.30 0.16 0.11 0.08 

Minimum 0.20 0.27 0.05 0.20 0.18 0.07 0.08 0.06 

Maximum 0.80 0.50 0.11 0.47 0.50 0.33 0.14 0.12 

SD 0.13 0.08 0.02 0.08 0.09 0.05 0.02 0.02 

n 27 26 16 20 20 21 16 10 

[CO2] (%) 

Average 43 42 34 40 41 41 33 35 

Minimum 33 38 28 30 35 34 28 29 

Maximum 50 44 37 48 49 50 38 44 

SD 3 2 2 4 3 5 2.5 5 

n 25 22 15 19 19 22 21 18 

[H2O] (%) 

Average 3.54 ND 1.65 4.38 3.47 3.05 4.0 3.1 

Minimum 2.21 ND 1.01 2.46 0.78 1.27 1.8 1.2 

Maximum 7.58 ND 2.63 6.60 6.60 9.79 7.1 6.0 

SD 1.30 ND 0.46 1.17 1.74 1.84 1.9 1.5 

n 25 ND 17 24 24 24 16 20 

[CH4]
2
 (%) 

Average 57 58 65 56 56 56 64 62 

Minimum 49 56 62 46 46 45 59 54 

Maximum 67 62 71 67 63 66 71 70 

SD 3 2 2 5 4 5 4 5 

n 25 22 15 19 19 22 21 17 
ND: Not data available 
1
Water vapor was not able to be calculated since no biogas temperature data were available 

2
The CH4 values in the table use Equation 14 to account for water vapor in the biogas and Equation 15 to calculate methane content  
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Biogas Thermal Energy  

One effect of the varying CH4 concentration values was on the calculated thermal value of the biogas 

produced.  The thermal value was calculated using the low heating value (LHV) of CH4 which is 896 

Btu/ft3, assuming 68°F and 14.7 psia (Marks, 1978).  The calculated average biogas thermal value for the 

monitoring project, using the methane content as measured through the field-based methods, is shown 

in Table 25.  By multiplying the total biogas volume calculated for an entire year (see Figure 6) and the 

average thermal value from Table 25, the total thermal energy produced by each of the farms for an 

entire year was estimated, and the results are shown in Figure 9. 

 
 

 
Figure 9. Total thermal energy (Btu) generated by the AD systems per year 
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Table 24. Average methane content (%) as determined by using a GC at the Cornell University Agricultural Waste Management Laboratory
1
 

Statistic AA Dairy New Hope View Ridgeline Noblehurst Cell 1 Noblehurst Cell 2 Patterson Sunny Knoll 

Average 58.1 56.4 67.3 59.1 58.5 60.6 61.5 

SD 2.1 1.9 2.8 5.3 2.9 3.1 0.1 
1
Gas samples from the Emerling AD system could not be obtained due to negative pressure on the biogas line 

 

 

 

Table 25. Average thermal value of biogas (Btu/ft
3
) based on the field biogas measurement data calculated for the entire monitoring project 

Statistic AA Dairy New Hope View Ridgeline Noblehurst Cell 1 Noblehurst Cell 2 Patterson Sunny Knoll Emerling 

Average 482 519 579 499 499 502 575 552 

Minimum 404 499 552 411 408 406 531 482 

Maximum 601 556 631 598 562 592 636 623 

SD 37 16 22 42 37 49 32 44 

n 25 22 15 19 19 22 21 17 

 



PRO-DAIRY Program - Cornell University | Results 

 

- 59 -- 

59 - 

 

According to the results presented in Table 25, the overall average biogas thermal value for all 

seven farms was 526 Btu/ft3.  The biogas thermal value for the four farms co-digesting manure 

with imported feedstocks, was 531 Btu/ft3, while the three farms not participating in co-

digestion had a biogas thermal value of 518 Btu/ft3.     

 

Energy Utilization 

A portion of the total biogas produced by the farms’ AD systems was used to fuel either an engine-

generator set or a microturbine to produce electrical energy.  During each sampling event, the electric 

utility meter used to measure power received from and delivered to the grid was read and recorded.  

The average daily electrical energy generated, received from the grid, delivered to the grid, displaced, 

and total used on-farm was calculated for each sampling period using the data recorded; the project 

definition for each of these items is as follows.   

 

 Average electrical energy generated was the energy generated by the farm’s engine-

generator set/microturbine running on biogas produced by the digester. 

 Average electrical energy received from the grid was any electrical energy obtained from 

the utility grid needed to supplement that generated on-farm; additional energy is normally 

needed during the warmer summer months to power cooling fans in the barns. 

 Electrical energy received from the grid may consist of energy previously credited to the 

account from an excess generated, or may be purchased outright from the utility; electrical 

energy from the grid cannot be distinguished between these two scenarios from the data 

collected. 

 Electrical energy delivered to the grid was the portion of the energy sent through the utility 

meter after the farm has used all they are able to use to power the farm at any given point 

in time.  From a utility energy accounting and billing perspective, on a month-to-month 

basis, the excess in electrical energy remains on the account in the form of a credit, which is 

drawn from the following month if additional energy is needed on-farm; at the conclusion of 

one year, the farm is paid the wholesale value for any credits remaining on the account at 

that point.  Because the energy utility fiscal year did not align with the 12-month 
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performance monitoring project, actual outcomes of energy utility balances and payments 

may differ from the values shown here. 

 Energy displaced was the difference between the energy generated and the excess energy 

delivered to the grid; this is the portion of electricity the farm generated and used on-farm 

instead of acquiring from the utility. 

 

The total electrical energy used on-farm in Table 26 does not distinguish whether it was generated on-

farm or received from the utility.   

 

The daily average electrical energy generated, received from the grid, delivered to the grid, displaced, 

and total used on-farm is shown in Table 26.  Values for the total electrical energy over the entire 

monitoring period for each of these parameters are shown in Table 27 and graphed in Figure 10.  

Overall, all farms utilized more electrical energy over the project period then they produced.  This likely 

would not have been the case for NHV, RL, and PAT if larger engine-generator sets were installed to take 

advantage of the surplus biogas produced (see Figure 7).  Additionally, Table 28 presents select energy 

performance parameters for the AD systems based on the energy utilization of each farm over the 

entire monitoring period. 
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Table 26. Average daily electrical energy generated, received from the grid, delivered to the grid, displaced and total used on-farm 
 Statistic AA Dairy New Hope View

1
 Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Energy generated 
(kWh/day) 

Average 915 926 2,962 1,746 4,284 3,238 2,708 

Minimum 0 201 2,457 217 2,961 1,458 430 

Maximum 1,836 1,398 3,434 2,837 4,666 4,877 4,609 

SD 509 511 372 641 360 856 1,290 

n 27 5 16 21 26 21 22 

Energy received from 
the grid (kWh/day) 

Average 483 1,493 869 1,577 1,237 665 942 

Minimum 56 432 203 149 17 8 0 

Maximum 1,179 2,465 1,404 3,669 3,529 2,952 2,438 

SD 298 956 405 919 1,306 668 820 

n 27 5 16 20 26 20 21 

Energy delivered to the 
grid (kWh/day) 

Average 244 29 110 65 975 527 521 

Minimum 0 0 15 0 57 4 0 

Maximum 739 69 288 446 1,980 2,300 2,000 

SD 188 36 99 99 647 636 661 

n 27 5 16 20 26 21 21 

Energy displaced 
(kWh/day) 

Average 670 897 2,852 1,686 3,309 2,711 2,117 

Minimum 0 201 2,205 217 1,789 1,454 430 

Maximum 1,138 1,331 3,395 2,805 4,279 3,966 4,052 

SD 345 480 461 617 611 733 928 

n 27 5 16 20 26 21 21 

Energy used on-farm 
(kWh/day) 

Average 1,153 2,390 3,721 3,263 4,546 3,345 3,059 

Minimum 845 1,763 2,428 2,351 2,289 2,459 2,188 

Maximum 1,434 2,942 4,705 4,484 7,599 4,883 4,331 

SD 155 534 844 736 1,837 942 647 

n 27 5 16 20 26 21 21 
1
Electrical energy was only produced only for the first five months of the overall monitoring project; therefore, statistics are based on five data points. 
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Table 27. Total electrical energy generated, received from the grid, delivered to the grid, displaced, and total used on-farm during the entire monitoring 
period 

 AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Energy generated (kWh/entire 
monitoring project) 

333,804 125,967 705,016 635,499 1,567,879 1,010,710 908,322 

Received from the grid 
(kWh/entire monitoring project) 

176,236 552,352 206,806 573,985 452,835 236,500 322,700 

Delivered to the grid (kWh/entire 
monitoring project) 

89,086 3,952 26,160 23,815 356,765 156,100 196,400 

Energy displaced (kWh/entire 
monitoring project) 

244,719 122,015 678,856 613,862 1,211,113 854,610 711,922 

Energy used on-farm 
(kWh/entire monitoring project) 

420,955 884,306 885,662 1,187,847 1,663,949 1,091,110 1,034,622 

 

 
Table 28. AD system energy performance ratios (%) for the entire monitoring period (calculated using Table 27) 

 AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Displaced/used on-farm 58.1% 13.8% 76.6% 51.7% 72.8% 78.3% 68.8% 

Received from the grid 
/used on-farm 

41.9% 62.5% 23.4% 48.3% 27.2% 21.7% 31.2% 

Delivered to the grid 
/generated 

26.7% 3.1% 3.7% 3.7% 22.8% 15.4% 21.6% 

Generated/used on-farm 79.3% 14.2% 79.6% 53.5% 94.2% 92.6% 87.8% 
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Figure 10. Average electrical energy generated, received from the grid, delivered to the grid, displaced and used 
on-farm 
 

Biogas to Electricity 

The volume of biogas needed to generate one kWh of electrical energy was calculated using Equation 

16. This calculated value is dependent, in part, on the methane content of the biogas at any given time.  

For this equation, only the volume of biogas delivered to the electricity generation system was 

considered, not the total volume of biogas produced by the digester.  The results of the calculation are 

shown numerically in Table 29 for the entire monitoring period and shown graphically in Figure 11. 

 
 
Equation 16 
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Table 29. Average volume of biogas delivered to the electricity generation system to produce one kWh of electrical energy calculated for the entire 
monitoring period (ft

3
/kWh generated); reciprocal value shown in [ ] with the units kWh/ft

3
 

Statistic AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling Average 

Average 44 [0.02] 30 [0.03] 25 [0.04] 27 [0.04] 25 [0.04] 18 [0.06] 26 [0.04] 28 [0.04] 

Minimum 24 [0.04] 2 [0.50] 19 [0.05] 18 [0.06] 18 [0.06] 14 [0.07] 11 [0.09] 15 [0.07] 

Maximum 93 [0.01] 86 [0.01] 27 [0.04] 49 [0.02] 27 [0.04] 27 [0.04] 34 [0.03] 49 [0.02] 

SD 17 23 2 9 2 3 5 - 

n 24 9 16 21 26 21 20 - 
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Figure 11. Average biogas volume (ft

3
) used to generate one kWh; with error bars representing standard 

deviation over the monitoring time period 

 
 

It is apparent from Figure 11 that the AA Dairy AD system uses significantly more biogas to produce one 

kWh of electricity than the other six systems.  The New Hope View AD system also had a relatively 

higher usage of biogas per kWh, however, the error bar suggest a considerably large SD of the data 

during the monitoring period. 

 

A low biogas-to-electricity conversion does not necessarily imply poor engine-generator efficiency, as 

low conversions could also be related to poor methane content in biogas.  The answer can come from 

the evaluation of two parameters: the generator’s capacity factor and online efficiency, as discussed 

below. 

 

Capacity Factor and Online Efficiency 

The capacity factor is a ratio of the electrical energy that was produced in a given time frame versus the 

electrical energy that could have been produced over that same period of time.  A capacity factor of less 

than 1.0 indicates that the engine-generator set or microturbine (as appropriate by farm) did not run at 

full capacity and/or did not run continuously.  The average capacity factor for each farm over the entire 

monitoring period was calculated using Equation 17.  The electricity generation system operating hours 

were recorded during each sampling event, and used to calculate the online efficiency of the system 
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over the entire monitoring period using Equation 18.  The calculated results, along with the average, 

range, and SD for each sampling period, based on sample size (n), are shown in Table 30 and graphically 

in Figure 12. 

 
Equation 17 

 

                
                                                  

                           
     
   

                                 
 

  

Equation 18 

 

                      
                                                         

                           
     
   

     

 

Average Power Output 

The output of each electrical generating unit was recorded during each sampling event and the average 

output over the sampling period was calculated according to Equation 19.   

 

Equation 19 

 

                                   

 
                                                       

                                                       
 

 

Thermal Conversion Efficiency  

The thermal conversion efficiency of the engine-generator sets and microturbine to produce electrical 

energy from the combustion of biogas was calculated using Equation 20.  The ASERTTI protocol states 

that the lower heating value (LHV) of methane is 960 Btu/ft3 (ASERTTI, 2007); however other sources 

indicate that the LHV of methane is 896 Btu/ft3 (at 68°F and 14.7 psia) (Marks, 1978), and this is the 

value used in the calculation.  The results of the calculation averaged over each sampling period are 

shown in Table 30.  
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Equation 20 
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Table 30. Average capacity factor, online efficiency (%), output (kW), and thermal conversion efficiency (%) of the electric generation system for the entire 
monitoring period 

 Statistic AA Dairy New Hope View Ridgeline Noblehurst Patterson Sunny Knoll Emerling 

Capacity Factor 

Average 0.35 0.19 0.95 0.56 0.89 0.59 0.48 

Minimum 0.14 0 0.79 0.07 0.62 0.26 0.08 

Maximum 0.59 1.01 1.10 0.91 0.97 0.88 0.84 

SD 0.12 0.32 0.12 0.21 0.08 0.16 0.24 

n 26 26 16 21 26 21 20 

Online efficiency (%) 

Average 85.8 74.2 97.2 79.6 96 96.7 83.9 

Minimum 13.5 20.7 91.0 19.6 71 60.6 32.5 

Maximum 107.9 97.9 101 100 100 108.9 100.1 

SD 21.9 36.1 2.8 23.1 6 9.5 19.6 

n 25 4 16 20 26 21 20 

Average output (kW) 

Average 45.45 63.3 127 83.9 185 138.44 125.93 

Minimum 18.68 49.8 106 19.6 172 89.52 47.36 

Maximum 77.26 104.7 145 122.6 199 186.98 191.94 

SD 15.45 23.3 14 26.5 8 30.73 51.99 

n 26 5 16 22 26 21 20 

Thermal conversion 
efficiency (%) 

Average 17.5 23 24.3 28 27 31 24.1 

Minimum 7.4 8 20.5 14 23 20 20.7 

Maximum 27.9 35 31.8 37 37 42 32.5 

SD 5 8 2.7 6 3 5 3.2 

n 22 7 15 16 22 21 16 
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Figure 12. Capacity factor and online efficiency  
 
 

The relatively lower biogas-to-electricity conversion exhibited by the AA Dairy AD system mentioned 

above can be explained by the low capacity factor rather than the online efficiency of the engine-

generator set of the farm, as the online efficiency demonstrates that the engine-generator set was up 

and running over 85% of the time (Figure 12).  The low capacity factor obtained for the New Hope View 

AD system should have been translated into a poorer biogas-to-electricity conversion than that shown in 

Figure 11; however, this discrepancy can be explained by the large SD of the biogas-to-electricity 

conversion data, which suggests that the measured variables used to determine this parameter were 

highly variable throughout the monitoring period.  As the SD of the New Hope View AD system biogas 

production data was relatively low (see Figure 8), it is implied that the variation of the biogas-to-

electricity conversion observed in Figure 11 was the result of the microturbine electricity output 

variation.   
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Anaerobic Digester Thermal Energy 

The heat flows of three AD systems were monitored through an array of two to three Btu meters, 

depending on the farm.  AA Dairy, New Hope View and Noblehurst all had Btu meters measuring heat 

recovered by the electrical generation unit (i.e., engine-generator set or microturbine).  New Hope View 

and Noblehurst also measured the heat used to maintain AD operating temperature, and AA Dairy and 

Noblehurst measured heat dumped through a radiator to the ambient.   New Hope View was the only 

system where heat generated by a boiler was measured.   

 

Prior to monitoring, under a separate project at Patterson Farm, data loggers were installed by CDH 

Energy Corporation to record the heat flows in the AD system and the resulting data were displayed via 

a website online.  All data collected for use in this project was analyzed by CDH Energy and deemed to 

be accurate and validated using their data validation process.  Data was collected in 15-minute intervals, 

continuously, and was subsequently aggregated for this project from sampling events 1 through 27.  

Data collected through the CDH system and used in this report includes: heat recovered from the 

engine-generator set, heat released through the dump radiator, and heat used for digester heating. 

 

Data collected was used to determine the thermal energy used for digester heating, the thermal energy 

generated by the boiler, the thermal energy recovered from the engine-generator set or microturbine, 

and the thermal energy released to the ambient.  These values are shown in Table 31.   
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Table 31. Thermal energy recovered (mmBtu/day) from the electrical generation unit, used for AD heating, 
generated by the boiler, and dumped to the ambient depending on each farm situation

1
; values are normalized 

by engine-generator set size (kW) and shown in [ ]
2 

 Statistic AA Dairy 
New Hope 

View 
Noblehurst Patterson 

Heat recovered by the 
electrical generation 
unit and used to heat 

the digester  

Average 0.8 [0.01] 2.1 4.89 [0.04] 7.00 [0.04] 

Minimum 0.4 [0] 0.1 1.41 [0.01] 5.04 [0.03] 

Maximum 1.2 [0.01] 4.9 7.52 [0.06] 7.51 [0.04] 

SD 0.5  1.9 2.40  0.52 

n 2  8 7  26 

Average heat used for 
AD heating  

Average - 8.4 3.10 [0.02] 3.85 [0.02] 

Minimum - 2.7 1.04 [0.01] 0.53 [0] 

Maximum - 12.6 4.48 [0.03] 7.10 [0.04] 

SD - 3.0 1.27  1.54 

n - 16 7 26 

Average heat generated 
by the boiler  

Average - 12.5 - - 

Minimum - 5.7 - - 

Maximum - 18.8 - - 

SD - 4.2 - - 

n - 25 - - 

Heat dumped to the 
ambient  

Average 2.4 [0.02] - 0.42 [0] 2.97 [0.01] 

Minimum 1.7 [0.01] - 0.16 [0] 0.07 [0] 

Maximum 3.0 [0.02] - 0.76 [0.01] 6.48 [0.03] 

SD 0.4 - 0.27 1.65 

n 10 - 4 26 
1
Thermal energy data was not able to be collected at Ridgeline Farms since monitoring ceased due to removal of the digester 

cover for solids removal.  Thermal energy monitoring equipment was not installed at Sunny Knoll or Emerling Farm and thus no 
data was collected.   
2Normalized values are not shown for New Hope View Farm since that farm has a boiler and a microturbine; the other three 
farms have engine-generator sets and no boiler and thus may be compared 

 
Patterson Farm AD system recovered the most thermal energy from the engine-generator set, which is 

logical since this system has the largest generating capacity (200-kW).  New Hope View used the most 

thermal energy to heat the AD, most likely due to the comparatively large distance between the heat 

generation and heat recovery units and the AD.  This presents a situation where significant heat can be 

lost during transfer between the two locations, and excess heat must be sent to overcome this loss.  

Noblehurst used almost all heat recovered from the engine-generator set for AD heating, there was 

comparably a very small amount of thermal energy dumped to the ambient.  AA Dairy and Patterson 

Farm however, had a higher amount of thermal energy left after satisfying the AD system heating needs.  

This would allow the excess thermal energy to be used for alternate uses, if needed on the farm, or for 

sale if this were deemed profitable.    
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Anaerobic Digester System Economics 

A total annual cost/benefit economic analysis was performed over the monitoring project time frame 

for the farms’ anaerobic digester systems and related items, using project-collected data as input values 

into Equation 21.  A positive value for means that the system is a net economic liability to own and 

operate while a negative value means that the system probably is an economic benefit, but further 

analysis would be needed to determine its true economic benefit to the farm. 

 

The annual cost represents all costs to own and operate the system, expressed on an annual basis, for a 

given year.  This includes the annual cost of capital, lost opportunity, and depreciation, along with the 

preventative maintenance, repair, energy and labor costs for each component for a year.   

 

The annual economic savings portion of the equation considered the net displaced electricity value, 

which was the displaced electricity minus the parasitic energy needs of the system at the estimated 

normal cost to purchase electricity ($0.11/kWh).   

 

The annual economic revenue portion of the equation considered the sum of: tipping fee revenues, 

carbon credit revenues, and electricity sales to the grid all as appropriate on a farm-by-farm basis.  

However, none of the participating farms had a positive electricity balance to receive revenue for at the 

conclusion of the monitoring year. 

 

Equation 21 

   

                         

 ∑             ∑                     ∑                 

 

Most notably, digester effluent solid-liquid separation and subsequent handling was not included in the 

economic assessment boundary, with the exception of the portion of the long-term storage needed to 

store effluent associated with feedstock imported to the farm and its corresponding cost of land 

application.  The annual costs, cost savings, and revenues are discussed in more detail in the following 

paragraphs. 
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Annual Costs 

Annual Capital Costs 

The major AD system components that were within the analysis limits were: 

 AD site work, construction and materials (concrete vessel, cover, pipes, etc.) 

 Engineering design 

 Engine, boiler, biogas scrubber and/or microturbine 

 Electrical generation and electrical wiring 

 Biogas utilization building 

 Pumps, agitators and/or flare 

 Long-term storage of non-manure feedstock (earthen storage) 

 Miscellaneous/other 

 

Annual Operating and Maintenance Costs 

 Demand charges associated with AD system parasitic power 

 Land application of non-manure feedstock 

 Engine-generator set maintenance 

 

These items were farm-specific, thus, only items applicable to each farm situation were included in each 

economic analysis. 

 

The portion of the long-term storage containing non-manure post-digested feedstock was quantified 

using the total estimated volume of imported feedstock (using the average of known imported 

feedstock volumes averaged over an entire year) and an assumed reduction in volume of 3% due to the 

digestion process.  The on-farm long-term storage capacity and estimated capital cost were based on 

information gathered directly from the farm, or estimated using a similar sized farm.  In order to 

determine the cost associated with storing non-manure feedstock materials in the long-term storage, 

the non-manure post-digested feedstock portion of the long-term storage was estimated by comparing 

the total storage capacity to that occupied by the imported food waste, a parallel comparison was 

drawn to the cost of the storage space occupied.  The associated cost was included within the limits of 

the analysis.   
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It was assumed that the digester vessel and associated buildings would have a 20-year useful life, and 

the cover, flare, and heat dump radiator would have a 10-year useful life.  A seven-year useful life was 

assumed for the engine-generator set, variable speed drives, piston pumps, agitation/mixing units, and 

circulating pumps.  The salvage value at the end of the engine-generator set’s useful life was assumed to 

be 10% of the capital investment while the salvage value of the other components of the system was 

assumed to be zero.  The engine-generator set maintenance and repair costs of $0.018/kWh were used, 

which is the value currently charged by Martin Machinery. 

 

In order to estimate the annual non-manure post-digested feedstock portion of the land application 

costs, the total estimated volume of imported feedstock was multiplied by the average cost of land 

application, as indicated by each applicable farm. The calculated total annual costs are shown for each 

of the seven farms in Table 32. 

 

Table 32. Calculated total annual cost ($) for each of the seven farms for the monitoring period 

 Patterson 
New Hope 

View 
Noblehurst Sunny Knoll Emerling Ridgeline AA Dairy 

Annual 
costs ($) 

344,200 100,700 119,600 168,400 164,600 115,900 59,800 

 

The annual costs for these seven farms are generally in the same range, with the exception of AA Dairy, 

which is an older system that has been in operation for over 10-years, and Patterson Farms which had 

additional capital investment in order to be able to accept non-manure feedstocks on-site.   

 

Annual Cost Savings 

For this analysis, the AD system annual cost savings for each farm was the net displaced electrical energy 

for the year multiplied by its unit value.  The net displaced electrical energy value was calculated as the 

difference between the total displaced electrical energy and the estimated total parasitic electric energy 

needs of each farm AD system.  The annual parasitic electrical energy requirements of the system were 

estimated by utilizing information (motor Hp) about each major electrical component (pumps and 

agitators) and associated run times.  The total parasitic energy load is shown for each farm in Table 33.     
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Table 33. Major AD system electrical components and associated estimated annual energy requirements 
(parasitic load) by farm 

 Total energy usage
1
 (kWh/year) 

Component Patterson 
New Hope 

View 
Noblehurst Sunny Knoll Emerling Ridgeline AA Dairy 

Raw 
manure 
pump 

18,153 - - - - - - 

Influent 
pump 

10,892 -
4
 5,446 8,188 ND 14,522 - 

Influent 
agitator 

10,892 18,153 7,261 3,631 ND -
2
 19,060 

Food 
waste 
pump 

5,446 - - - ND 3,631 - 

Food 
waste pit 
agitator 

5,446 - - - - - - 

In-AD 
vessel 

agitators 

12,344 - - - ND 29,044 - 

Effluent 
pump 

14,522 14,522 3,631 7,261 ND -
3
 15,327 

Effluent 
agitator 

2,723 14,522 - - - - - 

Biogas 
blower 

- 26,140 26,140 26,140 ND 26,140 26,140 

Heat rack 
circulation 

pump 

26,140 26,140 26,140 52,280 ND 104,559 26,140 

Estimated 
total 

106,556 99,477 68,617 97,499 ND 177,896 86,667 

1
It was assumed that the electric motors were 75% efficient, and a conversion of 746 Watts/Hp was used 

2
Ridgeline has a pump-agitator unit, accounted for under influent pump 

3
Ridgeline effluent flows by gravity to a holding pond 

4
NHV influent pump was not included in the parasitic load for the AD since the same pump was previously 

used to transfer manure to the storage tank pre-AD installation 

 

Using an estimated electricity purchase price of $0.11/kWh, the value of the total net displaced 

electricity was calculated.  The cost savings associated with the net displaced electricity and the 

percentage of energy generated by the AD system needed to meet the systems’ parasitic electrical 

demands, are shown in Table 34.    
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Table 34. Annual cost savings ($) and the estimated percentage energy generated that was used to operate AD 
for each of the seven farms 

 Patterson 
New Hope 

View 
Noblehurst 

Sunny 
Knoll 

Emerling Ridgeline AA Dairy 

Annual cost 
savings ($) 

$121,501 $2,479 $59,977 $98,122 $77,450 $94,939 $17,386 

Percentage 
of energy 
generated 

used to 
operate AD 

system 

6.8% 29% 10.8% 8.3% 10.8% 16.5% 26% 

 

The annual cost savings varied significantly from farm to farm, depending entirely on the electricity 

generated and used on-farm.  New Hope View farm’s electrical generation unit was out of commission 

for the majority of the monitoring study, explaining the relatively low cost savings and relatively high 

percentage of energy needed to run the AD system.  AA Dairy used a comparatively older engine-

generator set and exhibited a comparatively low capacity factor (0.35) and online efficiency (85.8%), 

which may explain the relatively lower electricity savings.  Patterson Farms has one of the largest 

electrical generation units among these seven farms, that runs consistently at a high capacity, 

generating enough electricity to power a majority of the farm’s needs for a good portion of the year.  

This explains the high cost savings realized by Patterson Farms. 

 

Annual Revenues 

The final portion of the total cost/benefit analysis was the annual revenues of the system, which 

included: non-manure feedstock tipping fees, carbon credit sales, and electricity sales to the grid, 

depending on each farm situation.  The annual revenues for each farm are shown in Table 35. 

 
The imported feedstock tipping fee(s) was obtained or estimated for each applicable farm, and 

multiplied by the total feedstock volume to determine the annual revenue for each feedstock.   

 

The second consideration for the annual revenue was electricity sales.  There were no farms for which 

the total energy generated and delivered to the grid was higher than that received from the grid, during 

the monitoring time frame.  Through a net-metering agreement, the farms would have been paid for 

energy produced and delivered to the utility that remained in a positive balance at the year’s end, and 
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would have been paid at the avoided cost rate (wholesale rate), which was approximately $0.04/kWh.  

Because the energy utility fiscal year did not align with the 12-month performance monitoring project, 

actual outcomes of energy utility balances and payments may differ from the values shown here.  No 

farm experienced annual revenues for electric sales. 

 

The third portion of the annual revenues was carbon credit sales.  In the year since the monitoring time 

frame, voluntary market carbon credit revenues in general have significantly declined in North America, 

and the unit values used for this analysis are highly unlikely to be achieved again unless the market 

drastically improves.  The average GHG emission reductions determined for each farm and the average 

monthly price per TCO2e for the appropriate carbon market during the monitoring project were used to 

yield the annual revenue realized by each farm participating in carbon credit sales.   

 
Table 35. Total annual revenues ($) realized by each of the seven farms that underwent an economic analysis 

 Patterson 
New Hope 

View 
Noblehurst Sunny Knoll Emerling Ridgeline AA Dairy 

Non-
manure 

feedstock 
tipping fees 

633,782 0 66,800 30,240 0 145,236 0 

Carbon 
credit sales 

13,497 0 45,660 0 0 6,716 0 

Electricity 
sales 

0 0 0 0 0 0 0 

Total annual 
revenue ($) 

647,279 0 112,460 30,240 0 151,952 0 

 

The annual revenues realized by each of the seven farms varied depending on which farms participated 

in carbon credit trading, and which farms accepted non-manure feedstocks and were paid a tipping fee.  

Patterson farms saw the highest annual revenues at $647,279 due mostly to the tipping fees received 

(97.9% of the annual revenue) for the various waste streams accepted and digested on-farm.  Three of 

the farms had digester systems that were not capable of generating revenue under the variables 

explored for this analysis. 

Cost/Benefit Analysis Findings 

Considering the total annual costs, the total annual savings, and the total annual revenues, the final 

outcome of the total cost/benefit analysis was either an annual economic liability (represented by 

positive table values in Table 36) or an annual economic benefit for the farm (represented by negative 
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table values in Table 36).  If a total annual benefit was determined, this value would not be the annual 

profit generated by the AD system; an annual profitability analysis would need to be performed to 

determine this value.  The final values for the cost/benefit analysis are shown in Table 36 for each of the 

seven farms analyzed.   

 
Table 36. Final conclusions of the cost/benefit analysis for the seven farms  

 Patterson 
New Hope 

View 
Noblehurst 

Sunny 
Knoll 

Emerling Ridgeline AA Dairy 

Total annual 
cost/benefit 

($) 
($424,604) $98,245 ($52,795) $40,035 $164,646 ($131,004) $42,453 

Total annual 
cost/benefit 
per LCE ($) 

($410) $104 ($33) $27 $127 ($224) $73 

 

Each of the seven farms exhibited extremely varying cost/benefit conclusions.  One would expect to see 

a certain degree of variation dependent upon, among other things, farm size, AD system design, AD 

system age, and ability to accept co-digestion substrates on-site, which may involve additional 

infrastructure. 
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