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Introduction 
 
Synergy Biogas, LLC, contracted with a dairy farm, located in Wyoming, NY, currently milks 
approximately 1,850 cows to provide anaerobic digester gas (ADG) facilities.  Recently, the farm 
has installed a complete mix digester and a biogas based electrical generation system to help 
treat the manure produced by the cows and to utilize the waste gas produced by digestion to 
generate electricity. 
 
This plan describes the approach to monitor the performance of the ADG system that is installed 
by Synergy Biogas, LLC to produce biogas and electricity.  Biogas is used to drive an engine-
generator to produce power that is exported back to the local utility.  A monitoring system is 
installed to measure and collect the data necessary to quantify the electric power produced by the 
engine-generator.  The data will serve as the basis for payment of a capacity incentive to help 
offset the capital expenses associated with the procurement of the new generation equipment and 
three (3) years of performance incentive payments, which Synergy Biogas, LLC has applied for 
under a Standard Performance Contract with NYSERDA based on a Total Contracted Capacity 
of 400 kW. 

ADG System Description  
 
The digester system at the farm was designed by Bigadan A/S.  With the addition of the new 
engine-generator, the site will operate a 1426 kW synchronous engine-generator system with 
piping and controls installed in the engine room near the digester. 
 
The electrical system includes controls to synch the generator to the grid.  The generator is 
connected through one (1) bi-directional meter to the National Grid distribution system.  The 
electricity generated is used to run the biogas digester plant which uses about 200 kW 
continuously and the additional power is sold back to the grid.   
 
Figure 1, in Appendix A, includes photographs of the digester and the electric generation system. 
 
Figure 2, in Appendix A, schematically shows the biogas system and engines.  Approximately 
1,850 cows are kept in three (3) barns, two (2) free-stall barns and one (1) barn housing the 
milking parlor and approximately 250 cows.  Manure is scraped to a trench at the center of the 
free-stall barns and flows by gravity to the pumping pit.  From the pumping pit, manure is 
pumped to one of the two (2) receiving tanks serving the biogas plant.  Food grade industrial 
waste is delivered by truck to the other receiving tank.  Each of the receiving tanks have 
agitators.  The receiving tanks are covered and air is pulled off the tanks and through a Biofilter 
for odor control.  Influent biomass is pasteurized prior to anaerobic digestion.  Approximately 
once an hour, biomass from the receiving tanks is pumped through the heat exchangers and into 
one of three (3) pasteurization vessels.  Biomass is held in a pasteurization vessel at 
approximately 160°F for one hour.  Once pasteurized, biomass is pumped through heat 
exchangers and into the digester vessel.  The digester vessel is an insulated bolted steel tank with 
a single mixer mounted in the roof.  The digester operates in mesophilic range (approximately 
102°F).  The detention time in the digester is at least 20 days.  Digested biomass flows to a 
bolted steel storage tank fitted with a gas storage cover.  From the storage tank, biomass is 
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pumped to screw press separators.  Fiber fraction is used for bedding at the dairy and liquid 
fraction is stored in a lagoon system and land applied to crop land.  Biogas flows by natural 
pressure from the digester through a H2S (hydrogen sulfide) scrubber to gas storage.  From gas 
storage, biogas flows through the condensate well to the blower feeding the CHP unit and boiler 
or to the flare.  Table 1, below depicts the biogas electric generation system components. 
 

Table 1.  Biogas Systems at Synergy Biogas, LLC 

Digester Bigadan A/S 
Complete Mix, heated, hard cover 

Feedstock Dairy Manure, ~1,850 cows 
Food Grade Industrial Waste 

 
Engine-Generator 

Jenbacher Type 420 cylinder Engine 
Jenbacher JMC420 Generator – 1426 kW 
400 kW contracted output on biogas 
480 VAC, 3 phase 

 
Biogas Conditioning 

H2S removal 
Condensate well 
Pressurization of biogas to approx. 1.5 psi 

Engine Backup/startup Fuel None 
Heat Recovery Use Heat influent biomass 

 

Monitoring System Equipment, Installation, Operation, and 
Maintenance 
 
Figure 2 also shows the locations of the three (3) data monitoring points which are used to 
measure system performance.  A gas meter measures biogas input to the flare (FGF), and a 
second meter measures biogas input to the engine (FGE). A power meter, located between the 
engine generator and the circuit breaker panel measures the kilowatts and kilowatt hours 
generated (WG).  Information on these data points is shown in Table 2. 
 

Table 2.  Monitored Points for ADG System 

Point 
Type 

Point 
Name 

Description Instrument Engineering 
Units 

Expected 
Range 

Pulse WG Engine-Generator 
Power 

Dia.ne XT3 control system 
 

kW 
 
kWh 

0-1426 kW 
 
0-356.5 kWh/15 
minutes 

Pulse FGF Flared Biogas Flow 
Esters Elektronik 
Model GD100/100/3 Ex (biogas) 

m3/h 
10-1000 
m3/hour (every 
15 seconds) 

Pulse FGE Biogas Flow to Engine 
Esters Elektronik 
Model GD100/100/3 Ex (biogas) 

m3/h 
10-1000 
m3/hour (every 
15 seconds) 
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The electrical output of the new engine will be measured with a Jenbacher Dia.ne control system 
(WG). This system includes an LCD display and is installed next to the electrical panel for the 
new engine.  The system has the capability to measure kWh data and will be utilized instead of a 
separate power transducer.  The control system was installed according to requirements in the 
“Dia.ne XT3 User Manual” (Appendix B). The meter will have its own circuit breaker or inline 
fuse to provide over-current protection. 
 
The biogas input to the engine will be measured by a Esters Elektronik gas meter (FGE) with 
impulse output installed just past the blower on the line to the CHP Unit.  A second gas meter 
(FGF), located near the ceiling of the digester, will measure the biogas directed to the flare.  The 
meters were installed in accordance with the provisions of the “Instruction Manual IM 300 E 
Fluidistor Gas Flowmeter GD 100/LRM (Ex) – Installation, maintenance and troubleshooting” as 
part of the engine generation equipment provided by Bigadan.  Maintenance activities will be 
performed in accordance with the instructions in the O&M manual.  A log of maintenance 
activities for the meter will be maintained at the site. 
 
The lower heating value for the biogas is conservatively estimated to be 520 Btu/ft3. Once the 
system is operational, this value will be verified weekly based on measurements of carbon 
dioxide using a Sewerin SR2-DO Gas Analyzer for CO2 range 0-100%.  Farm personnel will 
perform the CO2 (carbon dioxide) tests and record the results in the project log. 
 
CDH Energy will install a datalogger to log the data from the three (3) monitoring points listed 
in Table 2.  The datalogger will be programmed to average or totalize data for each monitoring 
point for each 15-minute interval as appropriate.  A record of all multipliers and datalogger 
settings will be maintained. The datalogger will be located in the engine room next to the control 
panel, and will be connected to an uninterruptible power supply (UPS) to ensure the datalogger 
retains its settings and data in the event of a power outage.  The UPS is capable of powering the 
data logger for at least one day.  The farm will provide a dedicated phone line (or an Ethernet 
connection with fixed IP address) that will be used to communicate with the data logger.  The 
NYSERDA CHP Website Contractor (CDH Energy Corp.) will communicate with the data 
logger nightly to extract monitored data from the data logger and transfer the data to the 
NYSERDA CHP Website.  If communications are lost, the data logger is capable of holding at 
least 15 days of 15-minute interval data. 
 
Synergy Biogas, LLC staff will be responsible for the cost to purchase and install the data 
logger/power meter (WG) and biogas meters (FGF and FGE).  The bi-directional power meter 
on the main utility line (WTin and WTexp) was installed as part of the net metering 
interconnection agreement with National Grid. 
 
Management of Monitoring System Data (Farm Responsibilities) 
 
The Synergy Biogas, LLC staff will perform the following quality assurance and quality control 
measures to ensure the data produced from the monitoring system accurately describes system 
performance.   
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Upon installation of the monitoring equipment, the Synergy Biogas, LLC equipment manager 
will work with the installation contractors or equipment vendors to ensure that the monitoring 
equipment is functioning properly.  The Synergy Biogas, LLC equipment manager will review 
the operation manuals for an understanding on how to use and maintain these meters.   
 
On a daily basis, the Synergy Biogas, LLC equipment manager (or other specified employee) 
will perform inspections of the digester and engine-generator equipment and record findings into 
the project log.   
 
On a weekly basis, the Synergy Biogas, LLC equipment manager will perform inspections of the 
QA/QC meter installations and complete the routine maintenance on the meters, noting any 
abnormalities or unexpected readings.  The farm will also maintain a weekly log of the 
cumulative power generation (kWh) and gas flow (m3) from the new engine in the event that data 
transfer to the NYSERDA CHP Website fails or other anomalies occur. 
 
On a weekly basis, the Synergy Biogas, LLC staff will review the data stored on the NYSERDA 
CHP Website (chp.nyserda.org) to ensure it is consistent with their observed performance of the 
ADG system and logged readings.  Synergy Biogas, LLC will review the data using the reporting 
features at the website, including: 
 

• Monitored Data – Plots and Graphs 
• RPS: Customer-Sited Tier Anaerobic Digester Gas-to-Electricity Program NYSERDA 

Incentive Program Reports 
 

In addition, the Synergy Biogas, LLC staff will also setup and use the email reports that are 
available at the CHP Website to help the track system performance, including: 
 

• A periodic email report summarizing performance and the estimated incentive, 
• An email report will be sent out if data are not received at web site or do not pass the 

quality checks. 
 
The website will automatically take the data collected from the data logger and evaluate the 
quality of the data for each interval using range and relational checks.  The expected ranges for 
the sensors (see Table 2) will be used for the range checks.  The relational check will compare 
the kWh production data and gas production data for each 15-minute interval to ensure both 
meters always provide non-zero readings at the same time (e.g., to detect if a meter has failed).  
Only data that passes the range and relational quality checks are used in the incentive reports 
listed above.  However, all hourly data are available from the NYSERDA CHP Website using 
the “Download (CSV file)” reporting option.   
 
In the event of a communications or meter failure, Synergy Biogas, LLC personnel will work 
with CDH to resolve the issue.   
 
If unanticipated loss of data occurs when the engine-generator continues to produce electricity, 
Synergy Biogas, LLC will follow the procedures outlined in Exhibit D of their contract, i.e. 
using data from similar periods – either just before or after the outage – to replace the lost data.  
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Synergy Biogas, LLC personnel understand that they can use this approach for up to two (2) 36-
hour periods within each 12-month performance reporting period.  If more than two (2) such data 
outages occur, Synergy Biogas, LLC personnel will provide information from other acceptable 
data sources (e.g., weekly recorded logs) to definitively determine the amount of power that was 
produced from biogas during the period in question. 
 
 
Annual Performance Reports 
 
The Farm will prepare the Annual Performance Report summarizing the monthly data over the 
12-month performance period.  The report will include a table showing the monthly kWh 
production, biogas used by the engine, and other data listed in Table 3.  The farm may use the 
NYSERDA Incentive Program Reports found on the CHP website.  Alternatively, they may 
provide their own summary of the data (using hourly CSV data downloaded from the Website) 
along with a narrative justifying why their data and calculations are more appropriate.  The 
methods for calculating these values are provided below. 
 

Table 3.  Summary of Monthly Data for Annual M&V Report 

Start Date 
of 

Reporting 
Period 

Monthly 
Periods 

Number of 
Days in 

Reporting 
Period 

Electricity 
Production, 
kWhgenerator 

Biogas 
Production, 

CF (cubic feet) 

Biogas to 
Flare,  
CF 

Biogas to 
Engine, 

CF 

Biogas LHV, 
BTU/CF  

Biogas Energy 
Content, 
Qbiogas  
BTU 

         

         

         

         

         

         

         

         

         

         

         

         

TOTALS         

 
 
The Farm will calculate monthly values for lower heating value of the biogas (LHVbiogas), total 
energy content of the biogas (Qbiogas), total energy of the propane (Qpropane), and adjusted kWh 
production (kWhadjusted) as follows. 
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Monthly Biogas Lower Heating Value 
The readings of CO2 concentration in the biogas gathered weekly to estimate the average 
monthly Biogas Lower Heating Value using the following equation:   
 

)1(
2COmethanebiogas FLHVLHV −⋅=  

 
where: 

LHV methane  -  lower heating value of methane  
  (520 Btu/ft3 at standard conditions, 60 °F and 1 atm) 

FCO2  -  fraction of biogas that is CO2 (average of readings for each month) 
 
 

Monthly Biogas Energy Content 
Calculate the average monthly Biogas Energy Content using the following equation:   
 

biogasbiogas LHVCFQ ⋅=  

 
where:   

CF  -  volume (ft3) of biogas in month  
 
 

Monthly Propane Energy Content 
Calculate the average monthly Propane Energy Content using the following equation: 
 









⋅=

gal

Btu
GallonsQ LHV

propane 500,83  

 
where:   

Gallons  - propane consumption in the period (gallons)  
 
 

Monthly Adjusted Electricity Production 
Calculate the monthly adjusted electricity production using the following equation: 
 













+
=

propanebiogas

biogas
generatoradjusted QQ

Q
kWhkWh  

where:   
kWhgenerator  - actual electricity production 

 
In some cases, propane data may not be available on a monthly basis.  In this event, the 
calculations to determine the adjusted electric production using Qpropane will be completed at the 
smallest possible interval (not greater than 12 months). 
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Reasonable Electrical Efficiency 
The Annual Performance Report will also provide a comparison of power output and fuel input 
for the engine to confirm their reasonableness.  For instance, the electrical efficiency – measured 
as power output (kWhgenerator) divided by the energy content of the fuel input (Qbiogas + Qpropane) in 
similar units and based on lower heating value – should be in the 25% over any interval for the 
engine generator on Synergy Biogas, LLC site. 
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