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Introduction 
This plan describes the approach to monitor the performance of the anaerobic digester gas 

(ADG) to electricity system that is being installed at the Gloversville-Johnstown Joint 

Wastewater Treatment Facility (GJJWWTF).  Biogas will be used to drive an engine-generator 

to produce power that will be consumed on site.  A monitoring system will be 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 three (3) years of performance 

incentive payments, which the Gloversville-Johnstown Joint Sewer Board, has applied for under 

a Standard Performance Contract (SPC) with the New York State Energy Research and 

Development Authority (NYSERDA) based on a total contracted capacity of 460 kW. 

ADG System Description  
The Anaerobic-to-Digester Gas (ADG) System is comprised of one primary digester with an 

effective volume of approximately 1,500,000 gallons and one secondary digester with an 

effective volume of approximately 1,300,000 gallons. Both digesters are equipped with mixing, 

heating and gas collection equipment and appurtenances.  Under normal operation the primary 

digester is continually mixed and heated, while the secondary digester is only mixed 

periodically.  The primary digester is equipped with a floating steel, truss type, duodeck cover, 

while the secondary digester’s cover was fixed in place and biogas storage provided by a dual 

membrane gas holder with an approximate working volume of 47,000 cubic feet (ft3) at a 

working pressure of 11 inches of water column (w.c.).  Biogas is collected from both the primary 

and secondary digesters prior to storage, utilization or flaring.  The digester mixing system 

compresses biogas with a liquid ring pump to approximately 13 pounds per square inch (psi) for 

use with the confined gas bubble mixing systems.  Refer to Figure 1, for a system schematic of 

the biogas system. 

The combined heat and power system will be utilized to produce electricity and recover waste 

heat from engine generators to heat the digesters to approximately 98o Fahrenheit (F).  Biogas to 

be utilized in the engine generators will be compressed to 5 psi with liquid rings pumps.  Biogas 

from anaerobic digesters has a high relative humidity, nearly 100 percent.  The relative humidity 

will be reduced to approximately 55 percent with the use of a desiccant drying system.  Any  
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liquid or solid particulates greater than 0.3 microns (µm) will be removed from the biogas by two 

coalescing filters.  The liquid ring pumps, desiccant filter and coalescing filters will be located 

on the second floor of the existing digester building. 

Table 1.  Cogeneration System 

Digester Two-stage anaerobic digesters, mixed, covered, heated 

Feedstock Thickened primary, secondary and recuperative sludge 

Engine-Generators 

(2) Caterpillar Model No. 3508 

350 kW output on biogas, total 700 kW 

480 VAC, 3 phase 

Biogas Conditioning 

(1) Van Air Systems Model No. D48 Deliquescent Dryer 

(2) Burgess Manning Model No. 3900V-12-1150 

UltraSep Coalescing Filter Separator 

Engine Backup/startup Fuel Natural Gas 

Heat Recovery Use Digester heating 

Exhaust Heat Recovery 
(2) Cain Industries Model No. UTRI-606A.5SSP 

528 MBtu/hr 

Engine Heat Recovery  
(2) ITT Industries Model No. P22 

1.4 MBtu/hr 

 
The engine generators and heat recovery systems will be located in the existing energy recovery 

building adjacent to the digester building.  Each generator is a Caterpillar Model No. SR4B, 350 

kW rated, synchronous generator equipped with a Caterpillar Model No. 3508 ultra low 

emissions gas engine.  The generators are designed to operate in any of the following modes of 

operation: 

Utility Parallel Mode 
The engine generators will operate in parallel with the utility power supply.  The PLC based 

controls will not allow the generator load level to exceed the facility’s electrical demand and 

prevent kW export to the utility.  As the utility import power approaches zero the PLC based 

controls will automatically reduce the base setpoint to prevent export.  This dynamic setting will 

allow the generators to increase power if the utility load increases at the facility. 
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Standby Mode 
The engine generators will operate for standby service should the utility power supply fail, as 

sensed by the intertie protective relays the utility control panel, located by the facility high 

voltage service yard.  The utility control panel protective devices will trip the 13.2 KV breaker 

after relaying time delays have expired.  With the main breaker open, both engines will 

automatically start and ramp to rated voltage and frequency.  The first to reach operating voltage 

and frequency will connect to the bus, becoming the synchronizing reference for the remaining 

generator.  If the facility power load is greater than the demand of a single generator, the second 

generator will connect to the bus.  Standby operation will continue until the utility power is 

restored either automatically or through operator override. 

Island Mode 
Isolated bus operation will occur whenever the engines are running and the utility power is 

interrupted.  The engine generators will immediately revert to isochronous load sharing of the 

bus load.  Load controls will be in place to prevent overload of the generator bus.  

The engine generators will be connected to the existing high service yard where the main utility 

power switchgear is located to feed the entire facility depending on the electrical demands.  The 

voltage will be increased from 480V to 13.2KV by a 1000 KVA transformer.  Refer to Figure 2, 

for a one -line diagram of the facility main switchgear and generator interconnection. 

The engine generators will produce a significant amount of waste heat depending on the energy 

load at the facility that can be recovered for digester heating.  Each heat dump radiator, one per 

engine generator, is sized to reject 1,540,000 Btu/hr when the heat loads for the digesters are 

minimal.  Based on a 0o F day the heating load to the primary digester is 1,850,000 Btu/hr and 

the existing spiral sludge heat exchanger has a rated capacity of 2,250,000 Btu/hr.  Refer to 

Figure 3, for a schematic of a typical engine generator cooling loop.  The after cooler and jacket 

cooling loops are a 50/50 ethylene glycol/water mixtures that transfer heat to an intermediate 

recovery loop that is comprised of water.  The intermediate recovery loop transfers heat to the 

sludge heating loop, refer to Figure 4.  The intermediate cooling loop is provided to separate 

sludge from the engine generator cooling loops and to avoid contamination of the piping. 
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Monitoring System Equipment, Installation, Operation, and 
Maintenance 
Figure 1 also shows the locations of the engine fuel flow meters that will be used throughout the 

duration of the contract to monitor biogas consumption.  Electrical meters will be provided on 

each of the skid-mounted generators that will be used throughout the duration of the contract to 

monitor electrical production.  There is a gas analyzer that will be provided on the common 

biogas feed to the two engine generators that will monitor the methane (CH4) content of the 

biogas and be interconnected to the Woodard air fuel ratio controller on each engine generator.  

The amount of CH4 in the biogas directly correlates to the fuel heating value of the biogas and 

Woodard controller will adjust the timing of the engines to maximize performance.  Information 

on these data monitoring points is shown in Table 2.   

Table 2.  Electrical and Biogas Monitoring Points 
Point 
Type 

Point 
Name 

Description Instrument Accuracy Expected 
Range 

Real - Engine-Generator 
Power 

Basler Model No. BE1-GPS100 
Meter Function 

with 3 CTs, 600A 

±1% at unity 
PF 0-350 kW 

Real - Engine-Generator 
Power 

Basler Model No. BE1-GPS100 
Meter Function 

with 3 CTs, 600A 

±1% at unity 
PF 0-350 kW 

Analog FIT 423  
FE 423 

Engine Fuel Flow 
 

FCI Model No. GF90 
Standard Conditions 

70oF, 14.7 psi 

±1% reading 
+ 0.5% full 

scale 
0-120 SCFM 

Analog FIT 443 
FE 443 

Engine Fuel Flow 
 

FCI Model No. GF90 
Standard Conditions 

70oF, 14.7 psi 

±1% reading 
+ 0.5% full 

scale 
0-120 SCFM 

 
The electrical output of each engine will be measured with an electronic wattmeter, utilizing the 

current transformers (CTs) and potential transformers (PTs) located in the rear of the switchgear 

and integral to the protective relay configuration of the system.  The real time meter provides 

Watt, Watt-hr, VAR, VAR-hr, voltage and amperage measurements.  Display of the data can be 

accessed by the Basler BE1-GPS100 protective relay’s Human Machine Interface (HMI) or the 

main control panel HMI mounted on the front door of the switchgear.   

The gas input to the engine generators will be measured by FCI Model No. GF90 direct mass 

flow meter.  The meter has dual calibrations for both digester and natural gas and provides an 

output as a function of the velocity, standard volume, and mass flow.  The electrical meters, 
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engine fuel flow meters and the gas analyzer, all have been supplied by the engine generator 

manufacturer, Southworth-Milton, Inc.  

The NYSERDA CHP Website Contractor (CDH Energy) will install an Obvius AcquiLite 

datalogger to compile and log the data from the monitoring points listed in Table 2. Cut sheets of 

the datalogger are attached in the Appendix. The datalogger will be programmed to record the 

totalized data for each monitoring point for each 15-minute interval. A record of all multipliers 

and datalogger settings will be maintained.  The datalogger will be located in the electrical 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.  Gloversville-Johnstown Joint 

Wastewater Treatment Plant will provide a dedicated phone line (or an Ethernet connection with 

fixed IP address) that will be used to communicate with the datalogger.  CDH Energy will 

communicate with the datalogger nightly to extract monitored data from the datalogger and 

transfer the data to the NYSERDA CHP Website.  If communications are lost, the Obvius 

datalogger is capable of holding at least 15 days of 15 minute interval data. 

Management of Monitoring System Data 
Gloversville-Johnstown Joint Wastewater Treatment Facility personnel will perform the 

following quality assurance and quality control measures to ensure the data produced from the 

monitoring system accurately describes system performance.   

On a daily basis, a Chief Operator, or his designated representative, will perform inspections of 

the digesters and engine generator equipment and record findings into the project log.  On a 

weekly basis the Shift Operator will record the value of the CH4 in the biogas. 

On a weekly basis, the Manager of Maintenance, or his designated representative, will perform 

inspections of the M&V meter installations and complete the routine maintenance on the meters, 

noting any abnormalities or unexpected readings.  Gloversville-Johnstown Joint Wastewater 

Treatment Facility will also maintain a weekly log of the cumulative power generation (kWh) 

from, and biogas and natural gas flow (ft3) to engine generators in the event that data transfer to 

the NYSERDA CHP Website fails or other anomalies occur. 
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On a weekly basis, the Manager of Wastewater Programs will review the data stored in the 

NYSERDA CHP Website (chp.nyserda.org) to ensure it is consistent with their observed 

performance of the ADG system and logged readings.  Data will be reviewed using the reporting 

features at the web site, including: 

• Monitored Data – Plots and Graphs  and   

• RPS: Customer-Sited Tier Anaerobic Digester Gas-to-Electricity Program NYSERDA 

Incentive Program Reports 

In addition, the Manager of Wastewater Programs will also setup and use the email reports that 

are available to help the track system performance, including: 

• a periodic email report summarizing system performance and the estimated incentive, 

• an email report sent out if data are not received at web site or do not pass the quality 

checks 

The CHP website will automatically take the data collected from the datalogger and evaluate the 

quality of the data for each interval using range and relational checks.   The expected ranges for 

the sensors, which will be used for the range checks, are listed in Table 2.  The relational check 

will compare the kWh production data and gas production data for each interval to ensure both 

meters always provide non-zero readings at the same time (e.g., a meter has failed).  Only data 

that pass 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, the Gloversville-Johnstown Joint Wastewater 

Treatment Facility personnel will work with CDH to resolve the issue in a few days. 

If unanticipated loss of data occurs when the engine-generator continues to produce electricity, 

Gloversville-Johnstown Joint Wastewater Treatment Facility 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.  Gloversville-Johnstown Joint Wastewater Treatment Facility 

understands that they can use this approach for up to two 36 hour periods within each 12-month 
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performance reporting period.  If more than two such data outages occur, Gloversville-

Johnstown Joint Wastewater Treatment Facility 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 M&V Reports 
Gloversville-Johnstown Joint Wastewater Treatment Facility will prepare the Annual M&V 

Report, which will include a table showing the monthly kWh production biogas sent to the 

engine, and other data listed in Table 3.  The WWTF 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 Data for Annual M&V Report 
Month  Electricity 

Production, 
kWh 

Biogas to 
Engines  

ft3 

Natural Gas 
to Engines,  

ft3 

Biogas 
LHV,  

(BTU/ft3) 

Biogas 
Energy 

Content,  
(BTU) 

Natural 
Gas 

Energy 
Content, 
(BTU) 

Adjusted 
Electricity 
Production, 

kWh 

Month 1        
Month 2        
Month 3        

….        
….        
….        

Month 
12 

       

 
 
Gloversville Johnstown will utilize data collected from the gas analyzer to determine the lower 

heating value of the biogas, and total energy content of the biogas as follows. 

Monthly Biogas Lower Heating Value 
Gloversville-Johnstown Joint Wastewater Treatment Facility will use the readings of CH4 

percentages in the biogas gathered in real time by the gas analyzer to estimate Biogas Lower 

Heating Value using the following equation:   

)( 4CHmethanebiogas FLHVLHV ⋅=  
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where, 

LHVmethane : lower heating value of methane (911 Btu/ft3 at standard conditions, 60 °F 

and 1 atm) 

 FCH4 : monthly average fraction of biogas that is CH4 based on the gas analyzer 

Monthly Biogas Energy Content 
Gloversville-Johnstown Joint Wastewater Treatment Facility will calculate the average monthly 

Biogas Energy Content using the following equation:   

biogasbiogas LHVCFQ ⋅=  
 
where,   

CF : volume (ft3) of biogas delivered to engines in a month (standard cubic feet) 

Monthly Natural Gas Energy Content 
Gloversville-Johnstown Joint Wastewater Treatment Facility will calculate the average monthly 

Natural Gas Energy Content using the following equation:   









⋅= 3028,1

ft
Btu

CFQ LHV
NG  

 
where,    
 CF : natural gas consumption in the month (standard cubic feet) 

Monthly Adjusted Electricity Production 
Gloversville-Johnstown Joint Wastewater Treatment Facility will calculate the monthly adjusted 

electricity production using the following equation:   

  












+
=

NGbiogas

biogas
generatoradjusted QQ

Q
kWhkWh  

 
where,   

kWhgenerator : actual electricity production  
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Appendix 
 
Cut sheets for: 
 
 Basler Model No. BE1-GPS100 

 
FCI Model No. GF90 

 
AquiLite Data Acquisition Server – A7801-1 
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Johnstown / Gloversville Addendum 
 
Site Events 
Date Event 
6/11/2010 Internet connection w/ static IP provided 
7/1/2010 Install Data Logger, Receive First File 
 
 
Hardware 
Device Strip PLC 

Outputs 
Output (units) Data Point 

Basler Model #: 
BE1-GPS100 

TM-4 17,18 kWh (acc) WG 

FCI Model #: 
GF90 

TM-4 19,20 CF & CFM FGE 

 
 
Database Setup 
Chan Name              Device      column
WG,                    mb-001,     0 
FG,                    mb-001,     5 
 
 
Sensor Verification 
 
Power Meters 
 
Being measured in the main fenced / barbed wire 13,000 volt panel.  
 
 
 
Flow Meters 
 
One installed, one had problems and is being replaced.  Biogas flow in display of PLC is only 
gas to one engine untill second meter is reinstalled. 
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Photos                  

 
Caterpillar engine / generator.  Both are identical. 

 
Generator display / power quality 
 

 
PLC cabinet display  Biogas flowmeter - one (1) per engine 

 

Biogas flow meter displays - one currently 
installed. 

 
Breakers - Generators 1 & 2, and feeder to 
facility. 
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Inside PLC / control system panel.  Pulse outputs 
wired on left - TM4, inputs 17-20 

 
Power displays (left to right) - kW purchased 
from utility, kW generated (both generators), 
total facility demand.  
 

 

 
  
13,000  panel - location of CT’s measuring 
engine output 
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