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Summary of Findings 
 

In an effort to address rising costs and the environmental impacts associated with the 
increasing demand for electrical power at the Narragansett Bay Commission’s (NBC) 
Bucklin Point Wastewater Treatment Facility located in East Providence Rhode Island the 
NBC initiated a technical and economical study into the feasibility of utilizing biogas 
produced from the anaerobic digestion of wastewater treatment sludge within a Combined 
Heat and Power System to offset a portion of this wastewater treatment facility’s 
operational energy and heat demands.  The attached NBC Bucklin Point Renewable Biogas 
Energy Feasibility Report contains the findings of this “Feasibility Study.” 
 
The NBC, utilizing mostly in-house engineering expertise, initiated the study in March 
2006 with the award of a $25,000 matching funds grant from the then State of Rhode 
Island Energy Office.  As part of this study NBC: quantified biogas production, 
investigated CHP and biogas treatment equipment options, collected and analyzed samples 
of biogas for the presence of contaminates detrimental to the CHP process, investigated 
environmental impacts, and conducted a detailed cost/payback analysis including 
identification of various project funding opportunities.  In summary the Feasibility Study 
concluded: 
 
Biogas Production – Sufficient quantities of biogas in the range of 11,200 to 11,700 
standard cubic feet per hour (2680,000 – 280,00 scfd) are produced to support a small CHP 
Distributed Energy Project that offsets the retail value of NBC electrical and natural gas 
use. 
 
Combined Heat and Power System - A CHP system using either a microturbine or a 
reciprocating engine as a prime-mover has been found to be technically achievable.  As 
part of the contractor selection process a final decision will be made on which type of 
prime-mover to install and will be a function of both economics and environmental 
impacts. 
 
Financial Concerns – Utilizing the sale of Renewable Energy Credits and taking 
advantage of available grant funds the project can be expected to provide a payback period 
(depending on the availability of grant funds) of between 5 to 11 years.  
 
Local/State Permitting – The project falls under the permitting authority of the Rhode 
Island Department of Environmental Management with respect to air emissions.  Upon 
selection of a prime mover the permitting process will be initiated. 
 
Environmental Impacts – The project will result in overall environmental benefits 
associated with carbon offsets as a result of more efficient utilization of the biogas.   
 
In conclusion the Feasibility Study has determined that the NBC Biogas Renewable 
Energy Project is technically and economically achievable and will result in overall 
benefits to the environment. 
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1. Introduction 

1.1 Project Purpose and Scope 
 
The Narragansett Bay Commission (NBC) owns and operates the State of Rhode Island’s 
two largest Wastewater Treatment Facilities (WWTF) located at Bucklin Point (BP) in 
East Providence and Field’s Point (FP) in Providence.  Combined these facilities provide 
sewage and stormwater collection services to approximately 1/3 of the State of Rhode 
Island’s population located within ten cities and towns.   
 
Wastewater collection and treatment operations are in general energy intensive and NBC’s 
operations are of no exception.  In 2008 NBC’s BP WWTF used more than 12,500,000 
kWh of electricity and 57,000 therms of natural gas.  Recognizing the cost savings and 
environmental benefits of sound energy management practices NBC has and continues to 
work diligently to operate energy efficient processes and operations and to conserve energy 
wherever feasible.  Working both on its own and with National Grid, NBC has to date 
conducted numerous energy savings activities including but not limited to: the installation 
of a solar hot water heater at the FP WWTF Administrative Building (EPA Energy Award 
Recognition), the installation of premium efficiency motors at both the FP WWTF and BP 
WWTF, energy efficient aeration upgrades at the BP WWTF, and the implementation of 
numerous lighting and HVAC system upgrades throughout NBC’s many buildings and 
facilities.    
 
Through this project NBC is seeking to provide a significant portion, 40 – 50% - based on 
CY2008 usage, of the BP WWTF’s energy demand with a renewable source of energy 
consisting of biogas generated from the anaerobic digestion of wastewater treatment 
sludge.  The project focuses on the design, placement and use of a Combined Heat and 
Power (CHP) System, in the nameplate range of 500 kW – 600 kW to supply electricity 
and useful heat to the BP WWTF operations.   

1.2 Background 
 
In an effort to continuously improve upon energy use performance and to help establish a 
sustainable energy management plan for the future, NBC, using a $35,000 EPA Grant 
Awarded in October 2005, conducted investigations into the potential use of available 
renewable energy resources at both the BP WWTF and FP WWTF.  Based on the results of 
these preliminary investigations NBC decided to focus additional efforts on investigating 
the potential use of wind power at the FP WWTF and the use of bio-gas for the production 
of electricity and useful heat at the BP WWTF.   
 
In March 2006 NBC was awarded a $25,000 matching funds grant from the Rhode Island 
Office of Energy Resources (RIOER) to conduct a detailed study into the technical and 
economic feasibility of utilizing renewable biogas energy at the BP WWTF as part of a 
Combined Heat and Power (CHP) energy recovery process.   
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Between March 2006 and September 2007 NBC’s Pollution Prevention Engineer initiated  
a Renewable Biogas Energy Feasibility Study” (Biogas Feasibility Study) that included 
quantifying biogas production rates at the BP WWTF, sampling and identifying various 
contaminates within the biogas, and identifying the best ways of utilizing biogas as a 
renewable source of energy.  Specific power generating technologies investigated were: 
fuel cells, Sterling engines, microturbines and reciprocating engines.  In October of 2007 
the firm of SCS Engineers, PC was contracted to conduct a Biogas Project Evaluation 
which included a review of NBC’s initial findings and a detailed investigation into biogas 
clean-up options and costs.  NBC’s Biogas Feasibility Study and SCS’s Project Evaluation 
identified two potential biogas renewable energy applications: 1) micro-turbines and 2) 
reciprocating engines to generate electrical power and recoverable heat 

 
This report summarizes the overall findings of NBC’s Biogas Feasibility Study. The 
overall study involved the investigation and documentation of issues regarding: project site 
considerations, CHP system selection and design, quantification of biogas generation, 
biogas clean-up options, local power grid interconnections, environmental impacts, project 
economic and financing; and the identification and planning of final project tasks and 
activities. 

2. Project Description 

2.1 Facility Description 
 
The NBC’s BP WWTF began operating in 1954 as the Blackstone Valley District 
Commission (BVDC) as a primary wastewater treatment facility.  In 1972 the facility was 
upgraded to secondary treatment with subsequent additional upgrades occurring in 1985, 
1989, 1992 and most recently in 2004.  In 1992 Rhode Island state legislation was passed 
that resulted in the merger of BVDC into the NBC.  The BP WWTF, while owned and 
operated by the NBC is currently (December 2009) managed by United Water. 
 
A comprehensive upgrade of the facility was completed in 2006 making it the most 
technologically advanced treatment plant in the state.  The NBC BP WWTF is currently 
capable of providing primary treatment to 116 million gallons per day (MGD) and 
secondary treatment to 46 MGD of combined stormwater and wastewater.  Average dry 
weather flow to the facility is approximately 28 MGD.  The BP WWTF has an 
approximate average daily electrical demand of 1.4 Megawatts.  Operations at the BP 
WWTF include primary settling and secondary biological wastewater treatment, biological 
nutrient removal, Dissolved Air Flotation (DAF) sludge thickening, ultra-violet 
disinfection, and anaerobic sludge digestion/stabilization.  Digested sludge is handled off-
site by Synagro, a third part contractor.  
 
The NBC BP WWTF is located at 102 Campbell Ave. in East Providence and is the second 
largest wastewater treatment facility in Rhode Island. The service area encompasses 
approximately 75 square miles and includes combined sanitary and wet weather sewer 
flows.  The facility is situated on approximately 45 acres of land adjacent to the Seekonk 
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River to the west, a residential neighborhood to the east and industrial facilities to the north 
and south: 

 
NBC BP WWTF Aerial View 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.2 BP WWTF Electrical Energy Use 
 
As noted above the wastewater treatment process at the BP WWTF went through a major 
upgrade between 2004 and 2006 to improve wet weather wastewater treatment capabilities, 
accomplish biological nutrient removal (BNR), and to incorporate the use of ultraviolet 
(UV) disinfection in place of chlorination/de-chlorination, all of which are energy intensive 
processes.   
 
The average monthly electric power demand at the BP WWTF is approximately 1.4 MW 
with the minimum average monthly demand averaging about 800 kW.  The following 
graph shows the minimum, average and maximum monthly electricity use for the time 
period January 2007 through December 2008: 

BP WWTF 
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The increasing trend in electrical use is attributed to the energy intensive process changes 
associated with the facility upgrades noted above.  The monthly variances in electric load 
are associated with seasonal flow and operational changes.  The WWTF electric load tends 
to be relatively low during the driest summer months when the grid may tend to experience 
peak seasonal demand.     
 
As demonstrated in the above graph the amount of electricity produced through this 
renewable energy project is not expected to exceed the average minimum electrical load of 
the BP WWTF.  This will allow NBC to offset that portion of its grid-supplied electric use 
with on-site generated renewable electricity, resulting in a savings equal to the retail value 
of the offset electricity.  Thus NBC should thus not have to rely on the limited Net 
Metering options available in the State of Rhode Island for renewable energy biogas 
projects (see Section 4.3 Net Metering).  

2.3 Anaerobic Digestion and Biogas Production 
 
The anaerobic digestion of sewage sludge results in a combined benefit of reduction in the 
volume of bio-solids for eventual off-site disposal and/or management, and the production 
of biogas which can be used for energy recovery. 
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The two mostly common processes used for the anaerobic digestion of wastewater 
treatment sludge are: mesophilic and thermophilic biological digestion.   The mesophilic 
process, which is utilized at the BP WWTF, operates at temperatures between 90 and 100 
°F, and the thermophilic process operates at elevated temperatures between 130 to 160 °F.  
The higher operating temperature of the thermophilic process increases the overall 
biological reaction rate and results in reduced residence times within the digester reaction 
vessels. The mesophilic process has residence times of between 15 and 30 days and the 
thermophilic process can operate with residence times of less than 14 days.  The 
mesophilic process, while more time consuming, is generally more stable than the 
thermophilic process1. 
 
Anaerobic digestion stabilizes wastewater sludge by reducing the overall mass of volatile 
solids, typically by 40 to 60%, through a series of complex biological reactions.  The 
digestion process occurs in three stages: hydrolysis of organic volatile solids (VS) into 
soluble organic compounds, conversion of the soluble organics into volatile organic acids, 
carbon dioxide, and hydrogen; and finally formation of methane from the volatile organic 
acids.  Biogas production is thus directly related to the quantity of VS destroyed by the 
overall digestion process.  Typical values will range from 12 to 18 standard cubic feet of 
biogas produced or every pound of volatile solids destroyed2. 
 
The BP WWTF anaerobic digestion process consists of three primary digesters and one 
secondary digester along with associated ancillary equipment including but not limited to: 
a boiler system capable of burning biogas and/or natural gas, a heat exchanger system, 
several biogas flow meters, and two waste biogas flares.   
 
The primary anaerobic digesters receive feed “sludge” from three separate sources:  
 

1) Settled “primary” sludge from the primary clarifiers,  
2) Oil and grease and other floatable materials skimmed and collected from the top of 

the primary and secondary clarifiers (referred to as “scum”), and  
3) Processed waste activated sludge from a Dissolved Air Floatation (DAF) system.  

 
The combined feed sludge to the digesters contains approximately 96 % water and 4 % 
totals solids.  The solids content in turn is made up of approximately 75 to 80 % volatile 
organic solids with the remaining solids consisting of inorganic and non-volatile organic 
matter.  As noted above it is the volatile organic solids content of the feed sludge that can 
be converted to biogas within the anaerobic digesters. 
 
The theoretical quantity of biogas that can be produced from a unit quantity of sludge can 
be estimated using the measured destruction rate of volatile solids (see Attachment 9.4 - 
BP WWTF Digester Feed Sludge Balance Table): 
 

QS ρ Xvs Dvs FB = VB 

                                                 
1 Sawyer, C.N., McCary, P.L., Chemistry for Environmental Engineer, Third Edition, McGraw Hill  
2 Water Environment Federation, Operation of Municipal Wastewater Treatment Plants, Manual or Practices 
No.11, Sixth Edition 
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Where:  
 
QS = Sludge Feed Rate into Digester (gallons/hour) 
ρ = Density of water (8.324 lb/gallon) 
Xvs = Mass Fraction of Volatile Solids in Sludge (lb VS/lb Sludge) 
Dvs = Destruction of Volatile Solids (lb VS Destroyed/lb VS in Sludge) 
FB = Conversion Ratio of Methane Produced to VS Destroyed (typically 12 to 18 standard 

cubic feet (SCF) of biogas can be produced for every pound of volatile solids 
destroyed – a value of 15 SCF/lb was used for this analysis) 

VB = Rate of Biogas Production (SCF/Hour) 
 
Biogas production at the BP WWTF is also measured through the following set of flow 
meters: 
 

• Meter - 1: Biogas Flow from Primary Anaerobic Digester-1  
• Meter - 2: Biogas Flow from Primary Anaerobic Digester-2 
• Meter - 3: Biogas Flow from Primary Anaerobic Digester-3 
• Meter – 4: Secondary Anaerobic Digester Biogas Flow 
• Meter -5:  Biogas Flow to the Boiler  
• Meter – 6: Biogas Flow to the Flare 

 
Using a mass balance approach the total biogas flow from meters 1, 2, 3 and 4 should 
equal the flow through meter 5 and 6. The biogas meter readings have however, been 
found to be inconsistent and inaccurate and the biogas flows seldom balance.  In order to 
obtain a good approximation of biogas production rates it was necessary to look at and 
compare both biogas meter readings and biogas theoretical calculations based on VS 
destruction as demonstrated in the following table: 
 

BP WWTF Monthly Average Biogas Production  
 

Date 
Influent 

Flow 
(MGD) 

Primary 
Flow 

Meters  
(SCFH) 

VS Mass 
Balance 
Biogas 

Production 
(SCFH) 

Total 
Boiler + 
Waste 

(SCFH) 

Jan-08 21.0 10,522 11,371 15,520 

Feb-08 26.6 13,081 11,084 17,708 

Mar-08 29.7 12,721 11,599 17,734 

Apr-08 22.8 14,114 13,404 19,365 

May-08 20.6 12,401 12,462 16,973 

Jun-08 17.7 12,432 11,187 13,966 

Jul-08 17.8 10,515 15,121 9,164 

Aug-08 16.3 10,410 8,668 8,338 

Sep-08 21.6 11,946 10,324 11,767 
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Date 
Influent 

Flow 
(MGD) 

Primary 
Flow 

Meters  
(SCFH) 

VS Mass 
Balance 
Biogas 

Production 
(SCFH) 

Total 
Boiler + 
Waste 

(SCFH) 

Oct-08 18.6 10,682 8,440 12,459 

Nov-08 20.1 9,760 10,972 14,139 

Dec-08 30.4 12,078 10,733 11,287 

Average 21.9 11,722 11,280 14,035 
 
As noted in the above table the sum of the biogas meter reading measurements from the 
three primary digester meters seems to agree well with the theoretical VS Mass Balance 
Biogas Production values.  Based on this analysis the BP WWTF anaerobic digestion 
process can be assumed to be capable of producing 11,200 to 11,700 SCFH (268,000 – 
280,000 SCFD) of a methane-rich biogas. The Project Evaluation is based on BP WWTF 
biogas production rates of 11,391 SCFH (273,384 SCFD).  These are the actual biogas 
production rates from February 1, 2005 through January 31, 2006. 
 
NBC currently uses approximately 2/3 of the biogas from the anaerobic treatment process 
to fuel three Burnham boilers which supply heat to the primary anaerobic digesters.  
Excess biogas is flared as waste and natural gas is utilized when the process heat demand 
is higher than the available energy content of the biogas. 

3. Biogas Composition 

3.1 Methane 
 
As noted in Section 2 of this report methane is produced as a by-product of the anaerobic 
digestions process.  In general, biogas from the anaerobic digestion of wastewater 
treatment sludge will be made up of approximately 60% methane, 35 % carbon dioxide 
and 5 % water vapor along with various trace contaminates.  The BP WTTF biogas has 
been sampled and analyzed on several occasion as noted in the following table:   
 

Biogas Composition 
 

Parameter December 15, 
2000 

August 2, 
2005 

June 2, 
2009 

Current 
Values as of 

September 23, 
2009 

Methane (% by volume) 64.0% 61.0% 60.5% 61.8% 
Carbon Dioxide (% by volume) 34.8% 36.0% 38.3% 36.4% 
Oxygen (% by volume) 0.004% 0.5% 0.25% 0.25% 
Nitrogen (% by volume) 0.02% 1.9% 1.0% 1.0% 
Hydrogen Sulfide (ppmv)1 90 260 97 149 
Chlorinated VOCs (ppmv) - 7.27 - 7.27 
Non-Chlorinated VOCs (ppmv) - 34.6 - 34.6 
Siloxanes (ppmv) 41.0 37.6 - 2.7 



 

9 
 

Parameter December 15, 
2000 

August 2, 
2005 

June 2, 
2009 

Current 
Values as of 

September 23, 
2009 

BTU (HHV for dry gas in Btu/cf) - 620 612.6 616 
SpGr (at standard conditions) - 0.91 0.9293 0.92 
Delivered Biogas Temp (F°)2 - - - 86.0 
Water (saturated at 95 F°)3 - - - 5.16% 
 
Note 1: 2009 hydrogen sulfide concentration is based on NBC field analyses from 2/29/08 

to 6/2/09   
Note 2: Current average biogas flow rate and temperature are based on measurements from 

9/23/2008 to 9/23/2009 
Note 3: Water content in biogas is based on temperature dependant vapor pressure data   
Note 4: June 2, 2009 biogas flow rate is based on meter readings from 1/1/2008 to 

9/23/2009 
 
Based on historic and recent biogas sampling and analysis data the BP WWTF biogas can 
be expected to have the characteristics in the most right-hand column of the above table.  
Based on 60% methane by volume (the value used for project evaluation) each cubic foot 
of biogas produced will have an energy content of about 600 BTUs.  Of the biogas 
constituents listed above both hydrogen sulfide and siloxanes can limit use of the biogas as 
a renewable fuel in its raw untreated state.   

3.2 Hydrogen Sulfide 
 
Hydrogen sulfide, a toxic gas, is a naturally occurring by-product of the anaerobic 
digestion process.  The levels of hydrogen sulfide present in the BP WWTF biogas ranging 
from 50 to 260 ppmv, are relatively low, but can cause problems with corrosion and air 
emissions.  For purpose of project evaluation an average biogas hydrogen sulfide 
concentration of 200 ppmv was assumed.  Based on this value hydrogen sulfide removal 
must be taken into consideration as part of the evaluating options for Biogas Treatment 
Systems (see Section 4.3 for more detail). 

3.3 Siloxanes 
 
Siloxanes are a family of chemical compounds made-up of carbon, oxygen and silicon that 
are widely used in industrial processes and a variety of commercial and personal care 
products.  Slightly water soluble, siloxane compounds from both industrial and residential 
sources will end-up in the BP WWTF wastewater influent.   
 
Siloxanes are not amenable to biological degradation thus siloxanes that reach the 
wastewater treatment facility will not decompose within the treatment process but will tend 
to either volatize within the aeration tanks or adhere to the wastewater bio-solids (sludge).  
During the anaerobic digestion process the siloxanes within the sludge will volatize at the 
elevated temperature within the digester and enter the biogas stream.  Two forms of 
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siloxane compounds have been found to be predominately present in the BP WWTF 
biogas:  
 

• Decamethylcyclopentasiloxane (D5)  
• Octamethylcyclotetrasiloxane (D4) 

 
Both of these siloxane compounds are commonly found in personal care products (e.g. 
shampoos, hand lotions, stick deodorant, suntan lotions, etc.) and as such almost all 
municipal wastewater will contain some level of these siloxane compounds from 
“residential” sources.   Siloxanes from residential sources will typically result in 
“background” siloxane levels in biogas in the range of of 2 to 5 parts per million by 
volume (ppmv).  Samples of biogas collected at the BP WWTF in December 2000 and 
August 2005 and analyzed by Rhode Island Analytical Laboratories (RIAL) and Applied 
Filter Technology (AFT) respectively showed siloxane levels between 37 and 41 ppmv: 
 

BP WWTF 
Historic Biogas Analysis 

 

 AFT  Analysis RIAL Analysis 

 08/02/2005 12/13/2000 

Compound ppmv mg/M3 ppmv mg/M3 

D4 4.9 59.5 12.0 146.2 

D5 32.7 496 29.0 441.4 

Total D4 and D5 37.6 555.5 41.0 587.61 
 
Combustion of the biogas containing the volatized siloxanes produces an abrasive 
amorphous silicon-dioxide compound that can accumulate within boilers and heat 
exchangers and cause serious damage to gas engines and catalytic exhaust gas treatment 
systems.  The excessive amount of siloxanes in the BP WWTF biogas have caused 
historically low boiler heat recovery performance and resulted in NBC abandoning a CHP 
demonstration project utilizing fuel cell technology in 2001.  The impact of siloxanes on 
the BP WWTF boilers is evidenced in the following photos: 
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The source of these elevated siloxane levels was tracked back to an industrial manufacturer 
of personal care products.  In October of 2008 this company relocated its manufacturing 
operations, for unrelated reasons, to another state and the siloxane levels in the BP WWTF 
biogas have since decreased dramatically as demonstrated in the following chart: 
 

Siloxane Levels in BP WWTF Biogas 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The NBC Feasibility Study and the SCS Project Evaluation was conducted at a time when 
the siloxane levels in the BP WWTF biogas could be expected to average 22.8 ppmv.  
While most recent analysis shows siloxane levels at about 2 to 3 ppmv the value of 22.8 
ppmv is used as a basis for the overall CHP project design and evaluation.  Use of this 

BP WWTF Boiler Containing 
Silicon Dioxide Deposits  

 

BP WWTF Boiler after Cleaning 
Silicon Dioxide Deposits 
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higher value results in higher biogas treatment costs but takes into consideration the 
potential of future commercial and/or industrial sources of siloxanes. 

4. Combined Heat and Power 
 
Combined Heat and Power (CHP) systems are capable of generating electricity and useful 
heat energy as part of a single integrated system.  Small CHP systems are typically 
designed for distributed energy use and utilize the generated electricity and heat at the 
point of generation as opposed to more conventional central power plants which generate 
electricity in a centralized location for wide distribution.  Conventional centralized power 
systems do not typically capture waste heat energy.   
 
Conventional central electricity generation is inherently inefficient converting only about a 
third of a fuel's potential energy into usable energy.  The overall efficiency of a CHP 
system in contrast is much greater approaching 70 to 80 % overall energy use.  A CHP 
system will consist of a “prime mover” that converts a fuel into electrical and useful heat 
energy, an electrical generator, and a heat exchanger system for capturing heat energy.  
Commonly utilized CHP prime movers include micro-turbines, reciprocating engines, 
Sterling engines and fuel cells.  CHP systems result in lower fuel consumption and reduced 
emissions as compared with using centralized power plants for electricity and separate on-
site generation of heat.    
 
NBC has identified and researched two CHP prime movers for application at the BP 
WWTF – microturbines and reciprocating engines.   Initial research into Sterling engines 
indicated that this technology has not yet been fully developed and tested for biogas 
applications and research into the use of fuel cells showed that the fuel cell equipment and 
biogas clean-up costs would make the project economically unachievable.  

4.1 Microturbines 
 
Microturbine power generating technology is derived 
from a combination of aircraft auxiliary power systems, 
diesel engine turbochargers, and automotive designs.  
Microturbines consist of a compressor, combustor, 
turbine, and generator. The compressor and turbine 
resemble an automotive engine turbocharger. Most 
designs use a high-speed permanent magnet generator 
producing variable voltage and variable frequency 
alternating current (AC) power. Microturbines for biogas 
application are commercially available through several 
manufacturers including but not limited to Capstone and 
Ingersoll Rand, in sizes ranging from 30 to 250 kW.  Individual microturbine units can be 
combined to achieve a desired power output. 
 

 
Microturbines 
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Strengths and Weaknesses 
 

 
 
 
 
 
 
 
 
 
 
 
 

4.2 Reciprocating Engines 

Reciprocating engines are similar in design to the 
internal combustion engine used in automobiles 
both as Otto (spark ignition) or Diesel cycle 
(compression ignition) designs.  Reciprocating 
engines can be fueled by diesel, natural gas, or 
biogas with varying levels of air emissions.  Most 
engines used for power generation are four-stroke 
operating in four cycles: intake, compression, 
combustion, and exhaust. Using natural gas or 
biogas as a fuel the process begins with the fuel 
and air being mixed, in turbocharged applications, the air is compressed before mixing 
with fuel. The fuel/air mixture is then introduced into the combustion cylinder and ignited 
with a spark. Reciprocating engines are available from several manufacturers including but 
not limited to Caterpillar and Waukesha and are available in sizes ranging from 500 kW to 
several MW. CHP configurations are designed with useful heat being recovered from the 
gaseous exhaust, engine coolant system, and crankcase.  

Reciprocating Engine 
Strengths and Weaknesses 

 
 
 
 
 
 
 
 
 

Strengths Weaknesses 

Small number of moving parts Low fuel to electricity efficiencies 

Compact size High capital cost 

Light-weight High level of gas clean-up 

Good efficiencies in cogeneration   

Low emissions   

Long maintenance intervals   

Quiet  

Modular units  

Strengths Weaknesses 

Low capital cost Atmospheric Emissions 

Good electrical efficiencies Noisy 

Quick Startup Frequent maintenance intervals 

Low level of gas clean-up  Single engine 

High Reliability   

Turndown capabilities  
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4.3 Bio-Gas Treatment Systems 
 
Both microturbines and reciprocating engines will require some level biogas treatment and 
conditioning to remove water vapor, siloxanes and hydrogen sulfide.  Typical allowable 
values are tabulated below: 
 

Biogas Fuel Specifications 
 

Prime Mover Hydrogen Sulfide Siloxanes 
Reciprocating Engine 200 – 500 ppmv 3. 3 to 1.87 ppmv 

Microturbine 25 ppmv Non-Detectable 
 
SCS Engineers Project Evaluation concluded that for a reciprocating engine hydrogen 
sulfide removal was not necessary and that for microturbine application hydrogen sulfide 
could effectively be removed through a process called “SulfaTreat®” which is simple to 
operate, economical for small biogas applications and a proven record for hydrogen sulfide 
in similar biogas applications (see Attachment 9.2 for more detail). 
   
The SCS Engineers Project Evaluation further concluded that both microturbine and 
reciprocation engine applications will require significant siloxane removal.  As part of the 
Biogas Feasibility Study the following siloxane biogas treatment options were evaluated:   
 
Media Based Siloxane Removal  
 

• Activated Carbon – Non Regenerative 
• Silica Gel - Non Regenerative 
• Alumina Media - Non Regenerative 
• Activated Carbon –Regenerative using Temperature Swing Absorption 

 
Moisture or “Chilling” Based Siloxane Removal 
 

• Standard Refrigeration to 40 °F 
• Subzero refrigeration to less than -10 °F 

 
The following table summarizes projected costs associated with each gas treatment process 
evaluated (see Attachment 9.2 for more detail): 
 
 

 
 
 
 

 
 
 

Biogas Treatment Process Summary 
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Biogas Siloxane Concentration = 22.773 ppmv
Technology - Prime Mover  Microturbine 

Economic Analysis-1
 Microturbine 
Economic Analysis - 2

 Microturbine 
Economic Analysis - 3

Technology- Siloxane Treatment Deep Chiller with 
Carbon Media Vessel

Standard Chiller with 
Carbon Media Vessel

Standard Chiller with 
Regenerative Carbon 
Media System

Net Power (kWh/year) 2,821,627 2,924,902 2,752,777
Waste Heat Supplied (Therms/year) 226,155 226,155 226,155
Capital Cost $1,757,823 $1,625,420 $1,841,250
Capital Cost per kWhr capacity ($) $3,632 $3,358 $3,804
O & M Cost Annual ($) $231,837 $259,711 $211,300

Technology - Prime Mover  RICE Economic 
Analysis - 4

 RICE Economic 
Analysis - 5

 RICE Economic 
Analysis - 6

 RICE Economic 
Analysis - 7

Technology- Siloxane Treatment Deep Chiller with 
Carbon Media Vessel

Standard Chiller with 
Carbon Media Vessel

Standard Chiller with 
Regenerative Carbon 
Media System

Standard Compressor 
& Aftercooler with 
Carbon Media Vessel

Net Power (kWh/year) 3,969,416 4,077,948 3,884,142 4,201,984
Waste Heat Supplied (Therms/year) 187,684 187,684 187,684 187,684
Capital Cost $1,940,309 $1,783,341 $2,004,053 $1,650,129
Capital Cost per kWhr capacity ($) $3,234 $2,972 $3,340 $2,750
O & M Cost Annual ($) $301,337 $333,211 $284,800 $367,542

Economic Pro Forma Summary
Technology - Prime Mover  Microturbine 

Economic Analysis - 2
 RICE Economic 
Analysis - 5

Technology- Siloxane Treatment Standard Chiller with 
Carbon Media Vessel

Standard Chiller with 
Carbon Media Vessel

Ten year Expense Total without Project ($4,699,817) ($6,131,001)
Ten year Expense Total With Project ($4,105,252) ($5,200,618)

Total Difference $ $594,565 $930,383

 
Both the NBC Study and the SCS Project Evaluation conclude that based on cost and 
contaminate removal efficiency the overall biogas treatment system should consist of a 
standard chiller followed by non-regenerative carbon based absorption. 

4.4 CHP Performance Comparison 
 
A side-by-side comparison show the two prime mover technologies investigated to be 
competitive in both price and performance.  Reciprocating engines have a distinct 
advantage with respect to electrical efficiency and power generation while microturbines 
are more beneficial with respect to air emissions and useful heat generation as summarized 
in the following table:  
 
 
 
 
 
 
 
 

Microturbine/Reciprocating Engine 
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Operating Parameter Micro-Turbine Reciprocating Engine
Electrical Efficiency 25% (HHV) 35% (HHV)
Thermal Efficiency 48% 45%
Power to Heat Ratio 0.6 0.7

Design System Efficiency 72% 79%
Nominal Output Rating 484 kW 600 kW
Net Power Output kW 434 554

Prime Mover $723,000 $893,000 
Biogas Treatment Equipment $317,000 $243,000 

Installed Cost $1,625,000 $1,783,000 
Biogas Treatment Annual Cost $80,000 $70,000 

Annual Maintenance Cost $160,000 $244,000 
Capital Cost $/kW $3,744 $3,218

Availability 85% 90%
Ave. Capacity Factor 92.6% 98.5%

kWh/year 2,924,902 4,077,948

RECS $102,372 $142,728

Average (10 year)  $/kWh $0.1026 $0.0857

Side-by-Side Comparison3 
 
 
 

 

 

 

 

 

 

 

 

 
Final selection of prime mover will eventually be made as part of the contract selection 
process (see Section 8 of this report for more detail)  

5. Interconnection and Net Metering 

5.1 Grid Interconnection 
 
In order to properly and safely operate a “distributed electrical generator, such as the 
proposed BP WWTF CHP system, it is imperative that an Interconnection Study be 
conducted.  An “interconnection” with the local utility grid will assure the safe operation 
of the CHP system in parallel with the grid and placement of any potential excess 
electricity onto the grid for distribution to other local off-site loads (see Section 4.2 - Net 
Metering).   
 
In order to assure the safe operation of a distributed generator system and the proper 
management of the redirected power it is the responsibility of the owner of the 
interconnecting generator to design, procure, install, operate, and maintain all necessary 
equipment to assure for a safe connection to the grid.  Identification of all necessary 
equipment is made through an “Interconnect Study.”  National Grid has in place an 
Interconnection Policy4 that outlines in detail the process and requirements for making an 

                                                 
3 SCS Engineers, PC Evaluation of Biogas Treatment and Cogeneration Technologies, June 10, 2008 
4 Narragansett Electric Company, Interconnection Policy – Customer Owned Generating Facilities, April 
2002 
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interconnection.  The interconnection process may include some or all of the following 
steps: 
 

1. Filing of a Notice of Intent to Interconnect by the applicant  
2. Assignment of an Account Manager by National Grid 
3. An Engineering Review conducted by National Grid 
4. An Impact Study Determination 
5. An Impact Study Cost Estimate prepared by National Grid (if required) 
6. Execution of the Impact Study Agreement 
7. An Impact Study conducted by National Grid – paid for by the applicant 
8. A Detailed Study Determination – paid for by the applicant 
9. Execution of an Interconnect Service Agreement  
10. Construction of required interconnect facilities by National Grid 

 
Interconnections can be made at the distribution, sub-transmission or transmission level 
mainly depending on the size of the generator and the capacity of the grid at the locality of 
the interconnection.  Each interconnection thus requires an individualized assessment.   

 
The first step in the assessment process is to comply with National Grid’s “Standards for 
Connecting Distributed Generation5” by submitting detailed specifications and design 
information on a chosen CHP system along with a completed Interconnect Application and 
payment fee of $2,500.  Upon selection of a final CHP design, NBC will work with a 
chosen project contractor to complete and submit an Interconnect Application package to 
National Grid.   

5.2 Net Metering 

Net Metering is a renewable energy incentive that allows electricity customers that 
generate on-site renewable power to interconnect their renewable generator (solar, wind, 
etc.) to the grid allowing for excess electricity to be placed onto the grid for use by other 
customers.  In a net metering situation the customer’s electric meter will “spin” backwards, 
banking excess electricity production for future credit with the local electricity supplier.  
Net metering rules and regulations vary greatly from state to state.  The following 
summary of net metering opportunities in the State of Rhode Island (pursuant to legislative 
changes made in July 2009 with the passage of SB 485) is referenced from the Database of 
State Incentives for Renewables and Efficiency6: 
  
Net metering is available in the State of Rhode Island to customers that generate electricity 
using solar or wind resources. The maximum individual system capacity is limited to 3.5 
megawatts (MW) for systems owned by cities, towns or the Narragansett Bay 
Commission; 2.25 MW for systems developed but not owned by cities and towns, sited on 
land owned by the city or town, and providing power solely to the city or town; and 1.65 

                                                 
5 The Narragansett Electric Company Standards for Connecting Distributed Generation – R.I.P.U.C. No. 
2007 
6 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=RI01R&re=1&ee=1 
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MW for other customers. The aggregate limit on net metering is 2% of peak load, provided 
that at least 1 MW is reserved for projects less than 25 kW.   
  
If a net-metered customer generates excess electricity during a billing period, the customer 
has an option to: 

1) Have the net excess generation (NEG) credited to the customer’s next billing period at a 
rate that is slightly less than the utility’s retail rate; or  
 
2) Receive compensation in the form of a monthly check for NEG. If the customer chooses 
to roll-over NEG to his/her next billing period, he/she must inform the electric utility of 
that choice.  
 
Cities, towns, schools, farms, non-profit affordable housing agencies, state agencies, and 
the Narragansett Bay Commission may either receive:  
 
1) Compensation in the form of a monthly check for NEG or  
 
2) They may apply NEG to another account owned by that entity (up to ten accounts). If 
the non-profit affordable housing agency chooses compensation, they are obligated to use 
the money to benefit the residents. If NEG is rolled-over, at the end of a 12-month period, 
any remaining NEG shall be used to offset recoverable utility costs.   
  
The Public Utilities Commission (PUC) has approved an interconnection tariff for 
National Grid customers that generate electricity using net-metered systems and certain 
other forms of distributed generation (DG). 
 
As noted above, bio-gas is not listed as a renewable energy source under current Rhode 
Island Net-Metering legislation.   As part of this project NBC does not anticipate 
generating power in excess of the BP WWTF demand.  

6. Environmental Impacts 

6.1 Noise 
 
Reciprocating engines and microturbines will generate some level of noise while operating 
thus locating the equipment either in or near a residential neighborhood will require noise 
control considerations.  Microturbines require a high volume of combustion air resulting in 
high inlet air velocities with an associated high pitch “whining” noise.  Inlet air filter are 
often fitted with silencers7 to help reduce this source of noise.  Reciprocating engine noise 
can be controlled with exhaust mufflers.   As the BP Biogas Renewable Energy Project 
moves to the design phase NBC will work with the selected project contractor to address 
noise concerns. 

                                                 
7 USDOE, “Review of Combined Heat and Power Technologies”, Office of Industrial Technologies, October 
1999 
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6.2 Air Emissions 
 
The RIDEM’s Office of Air Resources (OAR) is responsible for the “preservation, 
protection and improvement” of air quality in Rhode Island and as such oversees a variety 
of both state and federally mandated air pollution control programs including, but not 
limited to the issuing of Operating Permits. The RIDEM’s OAR has in place two sets of 
regulations that can impact the operation of a Distributed Generation (DG) system such as 
a micro-turbine or reciprocating engine: 
 

• Regulation No. 43, General Permits for Smaller-Scale Electric Generation Facilities  
• Regulation No. 9, Air Pollution Control Permits (amended)  

 
Both sets of regulations became effective, in their present form on May 15, 2007.  
 
OAR Regulation 9 requires a “Minor Source” permit for the operation of any distributed 
generator with a heat input capacity of 350,000 BTUs or more per hour (9.3.1(b)). 
Obtaining a Minor Source permit is a fairly arduous process, however, a recent 
modification to ORA Regulation 9 (9.3.5) now allows for the issuance of a “General 
Permit” under the newly implemented OAR Regulation 43. A “General Permit” as defined 
within OAR Regulation 9 is a “pre-approved” Minor Source Permit. In summary in order 
to be subject to the General Permit requirements the owner operator of a DG system must 
meet the following conditions: 
 

1. An application must be filed with RIDEM OAR that includes the following 
information: 

a. Technology type (micro-turbine, reciprocating engine, etc.) 
b. Manufacturer 
c. Equipment model number and serial number 
d. Type of fuel 
e. Sulfur content of fuel 
f. Maximum design firing rate (ft3/hr) 
g. Maximum heat input (MMBTU/hr) 
h. Maximum generator output (kW) 
i. Date to be installed 
j. Calculations of the “Potential-to-Emit” sufficient to demonstrate that the 

equipment is not a “Major Source” 
k. Emission credit information/calculations 
l. Certification with respect to item 4 of this memo 
m. “Not-to-Exceed” emissions information (lbs/Hr) from equipment supplier 

with respect to NOx, CO, CO2, Particulate Matter and VOCs 
n. For CHP systems information (schematic) on design thermal output and 

design electrical output  
 

2. The DG Equipment must comply with the following emission standards: 
 

Constituent Unit Installed on or after: 
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  05/15/07 01/01/09 01/01/12 
NOx lbs/MWh 0.6 0.3 0.15 
CO lbs/MWh 10 2 1 
CO2 lbs/MWh 1,900 1,900 1,650 
Particulate Matter lbs/MWh 0.7 0.07 0.03 

 
3. The sulfur content of gaseous fuels must not exceed 10grains/100DSCF (229 

mg/M3) (164,270 ppbv) - RIDEM OAR Regulation 43 allows for the use of 
renewable fuels such as anaerobic digester bio-gas (43.1.12).  

 
4. The DG system must demonstrate compliance with emission standards through: 

 
• Certification by the California Air Resources Board pursuant to Title 17, 

sections 94200 through 94214 of the California Code of Regulations 
(43.5.1(a)(1)) along with calculations demonstrating compliance with CO2 
standards, 

• Certification by the generator supplier accompanied by emission test results 
obtained using ISO standards (43.5.1(a)(2)) along with calculations 
demonstrating compliance with CO2 standards, or 

• On-site emission testing if appropriate certification cannot be obtained (43.5.2). 
 

5. Any DG system with total capacity above 200 kW must be equipped with a non-re-
settable fuel metering device.  

 
6. Fuel logs must be maintained in accordance with 43.8.2 

 
Note - the regulations state that for liquid fuels the owner operator must maintain 
certification from the supplier on the sulfur content of the fuel. While the 
regulations have standards for the sulfur content of gaseous fuels (43.4.2) this 
section of the regulations makes no stipulation with respect to testing or 
maintaining records on the sulfur content of gaseous fuels. Clarification from 
RIDEM on bio-gas fuel testing requirements will be needed. 

 
RIDEM OAR 43.61 - Emission Credits - Section 43.61 of OAR Regulation 43 allows for 
Credit for concurrent emissions reductions for: 
 

• Avoided flaring of waste gases 
• Combined Heat and Power Systems, and 
• End-use efficiency and non-emitting sources 

 
RIDEM OAR 43.6.1 - Flared Fuels - For fuels that would otherwise be flared the 
emissions that “were or would have been” produced through faring can be deducted from 
the actual emission of the DG. The regulation states that if actual emissions from flaring 
have not been documented than the following default values are to be used: 
 

Emissions Waste, Landfill, 
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Digester Gas 
NOx 0.1 lbs/MMBtu 
CO 0.7 lbs/MMBtu 
CO2 117 lb/MMBtu 

 
RIDEM OAR 43.6.2 Combined Heat and Power - CHP systems that meet the following 
requirements are eligible for emissions credits related to thermal output: 
 

• Have a power-to-heat ratio of between 4.0 and 0.15, and  
• Have a design efficiency of at least 55% 

 
A CHP that meets these requirements can receive a compliance credit against its actual 
emissions based on the emissions that would have been created by a conventional separate 
system used to generate the same thermal output. The calculated credit is subtracted from 
the actual generator emissions. For a CHP system that replaces an existing thermal system 
for which historic emission rates can be documented the historic emission rates cannot be 
more than: 
 

Emissions 
Maximum Rate 
(lbs/MMBtu) 

NOx 0.3 
CO 0.08 
CO2 117 

 
The credit for CHP systems that meet the above criteria will be calculated using the 
following equation: 

 
Credit (lbs/MWh) emissions = [(boiler limit (lbs/MMBtu))/(boiler efficiency)] x 
[3.412/(power to heat ratio)] 
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DG Equipment Emission Rates and Efficiencies8 
 

Parameter Micro-Turbine 9 Reciprocating 
Engine10 

RIDEM  
Standard11 

Units 

NOx 0.53 5.5 0.3 lbs/MWh 
CO 0.72 5.5 2.0 lbs/MWh 
CO2 1,529 1,250 1,900  lbs/MWh 

Particulate Matter Not Available Not Available 0.7  lbs/MWh 
Electrical Efficiency 29.0% (HHV) 31.1% (HHV)   
Thermal Efficiency 48 % 45.9%    
Power to Heat Ratio 0.60 0.68   

Design System Efficiency 77% 77% 55%  
Design System Efficiency:  (Qout + Pout)/Qin         Power to Heat Ratio: Pout/(Qout – Qwaste)  

 
Air Emissions Comparison12 

 
Parameter Micro-Turbine Reciprocating 

Engine 
RIDEM  

Standard 
Units 

NOx 0.22 - 0.54 2.0 - 5.0 0.3 lbs/MWh 
CO 0.72 8.0 2.0 lbs/MWh 
CO2 1,529 1,250 1,900  lbs/MWh 

Particulate Matter Not Available Not Available 0.7  lbs/MWh 
 
Based upon a review of the RIDEM regulations use of both a reciprocating engine and a 
microturbine, operating on bio-gas at the BP WWTF, will require some form of emission 
controls for NOx in order to be eligible for RIDEM’s recently created “stream-lined” 
permitting process. Both systems will operate within allowable RIDEM limits for CO2 
(taking into consideration allowable CO2 credits) and CO.  Information on expected 
particulate matter emissions is not readily available for either of these DG systems, but do 
to the gaseous nature of the fuel particulate matter should not be an issue.  Taking into 
account allowable emission credits the following level of NOx reduction will be needed in 
order to meet the current RIDEM emission standard: 

                                                 
8 Micro-turbine and reciprocating engine data operated on natural gas from: Technology Characterization: 
Reciprocating Engines, EPA Climate Protection Department, Washington DC, February 2002  
9 350 kW turbine – estimate emission figures 
10 Untreated engine exhaust - 15% O2 from a 300 kW engine 
11 Installed on or after 01/01/02009 – IDEM APC Regulation No. 43 
12 RIDEM APC Regulation No. 43, General Permits for Smaller-Scale Electric Generation Facilities 
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NOx Emission Credits 

 

DG  
Technology 

Expected 
Untreated 

NOx 
Emissions 
(lbs/MWh) 

Flared Fuel  
NOx Credit13 
(lbs/MWh) 

CHP NOx 
Credit14 

(lbs/MWh) 

Final 
Regulated 

NOx 
Emissions 
(lbs/MWh) 

Required 
Reduction  

Reciprocating 
Engine 

5.5 0.39 1.88 3.23 90.7% 

Micro-
Turbine 

0.53 0.39 2.13 N/A N/A 

 

7. Financial Considerations 

7.1 Project Cost Comparison 
 
The following is a Simple Payback Analysis for the Bucklin Point Biogas Combined Heat 
and Power (CHP) Project.  Project costs are based on information supplied by SCS 
Engineers, PC for both a Reciprocating Engine and a Microturbine using a gas treatment 
processes consisting of a standard chiller, coal based activated carbon system for siloxane 
removal, and a Sulfa Treat® system (Micro-turbine) for hydrogen sulfide removal.  As 
noted below these cost analyses do not take into account savings associated with reduced 
potential reductions in natural gas purchases (see attachment 9.3 for more information on 
these potential cost savings): 
 
 

Reciprocating Engine 
 

Capital Costs 
Annual 

Operating 
Costs 

Annual 
Savings/ 
Income1 

Engine  $1,484,910  

Standard Chiller  $275,000  

Pretreatment - Carbon System $23,432  

Engine - Maintenance Contract2 $102,200  

Engine - Reserve for 5 year Engine Rebuild3  $100,000  

Standard Chiller (includes 5 year overhaul) $44,080  

Pretreatment - Carbon Media4  $68,412  

NBC Labor5 $18,519  

Other Costs (Insurance, Administrative) $20,000  

                                                 
13 Based on an average monthly flare rate of 1.9 MMBTU/hour 
14 Based on an average monthly boiler feed rate of 4.9 MMBTU/hour 
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Reciprocating Engine 
 

Capital Costs 
Annual 

Operating 
Costs 

Annual 
Savings/ 
Income1 

Electricity Value (@ $.108/kWh) $440,3166  

Renewable Energy Credits (@ $32/ MWH)7 $130,464  

$1,783,342  $353,211  $570,780  

Simple Payback Period 8.20 Years 

Simple Payback Period with a $500,000 Grant  5.90 Years 
 
 

Micro-Turbine 
 

Capital Costs 
Annual 

Operating 
Costs 

Annual 
Savings/ 
Income8 

Micro-turbine  $1,308,084  

Standard Chiller  $250,000  

Pretreatment - Carbon System $27,337  

Pretreatment – Hydrogen Sulfide $40,000 

Micro-turbine - Maintenance Contract $78,000  

Micro-turbine - Reserve for 5 year Engine Rebuild9  $40,000  

Standard Chiller (includes 5 year overhaul) $44,080  

Pretreatment - Carbon Media  $68,412  

Hydrogen Sulfide Media Replacement $10,500 

NBC Labor10  $18,719  

Other Costs (Insurance, Administrative) $20,000  

Electricity Value (@ $.108/kWh) $297,32411  

Renewable Energy Credits (@ $32/ MWH) $87,776  

$1,625,421  $279,711  $385,100  

Simple Payback Period 15.4 Years 

Simple Payback Period with a $500,000 Grant  10.7 Years 
 
Financial Analysis Notes 
 
1  Project savings associated with reduced natural gas use is not included in this 

analysis – SCS estimates approximately $54,000/year in reduced natural gas 
purchases as compared to historical operating conditions - these saving may be less 
due more efficient boiler operations resulting from reduced siloxane levels 

2  The engine maintenance contract estimate of $102,000/year – includes 
consumables (oil, spark plugs, filters etc.) and bi-weekly site visits 

3  SCS anticipates an engine rebuild every 5 years  – research indicates that a properly 
maintained reciprocating engine can have an extended operating life of over 20 years – this 
analysis sets aside $100,000 annually to cover engine rebuild costs  
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4  Gas treatment operating costs based on an approximately 22.8 ppm siloxane 
concentration – these costs will be reduced due to the current lower (< 3 ppm) 
siloxane levels found in the bio-gas 

5  On-site NBC staff daily walkthrough and inspection of equipment 
6  4,077,000 kWh/year @ $0.108 demand takes into account Chiller demand of 46 kW 
7  This value may be conservative – while REC values should be expected to fluctuate the 

Town of Portsmouth is receiving more that $40/MWH in REC values for their wind 
generated energy – this would equate to more than $163,000 in annual REC values for this 
project 

8  Project savings associated with reduced natural gas use is not included in this 
analysis – SCS estimates approximately $92,000/year in reduced natural gas 
purchases as compared to historical operating conditions - these saving may be less 
due more efficient boiler operations resulting from reduced siloxane levels 

9  SCS anticipates a micro-turbine rebuild every 5 years – this analysis sets aside $40,000 
annually to cover engine rebuild costs  

10  On-site NBC staff daily walkthrough and inspection of equipment 
11 2,924,902  kWh/year @ $0.108 demand takes into account Chiller demand of 50 kW 

7.2 Project Funding Opportunities 
 
The NBC has investigated several funding opportunities applicable to this project 
including Clean Renewable Energy Bonds (CREBS), U.S. Department of Economic 
Development (US DED) grant funds, State of Rhode Island Renewable Energy Funds as 
administered by the Rhode Island Economic Development Corporation (RIEDC), and 
Federal American Recovery and Reinvestment Act (ARRA) funds. 
 
Clean Renewable Energy Bonds ($1.2 M)     
 
The National Energy Policy Act of 2005 made provisions for the issuance of “Clean 
Renewable Energy Bonds” (CREBs) making available low to no interest loans for the 
funding of renewable energy projects. Through this process the bond “Issuer” issues the 
CREBs and sells them to Bondholders. Because this is a tax credit bond the Issuer makes 
no interest payments to the Bondholders - rather the federal government provides a tax 
credit to the Bondholder in lieu of interest payments from the Issuer. The Treasury 
Department sets the rate of the credit on a daily basis and when the Bondholder purchases 
the CREB the rate is locked in for the term of the bond – at current established rates the 
maximum term of a CREB will be between 11 and 15 years. The Issuer is required to make 
equal interest free payments at the end of each year for the life of the CREB. 
 
The CREB Program identifies Qualified Issuers as: 
 

• Clean Renewable Energy Bond Lenders  
• Cooperative Electric Companies, or  
• Governmental Bodies (defined as any State, territory, possession of the U.S., the 

District of Columbia, Indian tribal government and any political subdivision 
thereof)  
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The CREB Program identifies Qualified Borrowers as: 
 

• Mutual Cooperative Electric Companies, or  
• Governmental Bodies (as defined above)  

 
The NBC has received approval to issue up to $1.2 M in CREBS to help fund the BP 
WWTF Biogas Energy Project.  In accordance with IRS requirements current approved 
CREBS must be issued by December 31st, 2009. 
 
Rhode Island Renewable Energy Fund ($750,000) 
 
The Rhode Island Economic Development Corporation (RIEDC) manages a financial 
assistance program for renewable energy projects that "directly benefit the state of Rhode 
Island." The financial incentives available through this program include grants, recoverable 
grants and loans funded by the Rhode Island Renewable Energy Fund (RIREF) through a 
$0.3 mills per kilowatt-hour charge imposed upon all customers of the electrical 
distribution companies serving the State of Rhode Island. 
 
 The program areas include: 
  

• Non-profit Affordable Housing Investment Program for non-profit affordable 
housing developers and agencies: $100,000 per award per year (total of $200,000 
funding available). Applications due by March 31 and September 30.   

• Municipal Renewable Energy Investment Program for municipalities: $500,000 per 
award per year (up to $1 million in funding available for all projects). Applications 
due by March 31 and September 30.   

• Pre-development Consultant and Technical Feasibility Program for business, 
commercial, not-for-profit, municipal and institutional projects: no project cap or 
limit, but funding limited to no more than $200,000 per year. Applications due by 
March 31 and September 30.  

• Renewable Energy Development Program for business, commercial, not-for-profit 
and institutional projects: project cap of $750,000 per award year (funding is the 
remaining balance of the RIREF). Applications accepted on a rolling-basis.  

 
Renewable energy projects eligible for funding  from the RIREF include facilities in the 
New England Power Pool control area that generate electricity using solar, wind, wave, 
tidal, ocean-thermal, geothermal, hydro or sustainably-managed biomass resources. Solar-
thermal systems (including solar space-heating systems) are eligible if installed on low-
income housing projects certified by the Rhode Island Housing and Mortgage Finance 
Corporation.   
  
The RIEDC has created specific criteria for evaluation that include the project's technical 
feasibility, financial viability, anticipated amount of renewable energy to be produced, 
estimated cost per kilowatt-hour of energy to be produced, project management 
capabilities, and time to market. There are additional criteria for each type of application 
(business, nonprofit affordable housing, municipal or technical and feasibility study). In 
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general, applicants must explain how the project will help promote the expansion and 
sound development of renewable energy in the state.  Through conversations with the 
RIEDC staff administering the RIREF NBC has been informed that the BP WWTF 
Renewable Biogas Energy Project may be eligible for potential funding up to $750,000 
through the Renewable Energy Development Program.  Because the RIREF application 
requires background information on the CHP equipment and the contractor installing the 
CHP equipment NBC will need to go through the contractor selection process before filing 
a formal application. 
 
Funding Opportunities Summary: 
 
Clean Renewable Energy Bonds:    $1.2 M 
Rhode Island Economic Development Corporation:  $750,000 

8. Conclusions and Next Steps 

8.1 Feasibility Study Conclusions 
 
NBC’s BP WWTF Biogas Energy Feasibility Study has concluded that use of either micro-
turbines or reciprocating engines as part of an overall CHP system to produce electricity 
and useful heat from a renewable biogas fuel for use on-site at the at the BP WWTF is both 
technically and economically achievable.   
 
Based on biogas production at the BP WWTF between February 2005 and January 2006 a 
CHP system utilizing either a microturbine or a reciprocating engine will be capable of 
supply as much 35% as of the BP WWTF’s average electric power demand and 80% to 
90% of the anaerobic digester heat demand.  Financially, taking into the account the retail 
value of the power and heat energy produced, and utilizing the sale of Renewable Energy 
Credits the project should result in an estimated Internal Rate of Return (IRR) of 10.89% 
for a reciprocating engine and 12.24% for a microturbine. Overall payback periods for the 
project are estimated to range from 10 to 11 years (see Attachment 9.3 for more detail).  
 
Taking advantage of potentially available grant funds the project can improve both the IRR 
and payback period for both applications. 

8.2 Project Implementation and Next Steps 
 
NBC will be issuing a Request for Qualifications and Proposals (RFQ/P) for the design of 
the Biogas CHP and Biogas Clean-Up system in January 2010.  Upon completion of the 
design phase an RFQ/P will be issued to identify and select a firm/contractor to install the 
final CHP and Biogas Clean-Up system. As part of the RFQ/P process NBC takes into 
consideration both the qualifications of a firm/contractor such as previous experience, 
expertise, and financial capabilities as well as the overall proposed project cost estimates 
when selecting a firm/contractor to perform the selected project tasks and activities.  The 
following time-table and time-line demonstrates the activities/tasks that will be performed 
and the target completion dates: 
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Project Tasks and Target Dates 
 

Task Target 
Start Date 

Target 
Completion Date 

Issue CHP RFQ/P and Select Respondent 1/1/2010 6/15/2010 
Initiate Interconnect Study 1/1/2010 6/15/2010 
Initiate Air Permit Applications 2/1/2010 6/15/2010 
Present Project Selection to NBC Board 2/15/2010 4/15/2010 
Develop Engineering Plans 5/1/2010 10/15/2010 
Issue CHP RFQ/P and Select Respondent 10/15/2010 12/15/2010 
Present Project Selection to NBC Board 12/15/2010 2/15/2011 
Equipment Installation Preparation  2/15/2011 6/15/2011 
Install Required Electrical Infrastructure 2/15/2011 6/15/2011 
Install Biogas Treatment System for Siloxane - 14 weeks (AFT) 2/15/2011 6/15/2011 
Install Biogas Treatment System for H2S - 10 Weeks (AFT) 2/15/2011 6/15/2011 
Order Engine/Micro-Turbine - 9 Months (B&C) 2/15/2011 6/15/2011 

 
Biogas Energy Project Time-Line 

 
Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11 Mar-11 Apr-11 May-11 Jun-11 Jul-11 Aug-11 Sep-11

    

Interconnect Study

150 days

$2,500 - $ 3,750

Permits

6 Months

Develop Engineering Plans,

and Specifications

3-6 months

Installation Preparation

Install Required Electrical Infrastructure

Biogas Treatment System for Siloxane - 14 weeks (AFT)

Biogas Treatment System for H2S - 10 Weeks (AFT)

Engines - 6 Months 

Estimate start-Up Date:  September 2011

6 months

Issue Project  

Design RFPQ 

4 weeks for 

response

3 Weeks for review

7 Weeks

Go to NBC Board

Finalize and Sign Project 

Contract

8 weeks

Combined Heat and Power Project 

Time & Cost Estimates

Total Project Cost: $1,800,000

Send Project  

Installtion  RFPQ 

out to bid

4 weeks for 

response

3 Weeks for review

7 Weeks

Go to NBC Board

Finalize and Sign Project 

Contract

8 weeks
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9. Attachments 

9.1 Project Expenses 

9.2 Evaluation of Biogas Treatment and Cogeneration Technologies  

9.3 Project Financial Analysis 

9.4 Biogas Mass Balance Spreadsheet 
 
 
 
 
 
 


