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EXECUTIVE SUMMARY 
 
Weston & Sampson, on behalf of the City of Fitchburg, has completed this Feasibility Study, 
which examines the technical and economic aspects of developing anaerobic digestion project 
in the City of Fitchburg, MA. Based on the results of this study, we find that construction and 
operation of an AD facility at the existing Fitchburg West Plant site to be technically and 
economically feasible under a range of variable conditions. The economic feasibility was 
positive under a public ownership model which considered benefits (revenue) under current 
existing market estimates of disposal fees for likely organic feedstocks; a 25% decrease in 
disposal fees for likely available feedstocks, and; a scenarios which considered both a 25% 
decrease in disposal fees for likely available feedstocks and the risk the project is not eligible for 
net metering. The net present value of the scenarios evaluated ranged from $500,000 to 
$15.8M, with net cash flows of $22M to $58M. A summary of the economic models include:  
  

Summary of Economic Model Results 

Description Scenario 1 Scenario 2 Scenario 3 

Preliminary Project Cost  $23,700,000  $23,700,000  $23,700,000  

Simple Payback, years 5.9 7.2 9.7 

Internal Rate of Return1 15.2% 11.7% 7.3% 

Net Present Value $15,800,000  $8,700,000  $500,000  

20-Year Net Cash Flow $52,100,000  $38,100,000  $22,000,000  

Benefit Cost Ratio 1.50 1.27 1.02 

Scenario 1 - Equity, City-Owned, Designed and operated at current market rates 
Scenario 2 - Equity, City-Owned, -25% decreases in disposal fees 
Scenario 3 - Equity, City-Owned, -25% decreases in disposal, no net metering 
1 - Unlevered rate of return, assumes no debt 

 
We find it is technically feasible to repurpose the Fitchburg West Plant into a useful facility that 
would reduce the City’s own residuals management and operational costs (which currently costs 
the City ~$100,000 per year); provide a cost-effective alternative for other municipalities and 
industry to dispose of their wastewater residuals and organic materials, and; generate clean 
renewable energy that would produce revenue for the City. In general, a public ownership model 
cannot avail itself to tax incentives available to a privately-owned project. While there is also 
less financial risk to the City for a privately-owned project, there is also less reward. Based on 
the above, further project development appears warranted.  
 
Recommended next steps include: developing a conceptual basis of design; conducting traffic, 
acoustical and odor control studies; conducting additional public outreach and involvement in 
project development; electrical interconnection design, and preliminary planning and permitting. 
Some of these steps, such as acoustical and odor control studies, could be completed as part of 
development of the project design. We also recommend the City of Fitchburg consider private 
ownership models, as a means to reduce risk and public cost. If private ownership is desired 
then it should issue a request for qualifications to solicit interest from prospective renewable 
energy project developers under Massachusetts General Law Chapter 25A, §11C. Private 
developers determined to be the best qualified could be asked to submit proposals to the City to 
design, construct and operate the facility for land lease, discounted disposal, power purchase or 
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net metering credit agreements or other forms of compensation which are in the best interest of 
the City as host of the project.  
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fixed railroad bridge. This study could include seeking a definitive response from the owner of 
the railroad regarding what options and costs would be associated with improvements to the 
bridge; and approval of any proposed changes by the regional planning authority(20).  
 
The DEP ban prohibiting the disposal of organic waste is a driving regulatory force behind the 
development of anaerobic digesters in Massachusetts. The Massachusetts DEP has set a goal 
of diverting an estimated 350,000 tons of organic material from disposal by the year 2020 by 
placing a ban on the disposal organics from large sources such as food processing plants and 
universities. The MassDEP ban on disposal of commercial organic wastes by businesses and 
institutions that dispose of one ton or more of these materials took effect on October 1, 2014. 
Organic diversion from landfills is expected to provide opportunities for anaerobic digestion, 
composting, and recycling facilities. In addition, proposed regulatory changes by MassDEP is 
expected to help overcome barriers to the siting and development of additional anaerobic 
digestion, composting and recycling facilities in Massachusetts.  
 
Two primary feedstocks are anticipated for this Site; source separated organics and WWTF 
biosolids. These are discussed in greater detail in Section 4 of this report.  

1.4.2 Regulatory and Zoning Requirements 

 
The Site is owned by the City and zoned for Industrial Use. The Site is located adjacent to a mill 
conversion overlay district and former paper mill and nearby retail business district of the City. 
Based on our review of the local zoning by-laws, a Site Plan Review will be required. Below is a 
summary of permits based on our preliminary review of State and Local permitting 
requirements: 
 

• Massachusetts Department of Environmental Protection (MassDEP) – A site assignment 
through the solid waste regulations (310 CMR 16.000) is likely not required. The 
digesters will have to be permitted as a change in operation of the WWTF pursuant to 
314 CMR 12.00. 

• Massachusetts Environmental Policy Act (MEPA) – The proposed project likely does not 
trigger any MEPA thresholds.  

• Local Zoning – Industrial; Site Plan Review by the Planning Board per Section 181.9411 
for modifications from existing use.  

• Conservation Commission – The anticipated improvements are expected to be located 
within the bounds of the existing West Plant; therefore, will require minimal Conservation 
Commission review.  

• Local Building – Building, Electric and other trades, as applicable. 
 

1.4.3 Site Electricity Use and Site Utilities 

 
The West Plant obtains both gas and electrical service from Unitil (Account 30000217-
30000208). Current electricity demand at the site is on the order of 127 kW  (November 2012) 
and the annual electricity usage at the West Plant is 554,000 kWh, based on the last 2011-2012 
billing data, where the average cost of all the distribution-related charges was approximately 
$0.092 kWh. Electricity was supplied by a third party at a rate of $0.0792 per kWh through May 
2014. The total budgeted cost for electrical service at the facility is approximately $110,000 per 
year (as of 2011).  



Organics-to-Energy Feasibility Study Report 
City of Fitchburg, MA February 2016 
 

 
 
www.westonandsampson.com  

1-5 

 
The gas usage at the facility was 29,500 therms over a 12 months period from 2011-2012. The 
cost of gas varies based on market conditions, seasonal adjustments (from $0.4943 per Therm 
in summer months to $0.8835 per Therm in winter months) and total budgeted cost for gas is on 
the order of $50,000 per year, primarily for heating during winter months. The total budgeted 
cost for both gas and electric service at the facility is, therefore, on the order of $160,000 per 
year, where the actual use of gas is directly dependent upon the number of heating degree days 
(as of 2011). It is anticipated that a properly sized anaerobic digester and combined heat & 
power (CHP) generator could offset the majority of the electric and gas usage and cost at the 
site. Appendix B contains copies of recent gas and electric utility bills for the West Plant. 
 
The site is currently served by the Fitchburg city water system for domestic, process water and 
fire protection. Service capacity should be evaluated during the design phase of the final project. 
There is an existing (albeit antiquated) 500 kW diesel-fired backup generator on site with a 
1,000-gallon underground storage tank. The generator was originally sized to handle electric 
loads in case of power outage and replacement should be considered based on updated design 
loads. 

1.4.4 Potential Expansion Capabilities 

 
The organic waste market is an immature and evolving market, sparked by the DEP and its 
regulatory changes as noted above.  In this type of market, a number of uncertainties exist and 
we would suggest that the City approach the project in a phased approach, adding equipment 
and processing capacity as the feedstock supply increases. The Site is located on 
approximately 16.5 acres of land; approximately 60% of which is developed as buildings, paved 
roadways, and supporting WWTF infrastructure. A majority of the existing infrastructure is not 
being used at this time as flows to the West Plant have diminished and all flows are now 
pumped off-site for treatment at the East Plant. Where treatment equipment is no longer in use, 
there is room for expansion at the facility to accommodate the equipment needed for anaerobic 
digestion. In addition, the site is located adjacent to a rail line which could be used in the future 
to transport feedstock to the site, and compost from the site, as demands dictate, as there is 
little room on site for storage of any large volume of digestion products.  
 

1.4.5 Public Participation and Community Compatibility 

 
As part of this feasibility study, Weston & Sampson helped develop a community outreach plan, 
organized and hosted a series of public meetings and community outreach seminars designed 
to inform and educate the community of the project concept, discuss pros and cons and elicit 
compatibility concerns from the local community regarding the proposed development. 
Advanced advertising or posting (as required under public open meeting laws) were observed. 
The first meetings were intended to be informative in nature, where information about the 
process and proposed project was presented. Direct abutters and property owners within 1,000 
feet of the Site were notified about the project concept in writing and invited to attend the first 
Community Forum meeting, which was also publicized in the local newspaper. A follow-up 
Community Forum was held prior to the release of the draft feasibility report, to update the 
public on the change of scope and to solicit community feedback and reactions about the 
project.  
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A Community Workshop was subsequently held in August 2015 to present an overview of 
project concepts, to allow for question and answers on the DRAFT feasibility study and formally 
close public comment period on the study phase. In summary, the community outreach program 
included: 
 

Public Meeting Venue Date 

City Planning Board Meeting 
Fitchburg Municipal Offices 
Putnam Place 
166 Boulder Drive  

August 20, 2012 

City Council Meeting 
Memorial Middle School Library, 
615 Rollstone Street 

September 3, 2013 

City Energy Commission Meeting 
Fitchburg Municipal Offices 
Putnam Place, 166 Boulder 
Drive 

September 12, 2013 

Organics to Energy  
Community Forum No. 1 

Memorial Middle School Library, 
615 Rollstone Street 

March 5, 2014 

Organics to Energy  
Community Forum No. 2 

Fitchburg State University 
Kent Recital Hall 
Conlon Fine Arts Building 

March 31, 2015 

Organic to Energy 
Community Workshop 

Great Wolf Lodge 
150 Great Wolf Drive 

August 19, 2015 

 
Public comments received during this forum were summarized in a Memorandum from the City 
of Fitchburg Department of Public Works, dated April 2, 2015. A copy of this Memorandum and 
Minutes from the Community Workshop, which provide written answers to project-related 
questions, are included in Appendix G, Public Participation Summary(25, 26). 
 
Based on input from the public, and from an understanding of the potential areas of concern for 
public compatibility, the feasibility study included preliminary review of potential nuisance 
conditions, such as odor and noise associated with operation of a source separated organic 
handling facility. The fact that the West Plant has been in operation as a WWTF since 1975 
should minimize potential concerns, as the nature of the operation does not represent a drastic 
change from the past use, only a change in processes conducted at the site. Impacts due to 
odors and noise can be minimized if the facility is properly designed and operated. Increased 
vehicular traffic stood out as the strongest source of public concern, given the potential to 
exacerbate an existing intersection challenge.  
 
It is recommended that additional traffic, acoustic, and odor control studies, be performed, as 
part of the next steps, or during development of the project design, and to develop a clear plan 
for public engagement to inform the local residents about the project and address public 
concerns. Community compatibility is discussed in greater detail in Section 9 of this report. 
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1.4.6 Financial Risk 

 
The continued federal and state level support and incentives for renewable energy projects are 
important, particularly if a private developer is sought under a third-party facility ownership 
model and design-build-operate contract structure, which would seek to leverage tax incentives 
that a public entity cannot monetize. The size of the project and the value of excess heat and 
electrical energy under thermal alternative energy credit and net electrical metering credit 
agreements will also impact the financial performance of the proposed project.  
 
An anaerobic digestion project will generate Massachusetts Class I renewable energy 
certificates (REC) for every MWh of electricity produced from the biogas. These certificates can 
be sold or traded in the New England Power Pool to meet Renewable Portfolio Standards. REC 
values are subject to a variety of market forces and can increase and decrease in value over 
time. The continued availability of grant funding; cost of organic disposal; and the quality of and 
markets for the digestate product are all significant factors that will impact the economic viability 
of the project.  
 
Energy values should also be considered a risk factor, as volatile energy prices introduce 
uncertainty in the value of avoided energy costs or net metering credit rates. If the facility will 
generate more electricity than needed to satisfy onsite loads, then the continued availability of 
net metering under Unitil’s caps could be important (see Section 7.3 for more information on net 
metering).  
 

1.4.7 Preliminary Study Summary and Conclusions 

 
Based on the preliminary feasibility study, the West Plant appears to be a suitable location for a 
small-scaled source separated organic handling and anaerobic digestion facility. The site may 
also suitable for future expansion capabilities should adequate sources and the market 
conditions dictate. The site has the potential to utilize the rail line to import organics from the 
market. Additional studies are recommended to: 
 

• Examine the feasibility of using the existing infrastructure to reduce capital costs;  
• Review of organic waste streams to model and develop energy production estimates; 
• Conduct market survey of applicable commodity pricing, including preliminary material 

handling and transportation cost data;  
• Conduct additional traffic, acoustic, and odor control studies 
• Identify potential SSO and obtain preliminary commitments from nearby sources; and 
• Develop basis of design concept for the project. 

 
Discussions of some of the above items are addressed in later sections of this report. 
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Table 2-1 
City of Fitchburg West Plant 

Existing Treatment System Components 
Component Description 
Wastewater Clarifiers These are cylindrical concrete tank structures with conical 

bottom which are 130 feet in diameter and 17.5 feet deep. 
They have one-foot thick reinforced concrete walls with a 
variety of influent and effluent piping. 

Flocculation Basin and Rapid Mix 
Tanks 

Square concrete structure located between large 
wastewater clarifiers and backwash lagoons in central 
area of plant. 

Backwash Lagoons The two backwash lagoons are cylindrical concrete tank 
structures with conical bottom which are 65-feet in 
diameter and 12 feet deep. The volume of each backwash 
lagoon is approximately 39,819 cubic feet or 297,850 
gallons. They have one foot thick reinforced concrete walls 
with 16-inch ductile iron influent and effluent piping. 

Filter Building and Filter Gallery Steel-framed three-story parallelogram building which 
houses the carbon filter gallery, carbon regeneration 
furnace, belt filter presses and office areas. The building 
was constructed around the 14 primary carbon filter 
vessels, which were fabricated on site before the building 
was erected around them. 

Yard Piping Variety of underground ductile iron pipe sizes (generally 
ranging from 4” to 24” in diameter) connecting major 
equipment from municipal influent structure, to clarifies, to 
flocculation basins, to backwash lagoons, post aeration 
basin and sludge lagoons.  

Post Aeration Basin This is a large in ground cast in place structure at the west 
end of the filter building which was formerly used to boost 
dissolved oxygen levels in the plant effluent prior to 
discharge. 

Sludge Lagoons In ground structures formerly used for the storage of 
biological sludge resulting from the treatment of paper mill 
wastewater. 

Ejector Vault A below grade structure housing pumps for discharging all 
filter building side streams to the industrial effluent pump 
station, located between the clarifiers. 

Wet Wells Two 20-feet deep (operating depth) concrete wet wells 
(approximately 16 feet in diameter) located inside of the 
filter building  

Process Piping There is a variety of piping within the filter building 
connecting the carbon filter vessels and other treatment 
process equipment. There are a number of pumps and 
motors, ranging in size from 0.50 to 200 HP, which are 
currently not in use and falling into various stages of 
disrepair.  

Clear Well This is a large cast in place concrete tank beneath the filter 
building originally designed for effluent storage and 
disinfection.  
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The results of the environmental Mass GIS screening are included on Figure 4. GIS screening 
of the area shows that the project location is not located in an Area of Critical Environmental 
Concern (ACEC) or Protected Open Space. The proposed project location is also not located 
within an area of National Heritage & Endangered Species Program (NHESP) Estimated 
Habitats of Rare Wildlife. There are no certified or potential vernal pools in the project vicinity. 
There are two perennial streams on the eastern side of the property. If work is to occur within 
200 feet of these streams, a Notice of Intent (NOI) may be required as discussed below. There 
are also DEP mapped wetlands on the project site. It is not anticipated that this project would 
include filling of wetlands. If work is to occur within 100 feet of wetlands, then a Request for 
Determination of Applicability (RDA) would be required. A portion of the site is also located 
within the 100-year flood zone. It is expected that this area can be avoided when planning the 
location of future project related infrastructure. These and other permitting requirements are 
discussed in further detail in the sections below. 
 

3.1.2 Registered or Permitted Facilities 
 
In addition to the environmental data layers mentioned above, a review of the existing registered 
or permitting facilities was conducted. The MassDEP maintains a database of major facilities is 
a statewide point dataset containing the location of a subset of facility types regulated by 
MassDEP’s Bureau of Waste Prevention (BWP). The following “major” facility types have been 
included in this screening: 
 

• Large Quantity Generators of Hazardous Waste (LQG)  
• Large Quantity Generator of MA-regulated Hazardous Waste (LQG_MA) 
• Large Quantity Generator of EPA/RCRA-regulated Hazardous Waste (LQG_RCRA) 
• Large Quantity Toxic Users (LQTU) 
• Hazardous Waste Recyclers (HWR) 
• Hazardous Waste Treatment, Storage and/or Disposal Facilities (TSDF) 
• Facilities with Air Operating Permits (AIR) 
• Facilities with Groundwater Discharge Permits (GWD) 
• Facilities with Surface Water Discharge Permits (SWD) 

 
Based on review of this data set, there is one solid waste facility (inactive landfill) in the vicinity 
of the project site. The listed facility is located approximately 0.5 miles southwest of the site. The 
active Fitchburg Landfill is located approximately 1.5 miles south of the site. The location of the 
solid waste facilities, in addition to the nearby paper mills, is indicative of the industrial nature of 
this area of City of Fitchburg. The results of the screening are provided on Figure 5, Appendix A. 
 

3.1.3 Proximity to Residents 
 
The West Plant is located in an industrially-zoned area within the City of Fitchburg. The nearest 
residential properties are located approximately 1,025 feet northwest of the site. The process 
building on site is also approximately 1,400 feet from multifamily condominiums located off of 
Constitution Drive northeast of the Site. The closest residential areas south of the site are 
approximately 1,500 feet, across from the Can Am Machinery warehouse facilities, located 
along Princeton Road. The properties west of the site include Newark Paper Mill, followed by 
other industrial properties. The nearest western residential properties are approximately 4,500 
feet west of the site, along Victoria Lane. From a traffic perspective, the site is located 
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3.2.3 Stormwater 

 
A Stormwater Pollution Prevention Plan (SWPPP) would be prepared and submitted to 
MassDEP during final design of the project. The SWPPP would identify a pollution prevention 
team, potential pollutant sources, stormwater management controls, monitoring requirements, 
record keeping, and reporting responsibilities. The SWPPP would also include a site map 
illustrating discharge locations, identifying receiving water bodies, and showing locations of 
materials exposed to precipitation. A project that disturbs an area greater than one acre would 
be regulated by EPA through a Construction Activities Permit. The site contractor would also be 
required to obtain a NPDES Permit before construction could begin. Local building permit plans 
should include stormwater protection measures as warranted by the proposed construction. 
 

3.2.4 Air Quality Permitting 

 
According to 310 CMR 4.10(2), installation of new biogas fired CHP engines would require Non-
Major Comprehensive Plan Approval l from MassDEP. Therefore, a Non-Major Comprehensive 
Plan Approval application should be submitted for this project. The Non-Major Comprehensive 
Plan Approval application process can take up to six months. This application must include a 
Best Available Control Technology analysis, and a dispersion modeling demonstration. The U.S. 
EPA sets emission limits in 40 CFR 60 Subpart JJJJ, Standards of Performance for Stationary 
Spark Ignition Internal Combustion Engines, shown in Table 3-2 below. All anaerobic digester-
gas fired engines must comply with these limits for nitrogen oxides (NOx), carbon monoxide 
(CO), and volatile organic compounds (VOC). The New Source Performance Standards (NSPS) 
requirements for new spark ignition-internal combustion engine (SI-ICE) burning digester gas 
are divided into two parts: 1) All digester gas engines (except lean burn engines greater than or 
equal to 500 hp but less than 1,350 hp); and 2) Lean burn engines greater than or equal to 500 
hp but less than 1,350 hp. The intention is to design the project to meet the USEPA limits 
identified in Table 3-2(16). 
 

*Current standard: 71 Federal Register 39172, July 11, 2006 

3.2.5 MassDEP  

 
Acceptance of SSO at the proposed Fitchburg facility will require a written approval by 
MassDEP according to 314 CMR 12.00. It is anticipated that this approval would be received 
from MassDEP based on the known goals for the SSO initiative.  

Table 3-2 
US EPA Emissions Standards for Stationary Digester Gas Engines 

Engine Type and 
Fuel 

Max. 
Engine 
Power 
(HP) 

Manufacture 
Date 

Emission Standards* 
g/HP-hr Ppmvd at 15% O2 

NOx CO VOC NOx CO VOC

Landfill/Digester Gas 
(Except Lean Burn 
500<HP<1,350) 

HP<500 
7/1/2008 3.0 5.0 1.0 220 610 80 
1/1/2011 2.0 5.0 1.0 150 610 80 

HP>500 
7/1/2007 3.0 5.0 1.0 220 610 80 
7/1/2010 2.0 5.0 1.0 150 610 80 

Landfill/Digester Gas 
Lean Burn 

500<HP
<1,350 

1/1/2008 3.0 5.0 1.0 220 610 80 
7/2/2010 2.0 5.0 1.0 150 610 80 
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According to the solid waste regulations (310 CMR 16.00), a site assignment is only required for 
an area of land where solid waste uses can occur. The SSO materials handled at a wastewater 
treatment plant or at an exclusive organics processing facility are not considered a solid waste; 
therefore, we do not believe this project would require a solid waste site assignment.  
 

3.2.6 Massachusetts Environmental Policy Act (MEPA)  

 
MEPA regulations indicate that facilities that store, treat, or process over 50 tons of wet sludge 
per day may require a MEPA filing. The need for a MEPA filing should be determined based on 
the final design. 

3.2.7 Natural Heritage and Endangered Species 

 
The project site is not located within an area of critical or estimated habitat.  A Massachusetts 
Endangered Species Act (MESA) Project Review Checklist should be filed with the 
Massachusetts Division of Fisheries and Wildlife. Based on a review of the information that was 
provided and the information that is currently contained in the database, it is likely that the 
NHESP will determine that this project, as currently proposed, will not result in a prohibited 
“take” of state-listed rare species. 
 

3.2.8 Fitchburg Planning Board 

 
The City of Fitchburg Planning Board should be consulted to confirm that there are no zoning 
requirements which would require approvals before this project could be constructed. As stated 
previously, there do not appear to be any zoning regulations which would prohibit the 
construction of an anaerobic digestion facility at the existing West Plant.  
 

3.2.9 Local Building Permits 

 
A local building and electric permit would need to be obtained prior to construction by the 
general contractor performing the work.   
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• Municipal Biosolids from former Fitchburg East Plant incinerator clients – approximately 
4,650 dry tons per year, and 

• Dewatered solids from Newark Paper Mill in Fitchburg – approximately 5,000 dry tons 
per year. 

 
The City of Fitchburg historically accepted WWTF biosolids from approximately 42 surrounding 
communities before shutting down the incinerator in the summer of 2012. The City now only 
processes its own residuals at the East Plant, as well as septage from within Fitchburg.  
Biosolids processed at the Fitchburg East Plant are disposed of at the City of Fitchburg landfill, 
which is currently being contract-operated by Waste Management, Inc.   
 

4.2.1 Source Separated Organics (SSO) 

 
Source-Separated Organics (SSO) are defined as compostable or digestible materials that are 
segregated from the point of generation and collected separately from waste materials, to avoid 
any blending or contamination from the waste materials. SSO are expected to contribute about 
2,000 wet tons per year to the Fitchburg digester project. The SSO will consist primarily of pre-
consumer restaurant food waste (including fats, oil and grease) and grocery store wastes(23). 
This equates to 5.48 wet tons per calendar day and 7.69 wet tons per operating day (Monday 
through Friday). We expect this waste to be at about 4 to 5% total solids and have a chemical 
oxygen demand (COD) of approximately 100,000 mg/L. Our solid waste industry source, and 
prospective contributor, indicates that their food waste is both pre-consumer and post-
consumer, but it has been decontaminated (no plastics or metals).This is estimated to contribute 
100 dry tons per year. 
 

4.2.2 Municipal Wastewater Biosolids (BIO1) 

 
“Sewage Sludge” refers to the solids separated during the treatment of municipal wastewater. 
The definition includes domestic septage. “Biosolids” refers to treated sewage sludge that meets 
the EPA pollutant and pathogen requirements for land application and surface disposal. 
Estimates on municipal wastewater biosolids were received from the prospective solid waste 
management company. This substrate is estimated to contribute 20,000 wet tons per year, at an 
average solids concentration of 24% total solids. This equates to: 
 

• 26,301 dry lbs. per day 
• 78,839 gallons per calendar day at 4% total solids 
• 110,375 gallons per operating day (assuming 5 days per week) at 4% total solids 

 
These municipal biosolids are all dewatered and will be delivered to the site as such. They will 
need to be re-constituted to get it to the proper digester feed concentration of 4%. We will need 
to have facilities available to receive and blend these biosolids. An average of 76% Total 
Volatile Solids is expected in a quantity of 4,800 dry tons per year. 
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Table 4-1 
Feedstock & Delivery Methods 

Feedstock 
% 

Solids 
Form 

Quantity/Operating 
Day 

Deliveries 
/Operating 

Day 

Truck 
Type 

Source Separated 
Organics (SSO) 

4 - 5 Slurry 7.7 wet tons 1 
Tanker 
Truck 

Biosolids – Private 
Operator Source 
(BIO1) 

24 
Dewatered 

Cake 
77 wet tons 11 

Open 
Body 
Dump 

Biosolids – Area 
Municipalities (BIO2) 

3.8 
average 

Slurry 130,000 gallons 16 
Tanker 
Truck 

Newark Paper Mill 
Biosolids (PMS) 

35 
Dewatered 

Cake 
56 wet tons 6 

Open 
Body 
Dump 
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4. Power and heat generated by the CHP units 
5. Parasitic (system) power requirements 
6. Waste heat produced 
7. Net power for distribution  

 
As noted above, this mass and energy balance “closes the loop” on this unit process by 
accounting for all process variables. By showing that we have considered all energy and mass 
inputs and outputs, and that they “balance”, we are confident that our modeling effort for the 
proposed anaerobic digestion system is complete. 
 
The process model outputs, listed in Section 5.2 above, have been confirmed through this 
process and are the basis for digestion and power generation, equipment sizing and pricing; 
and, therefore the basis for our cost-feasibility analysis, presented later in this report. 
 
A general mass flow diagram for an anaerobic digestion process is presented as Figure 8, 
Appendix A. The mass flow diagram would typically depict specific numerical information on the 
mass and energy balance for the project. A typical vendor who provides this proposed type of 
process equipment has indicated that the mass and energy balance for the proposed project 
has been completed and confirms the project, as proposed, to be functional. However, since the 
proposed process tends to be proprietary in nature, vendors have declined to provide the 
specific information on our proposed project. 
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course some of the most economically promising sources are other high organic content waste 
streams such as recovered waste cooking fats, oils and greases, dairy wastes and other 
industrial wastes including organic solid wastes from the food processing industry and even 
source separated organic waste. The anaerobic digestion process provides multiple benefits 
including substantial reduction of the exiting waste stream residual mass to be disposed of, 
conversion of that mass to a more stable and environmentally friendly end product that can 
often be used as a soil amendment for agriculture, and a significant amount of energy. 
 
All of these factors have resulted in an increasing number of facilities employing anaerobic 
digestion being built and operated around the world. As society’s need for renewable energy 
and organic waste production increases, and with advances in the efficiency of the technology, 
the number of anaerobic digestion facilities is expected to increase significantly in the coming 
years. The advantage of the anaerobic digestion process is that it can process virtually any 
biodegradable material into methane when properly designed and operated. 
 
The anaerobic digestion process is in its simplest terms a natural “decay” process. It is in fact a 
result of the natural metabolic “life cycle” process of a variety of naturally occurring 
microorganisms. It happens in nature all the time, in fact many of the microorganisms are 
present in the gut of animals (including humans) where they help with the digestion of food by 
converting complex organics into simpler byproducts that are more easily absorbed by the body. 
The decay of organic sediments at the bottom of lakes and streams and in swamps is affected 
through anaerobic digestion. This is in fact where “swamp gas” comes from, it is simply one of 
the byproducts of the process. Anaerobic digestion, like most metabolic processes, is a complex 
one but generally includes two primary steps. The first step is the conversion of complex organic 
molecules ultimately to largely CO2, Acetic Acid and hydrogen. This is itself actually a multistep 
process biologically carried out by several groups of microorganisms producing various 
intermediate byproducts that are then converted to the identified end products. The second step 
is performed by a specific group of organisms know as methanogens. These microorganisms 
convert the acetic acid and hydrogen to methane gas, CO2 and water. Other byproducts of 
anaerobic digestion, produced in lesser amounts, include hydrogen sulfide gas, inert solids, 
ammonia and others in even smaller amounts. Nutrients are concentrated in the reduced 
amount of residual inert solids, increasing their value as a soil amendment. Conversion of 
organic solids, by as much as 60% or more, can be achieved through anaerobic digestion, 
significantly reducing the volume of solids requiring disposal. 
 
The goal of an anaerobic digestion facility is to optimize both the potential energy value of the 
feed materials and the efficiency of the anaerobic digestion process. The potential energy of the 
feedstock depends on both the inherent energy value it contains as well as the energy 
necessary to make it readily digestible by the microorganisms. Fats, oils and greases from food 
production and other high strength liquid waste, such as concentrated dairy and brewery 
wastes, are particularly high value because they require less processing than materials such as 
slaughter house waste and source separated organic wastes, which must first be processed 
typically into a slurry which requires additional processing steps including various levels of 
grinding and blending with other liquid wastes. Other moderate to high value wastes include 
wastewater treatment plant sludge, particularly “raw” or untreated solids settled from the influent 
wastewater, although waste sludge from aerobic processes is also a viable source as is 
domestic septic tank waste. With an adequate supply of sufficiently high energy content waste, 
anaerobic digestion can produce significant methane and subsequently useable energy. 
Homogenization and pasteurization can condition less degradable waste streams for improved 
degradability within the digester. 
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Maximizing conversion of the energy available in the waste to methane requires optimization of 
the digestion process itself. This requires an understanding of the environmental conditions 
under which the microorganisms performing that conversion function best. Critical 
considerations for efficient digestion are temperature, pH, mixing, active biomass population 
and reactor organics concentration.   
 

1. Temperature - As noted earlier, the anaerobic digestion process is biologically a 
multistep process with various steps performed by different groups of microorganisms. 
The different groups of organisms have somewhat different temperature preferences the 
most significant being the methanogens. Some methanogens can perform well at 
temperatures between approximately 90 and 100 degrees Fahrenheit (referred to as 
mesophilic range) with the optimum being 95 degrees while other species function best 
at approximately 120 to 135 degrees Fahrenheit (the thermophilic range). There are 
more species of methanogens in the mesophilic range than there are in the thermophilic 
range. Furthermore the mesophilic species have proven to be more tolerant of variations 
in environmental conditions. Alternately, thermophilic digestion proceeds at a higher rate 
and as such produces gas faster than mesophilic digestion. The speed however comes 
at the price of the energy to keep the digester at the requisite temperature which is 
contrary to the primary purpose in this case, energy production. This and the inherent 
stability of the mesophilic process make it the preferred choice for anaerobic digestion 
facilities. 

 
2. pH - pH is an important consideration in efficient anaerobic digestion. The methanogens 

tolerate only a relatively narrow range of pH. The first step in the process results in the 
production of CO2 and acids, ultimately acetic acid, which the methane formers then 
convert to methane. The acid production would decrease the pH if not for the buffering 
capacity provided by the CO2 produced. If the pH drops too low the methanogens will 
slow down and as pH drops further will shut down all together. Overproduction of acids 
and pH drop is typically a result of overfeeding of the reactor such that the first (faster) 
step produces acid faster than the methanogens can convert it to methane and CO2. The 
pH increase slows the methanogens making the problem progressively worse and if not 
corrected in time will shut down the reactor. As such control of the feed rate based in 
part on monitoring of the pH is critical to maintaining reactor performance.    

 
3. Mixing – Mixing of the reactor improves performance by increasing the contact between 

the microorganisms and the waste. Mixing in digesters can be provided in a number of 
ways, methods employed have included conventional rotary shaft style and linear motion 
shaft mixers, internal and external mounted “Pump and Nozzle” hydraulic mixing and 
pulsed compressed gas type systems. The various shaft style mixing systems include 
one or more cover mounted shaft drives with shafts equipped with one or more types of 
mixing blades mounted on the shaft extending through the cover into the reactor. Rotary 
shaft mixers as the name implies are effectively propellers mounted on a shaft that 
rotates providing the mixing energy. Linear motion mixers, as the name implies, employ 
a linear shaft motion. The drive is located on the cover and the blade equipped shaft 
penetrates the cover into the tank contents. The blade however is not a propeller but an 
open faced disk. The shaft moves up and down a short distance and the disc creates 
pulsation mixing the tank contents. Pumped hydraulic systems are rather simple, 
consisting of pumps that circulate the tank contents through one or more nozzles located 
in the tank directed so that they maximize the movement of the tank contents. The 
pumps are either submersibles internal to the tank or dry pumps external to the tank. 
These systems provide mixing both thorough circulation and the jet mixing effects of the 
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as part of this project. However, SSO screening and any decontamination equipment could be 
easily added at a future date if the plant’s operators wish to pursue feedstocks such as off-spec 
packaged foods or front-of-house restaurant organics, which tend to contain more 
contaminants.  
 

6.3.2 Inlet Receiving and Buffer Tank 

Each substrate source will be stored onsite and processed accordingly to ensure an 8% Total 
Solids (TS) slurry in the buffer tank. As described earlier, bringing the solids to 8% before 
feeding the digestion process will ensure that pasteurization can take place without needing 
supplemental heating fuel. Prior to the buffer tank, substrates will need to be carefully 
reconstituted and blended, as described previously. This will be accomplished in steps between 
the individual receiving tanks (repurposed wet wells) and the proposed blending tank. The 
existing post aeration basin will be reconfigured to act as a large blend tank which will provide 
for equalization between the receiving tanks and the buffer tank. The blend tank will also ensure 
the proper solids concentration in the substrate feed to the buffer tank, as well as provide 
emergency storage for an emergency like contaminated substrates being delivered to the site. 
In this way, contamination can be controlled and dealt with without affecting the entire digestion 
process. The existing post-aeration basin will be modified as follows: 
 

1. The main body of the vessel shall serve as the new blend tank. 
2. A sectional aluminum cover will be installed on top of the tank. 
3. The effluent launder for the existing tank will be reconfigured to act as a dry pit for the 

buffer tank feed pumps, which will allow for a flooded suction setup enabling this 
relatively thick material to be transferred effectively to the buffer tanks.  

 
The buffer tank will be constructed of insulated, glass-lined bolted steel panels with a fixed 
aluminum cover. This tank, 660,000 gallons in capacity, is proposed for construction just south 
of the Filter Building, between the Filter Building and the existing backwash lagoons (no longer 
in use). This tank will provide 4 days Hydraulic Retention Time (HRT) for the substrates prior to 
the pasteurization process, allowing spikes in flow during the week to be equalized. The 
digestion process relies on a steady consistent feed rate, in order to be effective. 

The buffer tank will be equipped with a jet mix type recirculation system (with a chopper pump) 
to maintain a homogenous mix of the multiple feed stocks.  

6.3.3 Pasteurization System 

Homogeneous flow from the buffer tank is pumped to the pasteurization plant, via positive 
displacement pumps, at a nominal rate of approximately 22 gpm. It is pumped directly to one of 
three pasteurization tanks. Pasteurization will be a batch process, taking place in three parallel 
tanks, each with a maximum batch volume of (nominally) 1,325 gal. At any one time, one tank is 
filling and being heated to 162°F, one tank is holding (batch hold for time temperature pathogen 
kill) and one tank is emptying. This approach allows a continuous feed in and a continuous feed 
out, while providing the one hour batch hold at 158°F required to meet the strictest U.S. EPA 
pathogen destruction requirements. This step is critical to the economic feasibility of this project. 

The pasteurization equipment and feed pumps will be located inside the existing filter building, 
on the main floor. Please refer to the attached conceptual design drawing, Figure 9, Appendix 
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A. The welded steel and insulated pasteurization tanks are independently mixed via external 
pump recirculation with a dedicated mixing pump per vessel. 

Heated, pasteurized slurryis pumped from the pasteurization plant to the anaerobic digester, via 
positive displacement pumps. These pumps are located adjacent to the pasteurization system, 
inside the Filter Building.  

6.3.4 Anaerobic Digestion  

Pasteurized slurry is pumped to the Anaerobic Digesters via cooling heat exchangers to bring 
the slurry to a digester feed temperature of approximately 107o F.  Heat from the cooling heat 
exchanger will be captured from the slurry and used to help heat the incoming substrates from 
the Buffer Tank. There will be two digesters, each with a 1.2 million gallon capacity.  We 
suggest sequential feeding between the two digesters, such that one pasteurized batch is fed to 
each digester in turn, in one hour intervals (i.e. each digester is fed once every 2 hours). 
Sequential feeding on a continual basis will produce the best result from this process. 

As described in Section 6.1, anaerobic digestion converts organic material to biogas (methane 
and carbon dioxide) by the fermentation of organic material in the absence of oxygen. The 
minimum retention time of the digester is approximately 20 days. Biogas is collected within the 
roof space, which is connected to the biogas system. 

As sequential feeding of the digesters is suggested, we would also suggest sequential sludge 
withdrawal from the digester, again every four hours to minimize short circuiting. 

The proposed digesters will be insulated, glass-lined, bolted steel tanks, with a fixed cover. 
These tanks will be installed on the site of the existing Backwash Lagoons. While the digesters 
will be the same inside diameter as the existing Backwash Lagoons the existing lagoon 
structures are not suitable for adaptation to this process. In addition we anticipate that existing 
buried process piping between the backwash lagoons in the filter building is not suitable for 
reuse with the digestion system. The existing lagoon yard piping can be kept and abandoned in 
place. The lagoon structures will need to be demolished. The cost of this demolition is included 
in our anticipated project cost summary. 

6.3.5 Gas Mixing  

A sequential gas mixing system will draw biogas from the headspace of each individual 
digester, compress and recirculate the gas to the base of the digester using nine (9) mixing lines 
per tank.  Each mixing line shall operate in turn, following a pattern designed to optimize 
digester blend time and minimize short circuiting. By mixing segments of the digester 
sequentially, the system can provide intensive localized mixing within digester zones with a low 
overall mixing energy.  This serves to minimize compressor size and related power 
consumption. 

All mixing lines can be individually isolated and flushed using either nitrogen gas or high 
pressure water for cleaning, as required.  The digester gas mixing system is proposed for 
installation in a small pre-engineered metal building, constructed adjacent to the two proposed 
digesters.  
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6.3.6 Digester Cooling  

As the pasteurization system feeds the digester at > 158°F, the digesters will require cooling 
under normal operation, with a maximum cooling duty calculated as 191,250 BTU/h. Cooling will 
be accomplished by a single dedicated heat exchanger system per digester which incorporates 
a sludge recirculation pump to draw warm digested sludge from the tank and circulate it through 
the cooling heat exchanger and back to the digester.  This equipment will also be located in the 
building which houses the gas mixing system. 

Fresh feed from the pasteurization process will be introduced into the suction side of this 
recirculation pump in order to pre-dilute fresh feed and allow improved cooling efficiency. 
Cooling water will be supplied by a “cooling ring main” which will circulate potable water through 
a shell and tube heat exchanger acting as an interface with the sites final effluent supply.  This 
cooling water will be provided from a plant water skid, to be located on the main floor of the 
existing Filter Building. 

Each individual heat exchanger will be independently controlled to modulate the degree of 
cooling to control the digester temperature to +/- 1.8°F from the control point.  

6.3.7 Digester Heating  

In addition to being able to cool the digesters, the heat exchanger system is configured such 
that it can draw hot water from the boiler primary ring main to heat the digesters.  This will be 
required during digester commissioning, when starting the process for the first time, and also as 
maintenance heat at times when there is low feed (i.e. when the hot sludge feed to the digesters 
is lower and hence heat input is lower).  A boiler can be brought to the site temporarily for start-
up heating needs, until the system is self-sufficient; or can be installed as a permanent standby 
in the existing filter building.  For the purposes of this report, we have not included installation of 
a permanent gas fired boiler. A formal determination on this matter can be made during the final 
design phase of this project. 

The system has been configured this way to give maximum control of the system allowing 
digester temperature to be maintained independently of feed rate and ambient temperature 
extremes. Hot water will be supplied by the heat exchangers via recovery loop from the CHP 
engines, capable of utilizing either natural gas or biogas as a heat source. 

6.3.8 Digestate Dewatering 

Digestate, the stabilized material produced by the digestion process, will be transferred via 
positive displacement pump to Post Digestion Storage. Post Digestion Storage will take place in 
the existing vertical steel tanks at the east end of the Filter Building. These tanks were 
previously used to store sludge prior to the dewatering process. These tanks will be retrofitted 
with a jet mixing system to keep the contents homogenous prior to dewatering. A positive 
dewatering feed pump system will transfer digestate from the post digestion storage tanks to the 
two existing 2-meter belt filter presses, located on the second floor of the Filter Building. These 
belt filter presses were added to the West Plant fairly recently, and have not exceeded their 
useful life. While these units are in fairly good condition, they have been sitting idle for several 
years and will require rehabilitation prior to operation.  
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Using these existing presses, and a new liquid polymer feed system, we anticipate digestate 
can be dewatered to approximately 22% to 24% total solids(2). Dewatered digestate will be 
transferred to roll-off containers inside an existing Sludge Storage Building which was recently 
constructed north of the Filter Building using an existing conveyor system. The conveyor is a 
shaftless screw conveyor and will require rehabilitation prior to commencing operation of this 
facility, for the same reason as the belt filter presses. Class A dewatered product will be 
accumulated in two 30-yard roll-off containers inside the Sludge Storage Building. Once these 
containers are full, they will be hauled off site for a beneficial end use(2). We anticipate an 
average of four trips per day of this material would be hauled off site. On site storage is not 
recommended(4) due to the limited space at the facility.  

Filtrate from the dewatering process will drain to the existing dewatering effluent pump station. 
We suggest replacement of the dewatering effluent pumps with equipment suitable to handle 
the filtrate load from the proposed process conversion. Filtrate will be discharged across the site 
through an existing force main, to the Industrial Effluent Pump Station, located between the 
existing wastewater clarifiers. Pumps in this structure currently transfer all industrial effluent 
from the West Plant to the Fitchburg sewer interceptor on Princeton Road. All wastewater 
collected or generated at the West Plant, now and in the future, will be treated at the Fitchburg 
East Plant. The East Plant has hydraulic capacity to accept the expected filtrate volume. 
Additional study would be required to determine if any additional phosphorus load to the East 
Plant would require pretreatment prior to discharge from the facility (27). The additional study 
would be developed as part of a basis of design for the proposed digestion facility.  

6.3.9 Biogas 

An interconnecting piping system will connect the Buffer Tank, Pasteurization Tanks, and both 
digesters to a biogas storage facility, to be constructed between the Filter Building and 
Wastewater Clarifier No. 2 on the west side of the site. The Biogas Storage Facility will consist 
of a pad-mounted bladder with 52,000 ft3 of storage capacity at approximately 10” w.c. gas 
pressure. The storage facility will “float” (allow gas into and out of the bladder) on the gas 
system header similar to the way a water storage tank “floats” on a municipal water distribution 
system. Gas generated by the digester and other process vessels, will be used to feed two 0.75 
MW containerized CHP units. 

Gas safety equipment will be installed on all gas lines, and at all process structures to which 
these gas lines connect. The gas safety equipment, gas piping, and any required fire protection 
systems, would be designed and installed in accordance with NFPA 820. This is the National 
Fire Protection Code for facilities handling biogas. Also connected to the manifold will be two 
waste gas burners, or flares, which will have continuous sparking devices. Any gas not 
consumed by the CHP units (i.e. if the CHP units are off-line for maintenance) will be stored in 
the Biogas Storage Facility until it has reached maximum capacity. At that time, gas will be 
vented via specialized pressure relief system to one or both waste gas burners, depending upon 
the amount of gas being wasted. The flares will ignite the vented gas, eliminating odors and any 
danger of explosion of the discharged gas(15). 

6.3.10 Combined Heat and Power (CHP) 

Two CHP units will be located on cast-in-place concrete pads at the east end of the Filter 
Building. Biogas will be fed to two internal combustion engines, which in turn drive two 0.75 MW 
generators. Power generated by the system could be used to existing and proposed building 
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loads (all of the electric loads related to existing operation and the proposed digestion system). 
Remaining power will be net metered for commercial distribution, providing a source of revenue 
to offset the construction and operating costs of this project. Please refer to Section 8 for an 
additional description of the power generation component of this project, and related equipment. 

Heat generated by the CHP units will be collected in the form of hot water from the motor 
jackets and a heat exchanger on the generator exhaust. This water will be primarily used to 
supply heating for pasteurization. Typically, up to 2/3 of the energy produced by the CHP 
process is heat energy. In addition to heat supplied to the pasteurization process, some hot 
water will be used to heat the Filter Building, Gas Compressor Building, and ancillary facilities. 
Based on preliminary design assumptions, we anticipate that the heat produced by the CHP will 
be just enough to supply the facilities noted above. We do not expect that there would be 
sufficient heat produced to export off-site. Refer to Section 7 for further discussion of useful heat 
production. 

6.3.11 Odor Control 

It is recognized that odors from feed stock deliveries and the general digestion process would 
be of great concern to neighbors adjacent to the facility and along the trucking routes. As 
discussed above, approximately half of the truck traffic delivering feed stock to the site will be 
transported via enclosed tanker trucks. The enclosed nature of the tanker trucks will limit the 
potential for odor issues during transport. Once having arrived to the facility, the tanker trucks 
will be emptied using a liquid receiving station, which will allow for direct connections to the 
tanker trucks via a quick connect coupling system and transfer pumps. The enclosed nature of 
the receiving station and the tanker trucks provide limited potential for nuisance odors during 
transport and unloading operations. 

Transportation of dewatered municipal biosolids to the Fitchburg West Plant is anticipated to be 
completed via open body dump trucks. As the dump body portion of the truck is open to the 
atmosphere, there is potential for odor generation during trucking, receiving and processing of 
dewatered solids. Odors from trucking operations, if present, could be mitigated by the use of 
oxidizing agents such as potassium permanganate introduced to the sludge at the point of 
origin. Once at the West Plant, the sludge receiving station and blending tankage will be 
completely enclosed within a building, thereby reducing nuisance odor potential.  On-site odor 
generation could be further managed and limited during the receiving, handling and processing 
operations with the addition of on-site odor control measures.  

Odor control provisions would be included as part of the facility design, and would include 
development of baseline air quality data(19). Odorous air would be collected from non-
pressurized tank headspaces as well as all process buildings via a negative air pressure 
ventilation system, similar to vapor recovery systems used in the petroleum industry. A wet 
chemical scrubber system could be used to spray a chemical solution mist into the odorous air 
stream, oxidizing sulfides and other odor causing constituents. A biofilter system could force air 
upward through a media which supports the growth of microorganisms which metabolize the 
odor forming compounds in the air. The exact type of system will be selected during the facility 
design phase. An allowance has been carried for odor control in the estimated construction 
budget for the project.  
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Table 8-2  
Opinion of Probable Cost  

Description Quantity Unit Unit Cost Extended Cost 

Wetwell Demolition 1 LS $100,000  $100,000 
Wetwell Divider Wall Construction 1 LS $50,000  $50,000 
Mechanical Demolition Filter 
Building 1 LS $750,000  $750,000 
Mechanical Demolition - Scrap 
Value 1 LS ($250,000) ($250,000)
Existing Backwash Lagoon 
Demolition 1 LS $500,000  $500,000 
Existing Belt Filter Press 
Rehabilitation 2 EA $75,000  $150,000 
Existing Sludge Conveyor 
Rehabilitation 1 LS $20,000  $20,000 
Dewatering Pump Station Retrofit 1 LS $150,000  $150,000 
Abandon Existing Municipal 
Clarifiers 1 LS $150,000  $150,000 
Cover for Exist. Post Aeration Tank 
(Reuse as Blend Tank) 1 LS $500,000  $500,000 
Anaerobic Digester Tanks  
(1.2 MG each) 2 EA $1,000,000  $2,000,000 
Buffer Tank (0.66 MG) 1 EA $500,000  $500,000 
Pasteurization Skid 1 EA $1,200,000  $1,200,000 
BioGas Storage System 1 EA $1,000,000  $1,000,000 
Digester Sequential Gas Mixer 
System 2 EA $100,000  $200,000 
Receiving Tank Mix System 1 LS $50,000  $50,000 
Blend Tank Mix System 1 LS $50,000  $50,000 
Buffer Tank Jet Mix System 1 LS $50,000  $50,000 
Post Digestion Storage Mix System 1 LS $50,000  $50,000 
Liquid Biosolids Mix System 1 LS $50,000  $50,000 
Transfer Pump Syst.  
(Buffer to Pasteurization.) 2 EA $10,000  $20,000 
Dewatering Feed Pump System 3 EA $10,000  $30,000 
Biogas Booster Pump 2 EA $50,000  $100,000 
Transfer Pump (SSO to Buffer) 2 EA $10,000  $20,000 
BioSolids Conveyance 
(Blend to Buffer) 1 LS $250,000  $250,000 
Transfer Pump  
(Liq. BioSolids to Blend) 2 EA $10,000  $20,000 
Liquid BioSolids Receiving Station 1 LS $25,000  $25,000 
Dewatered BioSolids Receiving 
Station 1 LS $100,000  $100,000 
CHP Generator/Control Equipment 1 LS $4,500,000  $4,500,000 
Gas Handling Equipment Allowance 1 LS $500,000  $500,000 
Electrical Interconnection  1 LS $386,000  $386,000 
Odor Control Allowance 1 LS $600,000  $600,000 
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Scenario 1: Base case projecting anticipated volumes of feedstock at current 

estimated market values;  
Scenario 2:  Considers decreasing market value of disposal by 25%, and  
Scenario 3:  Considers 25% decrease in disposal fees and no net metering availability 

due to risk of net metering capacity.  
 
Table 8-3 below provides a summary of the economic model assumptions of the three 
scenarios: 
 

Table 8-3 
Economic Model Variable Input Parameters 

Description Scenario 1 Scenario 2 Scenario 3 
CHP Nameplate (kW) 1,500 1,500 1,500 
Gross Capacity Factor 85.0% 85.0% 85.0% 
Net Annual Energy Production (kWh) 11,169,000 11,169,000 11,169,000 
Annual Facility Use (kWh/yr) 554,000 554,000 554,000 
Useful Heat Energy, (kWh/yr) 864,557 864,557 864,557 
Retail Offset (kWh) $0.1387 $0.1387 $0.1387 
Net Metering Credit (kWh) $0.1387 $0.1387 $0.0500 
REC value Y1-Y10 (kWh) $0.0500 $0.0500 $0.0500 
REC value Y10-Y20 (kWh) $0.0250 $0.0250 $0.0250 
AEC value Y1-Y10 (kWh) $0.0210 $0.0210 $0.0210 
AEC value Y10-Y20 (kWh) $0.0210 $0.0210 $0.0210 
SSO Tipping Fees,  
5.5 Dry Tons per day 

$60.00 $45.00 $45.00 

BIO1 - Private Operator Source,  
13.2 Dry Tons per day 

$279.00 $209.25 $209.25 

BIO2 - Municipal Sources,  
12.8 Dry Tons per day 

$279.00 $209.25 $209.25 

PMS - Newark Paper Mill Biosolids,  
13.8 Dry Tons per day 

$56.70 $42.53 $42.53 

O&M ($/kW) $400.00 $400.00 $400.00 
Project Term, Years 20 20 20 

Financing 
100% 
Equity 

100%  
Equity 

100% 
Equity 

Energy Inflation 0.0% 0.0% 0.0% 
General Inflation 0.0% 0.0% 0.0% 
Discount Rate 7.0% 7.0% 7.0% 

 
Solids are typically described in units of dry tons, a unit of measurement which accounts for the 
total weight of dry solids in a material, excluding water content.  
 
An industry-standard economic metric for a renewable energy project is to examine the net 
present value (NPV). The NPV can be defined as the present value of the initial investment, 
plus all future cash flows. For an anaerobic digester, cash flows are evaluated over the useful 
life of the equipment, in this case 20 years, but sometimes 25 to 30 years, depending upon the 
manufacturer and care taken during the maintenance of the equipment.  
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Another useful measure is a time-adjusted benefit-cost ratio (BCR). The BCR is the present 
value of cash inflows divided by the present value of cash outflow. An investment which has a 
BCR which is greater than 1.00 predicates a positive return on the investment and anything less 
than 1.00 costs more than the benefit of the investment. A project with a BCR of 1.00 is 
considered breakeven.  
 
The Internal Rate of Return (IRR) is also used to judge the economic merits of an investment. If 
the IRR exceeds the opportunity cost of capital, the investment is attractive. If the IRR equals 
the cost of capital, the investment is marginal. The IRR is a capital budgeting metric typically 
used by private firms to decide whether they should make investments. It is an indicator of the 
efficiency or quality of an investment, as opposed to net present value (NPV), which indicates 
value or magnitude. The IRR is the annualized effective compounded return rate which can be 
earned on the invested capital (i.e.: the yield on the investment). A project is a good investment 
proposition if its IRR is greater than the rate of return that could be earned by alternate 
investments of equal risk (investing in other projects, buying bonds, even putting the money in a 
bank account). In general, if the IRR is greater than the project's cost of capital, or hurdle rate, 
the project would add value for the project developer. Formally, the IRR of an investment is 
equal to the discount rate at which the investment’s NPV equals zero. Please note, the IRR and 
simple payback is not an applicable figure of merit where the project is developed with a term 
loan.  
 
For the purpose of this model, general inflation and energy inflation rates are assumed to be 
zero. Normally, general inflation rates, which might range from 0 to 3.5% per year, could be 
applied to project costs, consumables and labor to account for increased costs over time. 
Energy inflation rates, which might average from 1 to 4% per year, could be applied to value of 
useful heat and electricity produced, and the fees for disposal that the project would produce 
and offer; however, small changes to these rates can have significant impacts to the overall 
figures of merit; therefore, they are set at 0% for this feasibility level study. Further, the financial 
analysis would cease to be simple if complex inflationary figures are introduced into the 
analysis. Pension costs of municipal employees associated with the proposed facility were not 
specifically factored into the financial analysis as part of this assessment. The cost model may 
need to be revised, depending on the type of procurement method selected for this project(7, 24). 
Under a public-private partnership model in which operations are provided by the private 
partner, staffing of the AD facility would not add any new employees to the City of Fitchburg 
payrolls. 
 
Project cash flow is based upon the project benefits minus project costs. Cumulative revenue 
from electrical power sales, net metering credits, sale of RECs and AECs and disposal fees 
collected for tipping of organic waste streams that serve as feedstock, monetizing of tax credits 
should be appreciably greater than project costs. Project costs are expected to include design 
and permitting, capital costs required to construct the facility, finance costs, O&M, insurance, 
taxes, land lease payments, discounts given to host for net metering credits, power, heat and 
disposal fees, and startup costs, including soft cost for all of the required contractual 
transactions. The economic model is based on a minimum design life of 20 years, where all of 
the construction occurs in the first year. The facility would need to be evaluated and upgraded at 
the end of 20 years(10).  
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Table 8-4 
Summary of Economic Model Results 

Description Scenario 1 Scenario 2 Scenario 3 

Preliminary Project Cost  $23,700,000  $23,700,000  $23,700,000  

Simple Payback, years 5.9 7.2 9.7 

Internal Rate of Return 15.2% 11.7% 7.3% 

Net Present Value $15,800,000  $8,700,000  $500,000  

20-Year Net Cash Flow $52,100,000  $38,100,000  $22,000,000  

Benefit Cost Ratio 1.50 1.27 1.02 

 
The economic performance improves when factoring in grant funding from MassCEC and 
MassDEP, which could provide up to $900,000, if eligible for maximum. Other economic factors 
which impact the project economics are the project cost, discount rate (cost of capital) and 
inflation factors (both general and fuel-related energy costs). The economic performance erodes 
as the discount rate and general inflation rise. The economic modeling herein assumes that the 
project will be paid for with 100% equity (cash). Simple payback estimates, as the name implies, 
do not consider inflation and is based on the first full year of net revenue divided by the project 
cost. The cost estimates do not include the cost of decommissioning. In this case, these figures 
are assumed to be of equal value and therefore would have a net zero impact on the analysis.  
 
Based on the above, development of a large-scale (1.5 MW) AD project appears economically 
viable and further development is warranted. The simple payback, NPV, IRR, cash flow and 
BCR, from the perspective of a developer, suggest that the project is worth pursuing. If the City 
leases the site to a private developer, then the combination of lease payments and other 
benefits (discounted energy costs, disposal fees, etc.) should be sufficient for the City to make it 
worthwhile to pursue the project. The benefits to the City become a cost to the private developer 
under the third-party ownership model. From the City’s perspective, the financial benefits are 
expected to be significantly less than the base numbers presented above. The analysis is 
sensitive to market fluctuations in the value of several important commodities, many of which 
have historically fluctuated rather significantly year to year; however, the overall benefit to cost 
ratio is appreciably positive and considered attractive for development. Year over year cash flow 
for the economic model scenarios are included in Appendix F(8, 21, 24). 
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private developer, favoring a private ownership model with reduced public risk. Based on the 
above, further project development appears warranted.  
 
Recommended next steps include: developing a conceptual basis of design; conducting 
additional public outreach and involvement in project development; electrical interconnection 
design, and preliminary planning and permitting(12,20). Additional studies related to traffic, 
acoustical and odor control issues could be completed during the project design phase. We 
recommend the City of Fitchburg consider private ownership models, as a means to reduce risk 
and public cost. If private ownership is desired then it should issue a request for qualifications to 
solicit interest from prospective renewable energy project developers under Massachusetts 
General Law Chapter 25A, §11C. Private developers, determined to be the best qualified, could 
be asked to submit proposals to the City to design, construct and operate under a long term 
lease of the facility, discounted disposal fees, power purchase or net metering credit agreement 
or other forms of compensation which are determined to be in the best interest of the City as 
host of the project.  
 
In order for the City to gain the greatest benefit from the current incentive programs, the 
construction of the facility should by underway (greater than 5% of construction cost incurred) 
before December 31, 2016, unless federal tax incentives are extended by Congress(22). 
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FIGURE 3
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FIGURE 6
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Figure 8 is included and presented as a general Mass Flow Diagram for an 
anaerobic  digestion  process.  The  Mass  Flow  Diagram  would  typically 
depict specific numerical information on the Mass and Energy Balance for 
the project. A typical vendor who provides this proposed type of process 
equipment  has  indicated  that  the  Mass  and  Energy  Balance  for  the 
proposed  project  has  been  completed  and  confirms  the  project  as 
proposed to be functional. However, since the proposed process tends to 
be  proprietary  in  nature,  vendors  have  declined  to  provide  the  specific 
information on our proposed project. 
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Photo 1: Klampress® belt filter press (1 of 2) 
3/6/2014 

 

Photo 2: Klampress® belt filter press (2 of2) 
3/6/2014 
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Photo 3: Gorbel® 1-ton overhead crane over belt filter presses 
3/6/2014 

 

Photo 4: Cummins 400 kW diesel standby electric room of filter building 
3/6/2014 
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Photo 5: Main motor control center in electrical room of filter building 
3/6/2014 

 

Photo 6: Steel sludge storage tank (typical 1 of 3) 
3/6/2014 
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Photo 7: Steel carbon storage vessel (typical 1 of 12) 
3/6/2014 

 

Photo 8: Filter gallery 
3/6/2014 
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Photo 9: Filter pump, note corrosion and poor condition 
3/6/2014 

 

Photo 10: Motor control center located on west end of filter building 
3/6/2014 
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Photo 11: 
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Photo 17: 
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Photo 18: 
3/6/2014 
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Photo 21: 
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Photo 23: 
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Photo 25: 
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Photo 56: 
3/6/2014 
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Photo 27: Existing backwash lagoon, facing north 

3/6/2014 
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Anaerobic Digester Process Model  
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Background 
Anaerobic digestion is a highly complex process containing an immeasurable quantity of 
biological and chemical reactions. These processes all take place at the same time, inducing 
many interactions between chemicals and microorganisms. 
 

An anaerobic digester is essentially a bioreactor containing several kinds of microorganisms, 
supplied through the introduction of sewage sludge or manure. Each microorganism has a 
different anaerobic metabolism and is sensitive to diverse chemical conditions. Consequently, 
the state of the biology depends on the composition of the substrates and how microorganisms 
themselves convert the given substrates. An abundance of nutrients and optimal environmental 
conditions result in the growing and reproduction of microorganisms, which in turn allows for a 
high conversion rate of substrates. However, if this conversion of substrates results in a lack of 
nutrients or an increased concentration of a critical chemical, some microorganisms will starve 
or be inhibited. Therefore, a bioreactor is seen as a closed system where all components, 
whether chemical or biological, participate in one or more reactions to maintain system 
equilibrium. 

In the fields of microbiology and environmental engineering, significant laboratory research is 
performed to define the most important processes (Graphic 1). These processes can be 
replicated by computer simulation. 
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Graphic 1 : Anaerobic Digestion Processes  
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Why mathematical simulation? 
As a result of relatively low energy prices in Canada, Biogas project developers were forced to 
use high strength feedstock in order to achieve adequate energy production, ultimately pushing 
biogas systems to their limits. Consequently, some equilibriums in the digestion process are 
shifted to a critical level that could endanger the methanization process or even the operation of 
the entire biogas plant. Predicting these cases of system decline or failure is essential for 
project financing. Traditionally, predicting either relies on time-consuming and expensive lab-
tests. 
To reduce costs and time, Genesys Biogas Inc. developed a mathematical model to simulate 
the anaerobic digestion process in order to predict the biogas yield and stability of the entire 
digestion process. The model is based on the Anaerobic Digestion Model No.1 (ADM1) of the 
IWA task group and the simulation is done with a program known as Aquasim. Genesys Biogas 
Inc. further developed ADM1 with several processes and adjustments concerning high strength 
substrates. 
So far, biogas composition, biogas yields, pH, and levels of organic acids predicted by Aquasim 
have matched lab results quite closely. Aquasim further allows the identification of ammonia 
inhibition as a cause for increasing acetate concentration in the lab test. 

 
 

Reliability of the Anaerobic Digestion Model 
The extended ADM was compared to different laboratory results to determine the accuracy of 
the computer modelling. 
 

BMP Tests 
The energy content of a substrate is usually determined by a laboratory batch digestion study, 
known as a Biochemical Methane Potential test (BMP). Genesys Biogas Inc. simulated BMP 
tests of two different high strength substrates: 

 Substrate 1, a by-product from a milk processing plant. 
 Substrate 2, a by-product of a down-stream process in the Bioethanol production. 
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Chart 1: Simulated biogas production compared to measured biogas production in the 
laboratory for the BMP test of substrate 1. 
 

 
Chart 2: Simulated biogas production compared to measured biogas production in the 
laboratory for the BMP test of substrate 2. 
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Semi-Continuous Flow Digestion Study 
The model was used to simulate a semi-continuous flow study of a Bioethanol by-product over 
45 days. 
Prediction of levels of organic acids, biogas yield and pH are compared to lab results. 
 

 
Chart 3: Simulated concentration of acetic acid and propionic acid compared to measured 
concentrations in the laboratory for the 4L semi-continuous flow reactor over 45 days. 
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Chart 4: Simulated pH values compared to measured pH in the laboratory for the 4L semi-
continuous flow reactor over 45 days. 
 

 
Chart 5: Simulated the biogas flow compared to measured biogas flow in the laboratory for the 
4L semi-continuous flow reactor over 45 days. 
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Monitoring study of Fepro Farm’s Biogas plant 
Fepro Farm’s biogas plant has operated on dairy manure for several years. The process is 
under steady state conditions. 
Based on the available data from the laboratory, values of organic acids and pH were compared 
to the simulation by Aquasim. 

 

 
Chart 6: Simulated concentration of acetic acid and propionic acid compared to measured 
concentration in the laboratory for the Fepro Farm’s biogas plant over 200 days. 
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Chart 7: Simulated pH values compared to measured pH in the laboratory for the Fepro Farm’s 
biogas plant over 340 days. 
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Discussion / Outlook 
The modelling of the biological and chemical processes during anaerobic digestion creates a 
new opportunity to predict the potential and limits of high strength substrates. The enhanced 
model developed by Genesys Biogas Inc. produces an accurate description of the properties of 
potential biogas system substrates. This tool provides the opportunity to choose the most useful 
substrates in your area without time-consuming lab tests. Consequently, it reduces evaluation 
cost during project planning. 
 
The main benefits for our clients are: 

 Evaluation of new substrates with unknown behaviour 
 Reduced cost for substrate evaluation 
 Time benefit with few or no lab tests 
 Process stability verification 
 Prediction of critical components 
 Establishment of operational safety margins 
 Predicting steady state conditions including biogas yields of industrial organic by-

products and its interactions with other substrates present 
 Performance optimization of existing digesters 
 Yield analysis and substrates behaviour of complex interactions in a digester 
 Early warning systems for critical digester feed rates and problematic substrates 
 Optimizing digester feeding regime, optimizing substrate blending in single stage and 

multiple stage digestion 
 
Due to the immense number of biological and chemical processes within an anaerobic digester, 
this enhanced model has a great deal of potential for continued development. As a result, 
Genesys Biogas Inc. continues to refine the model in order to increase the accuracy of 
simulation and the diversity of its application. 
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APPENDIX E 
 

PELLC Electrical Interconnection Report  
and 

Cost Estimate  



 

Electrical Engineering, Power, Lighting, Technical Studies and Utility Consulting 

 
37 Fox Den Road 

Kingston, MA  02364-2150 

(508) 612-0382 Phone 
(781) 936-8641 Fax 

Dave@PowerEngineersLLC.com 

 

POW ER  EN G IN EER S, LLC  

 
Mr. Stephen Wiehe February 3, 2015 
Weston & Sampson Engineers  
5 Centennial Drive  
Peabody, MA 01960 
 
Via Email 
 
 Subject: Report 
   Electrical Evaluations for DG Feasibility Study  
   Fitchburg WWTF West Plant (Organics to Energy) 
 
Dear Steve, 
 
Power Engineers, LLC has completed a preliminary electrical evaluation of the proposed site for the 
new organics to energy project at the above-named location.  Attached please find our detailed 
report, which can be used as the electrical interconnection section in your DG Feasibility Study.   
 
Also attached is a budgetary cost estimate for interconnection equipment and known utility cost 
expenses.  The estimate includes a planning level budgetary cost estimate for the proposed electrical 
interconnection from the utility point to the secondary circuit breaker disconnect at the generators.  
The cost of the generators is not included. 
 
A proposed one-line diagram of the existing facility service entrance and the new generator 
interconnection is attached for your review and use.  The drawing and report are based on using 2 x 
750kW generators.  Photographs were taken during our 3/2014 site visit. 
 
 
If you have any questions, or require additional information, please feel free to give me a call.   
 
Sincerely, 
 

 
 
David J. Colombo, P.E. 
Principal  
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1.0  Engineering and Interconnection Requirements 
West Fitchburg WWTP – Combined Heat & Power (CHP) Project 

 
1.0.0  Existing Electrical Infrastructure 

The existing facility is supplied power from a 13.8kV Unitil distribution line located on 
Princeton Road (Route 31) in Fitchburg.  A three-phase riser is located on the roadway just 
west of the facility, and a single underground ductbank with one set of 15kV, #1/0Awg 
primary cable goes from the pole to the outdoor 13.8kV switchgear on site.  The existing 
outdoor switchgear (see Photo#1 below) has two (2) bays, one for a 15kV class circuit 
breaker, and one for the Unitil primary metering.  Next to the 15kV switchgear bays is a 
2500/2800/3500kVA transformer, with a 13.8kV primary voltage, and a 4160/2400V 
secondary voltage.  From the outdoor switchgear transformer 4160V side, an underground 
feeder goes into the adjacent Filter Building to the 4kV switchgear. 
 

 
Photograph #1 – Outdoor 13.8kV Switchgear and Transformer 

 
The indoor 4kV switchgear has a single main breaker and 3 branch breakers.  The branch 4kV 
breakers feed the 4160V MCC, a 300kVA transformer that supplied 480V MCC#4 and a 
2000kVA transformer that supplies the 2000A, 480V switchgear in the main electrical room.  
The indoor 4kV switchgear is shown in Photograph #2 below. 
 
The 2000A, 480V switchboard has breaker positions for MCC#1 (800A), MCC#2 (400A), 
MCC#3 (600A) and a 200A feeder to the Emergency Panel, also located in the same room.  
The 2000A switchboard is shown in Photograph #3 below.  The Emergency Panel connects to 
an existing 400kW/500kVA standby generator. 
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Photograph #2 – Indoor 4.16kV Switchgear and Transformer 

 

 
Photograph #3 – Indoor 480V, 2000A Switchboard 

 
The attached one-line diagram E-1 illustrates the existing on-site main electrical system.  
From the MCC’s and other panels, the various loads on site are supplied power.  Note that are 
no spare breakers in the existing 4kW switchgear. 
 
Existing electricity usage on site from 2005 to the present has been reviewed.  The facility has 
consumed a high of 1,920,000 kWh annually during 2008.  This has declined in recent years to 
just over 600,000 kWh annually.  Average demand on site over the last full year’s data was 
approx. 74kW, and a peak recorded demand of 98kW. 
 
 

1.0.1  Electrical Interconnection Plan 
A number of alternative for electrical interconnection plans of the proposed generator were 
analyzed. The preferred alternative is detailed on the attached one-line diagram and proposed 
electrical site plan. 
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Given the age (44 years) of the existing 4kV switchgear inside of the building electrical room, 
and the lack of spare breakers, a direct interconnection to the 13.8kV equipment on site is 
recommended.  There also be less voltage drop and greater efficiency to interconnect directly 
to 13.8kV as opposed to 4160V. 
 
The proposed electrical interconnection is to interconnect the new 1.5MW generator directly 
to Unitil 13.8kV distribution system.  The new generator will be two (2) Jenbacher Type 3, 
750kW units each.  Output is assumed to be at 480V three-phase which is typical for units of 
this size.  A new switchboard would be needed with circuit breakers to protect the generators 
and their cabling.  Upstream of the switchboard would be a 2000kVA transformer to step-up 
the proposed 480V generator output to 13.8kV for interconnection.   
 
Upstream of the transformer would be the 13.8kV interconnection equipment.  It is 
recommended to tap the existing 13.8kV switchgear on site at the primary metering to allow 
the new generation to offset the existing WWTP electrical load and have excess generation 
flow to the grid.  Directly after the tap of the existing 13.8kV switchgear, a disconnect switch 
would be required to be the DG disconnect, accessible and lockable by the local utility per 
current utility tariffs and DPU requirements.  A padmount air-insulated 15kV class, 200A 
three-phase disconnect with visible and lockable blades would be recommended.   
 
Between the DG disconnect and the 2000kVA generator step up (GSU) transformer would be 
the DG interconnection interrupting device.  This could be a padmount vacuum fault 
interrupting (VFI) switchgear unit with a utility-grade protective relay.  This relay is required 
by the utility to provide over and under voltage and frequency protection of the DG. 
 
15kV underground cable would interconnect the existing switchgear, new padmount 
disconnect and new padmount VFI switchgear and then to the primary side of the new 
generator transformer.  All of these pieces of equipment could be located on the lawn area 
between the existing switchgear and the generators, which are understood to be containerized 
and located no more than 500 feet from this point. 
 
The point of interconnection will be to the existing Unitil 13.8kV distribution circuit adjacent 
at the existing switchgear and primary metering.   
 
For a generator rated up to 1500 kW, the current carrying requirement of the 13.8kV power 
cable circuit will be less than 100 amperes and can be accommodated by three, single 
conductor, 15 kV class, #1/0 AWG, aluminum cables.  New 15kV class cables should be 
installed in an underground conduit for physical protection rather than being directly buried. 
 
It is anticipated that Unitil will require a 15kV switching device that can be used to 
automatically disconnect the generator from the Unitil 13.8kV distribution system.  Therefore, 
the interconnection plan includes a 15kV padmounted vacuum fault interrupter (VFI) switch. 
 
The 15kV switch will be capable of normal switching and fault current interruption.  The 
15kV switch will automatically open upon a signal from protective relays that are required by 
Unitil for interconnection to their distribution circuit.  The protective relays sense abnormal 
13.8kV circuit conditions that require the generators to be disconnected from the rest of the 
13.8kV circuit.  The protective relays that Unitil will likely require include over/under voltage 
relays, over/under frequency relays, and overcurrent relays, along with zero-sequence ground 
overvoltage.   
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The interconnection plan also includes a 13.8kV, three pole, gang-operated, disconnect switch 
for the manual disconnection and visible isolation of the generator from the Unitil 13.8kV 
distribution system.  Unitil operations personnel will need access to manually open and 
padlock this disconnect switch in the open position to guarantee that the generator will not 
energize their 13.8kV distribution circuit while they are working on it or when they otherwise 
deem it necessary.  This manual disconnect would site next to the padmount vacuum switch. 
 

1.0.2  Electrical Interconnection Details 
 

1.0.2.1 - Unitil Interconnection Requirements 
Unitil has specific standards and requirements for the interconnection of distributed generation 
such as the proposed generator project.  The interconnection requirements address electrical 
system protection, revenue metering, operation, and the configuration of the primary 
interconnection equipment.  Unitil will review the proposed design of the electrical 
interconnection facilities and will perform analyses to determine the impact of the proposed 
generation on their electrical distribution system. 
 
Based on the results of Unitil’s analysis, certain modifications may be needed within the 
Unitil distribution system and/or to the interconnection facilities. 

 
1.0.2.2  - Electrical Interconnection Equipment Details 
The technical details of the major power system components associated with the electrical 
interconnection of the generator are described in this section. 

 
1.0.2.2.1 Generator Step-up and Step-down Transformers 
The generator step-up and step-down transformers are described by specifying the 
transformer voltage rating (primary and secondary), power rating (kilovolt-amperes or 
kVA), winding configuration (primary and secondary), and construction type.  For all 
transformers they shall be three phase, padmount type, oil-filled, self-cooled 
transformers.  
 
The primary voltage rating of the transformers shall be consistent with the nominal 
voltage of the Unitil distribution supply circuit to the School which is 13.8kV phase-
to-phase for all three phase transformers.  To allow flexibility for local voltage 
deviations that may exist on the Unitil distribution system or within the 13.8kV 
interconnection circuitry, the transformer primary winding shall be equipped with five 
(5) fixed taps to change the primary voltage rating +/- 5% from nominal voltage in 2-
½ % increments.  For the generator step-up transformer, the secondary voltage rating 
shall be consistent with the generator voltage which is typically in the range of 480 
volts.   
 
The three phase power rating of the generator step-up transformer (expressed in kVA) 
shall be consistent with the generator power rating (expressed in kW) and increased 
for the allowable generator power factor. Two (2) 750 kW generator operating at a 
80% lagging power factor requires a padmount transformer with a minimum 
continuous rating of 1875 kVA.  A 2000kVA transformer would be the next largest 
standard size. 

 
1.0.2.2.2 - Interconnection Circuit 15kV Class Cables 
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The generator interconnection require the use of 15kV class interconnection circuit 
cables.  A three phase interconnection circuit of approximately 500 feet is required 
from the generator step-up transformer to the point of interconnection to the Unitil 
13.8kV system at the existing location.   
 
The power cables shall be specified for 15kV class insulation and consist of three, 
single conductor cables with either aluminum or copper conductors.  For a generator 
power ratings of up to 1500 kW, the size of the power cables shall be a minimum of 
#1/0 AWG Aluminum.  This is typically the smallest size primary cable installed by 
utilities. 
 
The power cables from the generator step-up transformer to the 13.8kV 
interconnection point shall be installed in underground conduit.  The conduit shall be 
Schedule 40 PVC that is encased in concrete  At least one (1) additional conduit for 
communications and control of the generator should also be included in the conduit 
system. 

 
1.0.2.2.3  - 15kV Padmount Switch 
The 15kV switch specified for generator interconnection shall be a three phase device 
that is capable of interrupting normal generator current and the maximum available 
fault current as simultaneously contributed by the Unitil distribution system and the 
generator.  A standard interrupting rating for the 15kV switch is 12,000 amperes of 
symmetrical fault current at a nominal operating voltage of 15kV.  The 15kV switch 
shall be rated for a normal continuous current carrying rating of 200 amperes which is 
sufficient for this application. 
 
The 15kV Switch could be installed on a new fiberglass or concrete pad within close 
proximity to the existing Unitil 13.8kV switchgear. 

 
1.0.2.2.4 - Main 13.8kV Disconnect Switch 
The main 13.8kV disconnect switch specified for generator interconnection shall be a 
manually operated, three pole, switch.  The switch shall be rated 200 amperes 
continuous current with a momentary rating of 25,000 amperes.  The main 13.8kV 
disconnect switch provides a visible open point between the generator and the Unitil 
13.8kV supply circuit.  The operating handle of the main 13.8kV disconnect switch 
shall be capable of being padlocked by Unitil’s lock in the open position.  The 
position of the disconnect switch blades shall be capable of being visually observed to 
allow positive determination of the electrical connection between the generator and 
the rest of the 13.8kV system.  The 13.8kV disconnect switch may be part of the 
padmount vacuum switch or a separate free-standing air-insulated switch in its own 
padmounted enclosure.  The main 13.8kV disconnect switch must be accessible to 
Unitil personnel at all times. 

 
1.0.2.2.5  - Protective Relay Scheme 
The required protective relays for the selected generator interconnection option will be 
specified by Unitil based on the results of their system impact study.  Based on a 
review of the Unitil Interconnection Requirements, it is anticipated that the protective 
relay scheme for the interconnection of the generator will include over/under 
frequency relays, over/under voltage relays, and overcurrent relays.  All relays shall 
monitor all three phases and the overcurrent protection should include ground 
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overcurrent relaying.  Upon sensing conditions that exceed allowable operating limits, 
the protective relay scheme shall send a trip signal to the appropriate tripping devices 
to open and disconnect the generator from the rest of the distribution system. 
 
Note that since the facility has an existing standby generator, some control wiring may 
be needed to prevent the new 750kW CHP generators from running during any 
condition where the existing 400kW standby generator is needed to prevent running 
these generators in parallel. 
 

 
1.0.3  Revenue Metering Modifications 

The proposed interconnection would make use of the existing current and potential 
transformers and existing primary revenue meter in the existing switchgear.  The meter itself 
may need to be replaced for a bi-directional meter to measure excess power returned to the 
grid. 
 
 

END OF SECTION 
 

 
 



TABLE 1-1

WEST FITCHBURG WWTF
1.5MW DG GENERATOR PROJECT

PROPOSED ELECTRICAL INTERCONNECTION
MATERIALS AND CONSTRUCTION COST ESTIMATE

Item Description Quantity Units Unit Cost Total Cost

Excavation, Backfill and Compaction for Primary Cable Ductbank (2-4") 750 Feet 45.00$                33,750.00$                               

Additional excavation & backfill for 2-2" communications conduits 750 Feet 25.00$                18,750.00$                               

Installation of Primary and Communications Conduits 1,500 Feet 11.00$                16,500.00$                               

Concrete Encasement of conduits 750 Feet 20.00$                15,000.00$                               

Installation of Primary Cable 750 Feet 35.00$                26,250.00$                               

Concrete Pad for New Padmount Transformer 1 Ea 2,500.00$           2,500.00$                                 

Grounding of Transformer 1 Ea 1,000.00$           1,000.00$                                 

Concrete Pad for New Padmount Switches 2 Ea 2,500.00$           5,000.00$                                 

Grounding of Switch & Meter Pads 2 Ea 1,000.00$           2,000.00$                                 

Installation of Secondary Conduits to Generator Switchboard 8-4" w/2-2" Comm 50 Feet 125.00$              6,250.00$                                 

Installation of Secondary Cable to PV System, 7 sets 3W-600MCM 50 Feet 238.00$              11,900.00$                               

New Distribution Panel for Aux Equipment 1 Lot 10,000.00$         10,000.00$                               

Installation of New Electric Manholes 1 Ea 7,000.00$           7,000.00$                                 

Installation of New Communication Handholes (10"x18"x20") 2 Ea 900.00$              1,800.00$                                 

Padmount Transformers 1 x 2000kVA each installed 1 Ea 25,000.00$         25,000.00$                               

Padmount Primary Disconnect Switch installed 1 Ea 20,000.00$         20,000.00$                               

Padmount Primary VFI Switchgear with Relay Cabinet installed 1 Ea 75,000.00$         75,000.00$                               

Tap of Existing 13.8kV Switchgear 1 Lot 2,500.00$           2,500.00$                                 

Site Restoration - Loaming and Seeding (Manhole / Trench area only) 1 Lot 3,000.00$           3,000.00$                                 

SUBTOTAL - CONSTRUCTION 283,200.00$                             
Contractor Markup, Insurance, Permits, etc. 10% of subtotal 28,320.00$                               
Additional Electrical Equipment and Testing 10% of subtotal 28,320.00$                               
(Control Wiring, Cable Terminations, Start-up, etc.)
Estimated Utility Backcharges (studies, new meter, design, etc.) 75,000.00$                               
Contingency 10% of subtotal 28,320.00$                               
TOTAL ESTIMATE 443,160.00$                             

NOTES:
1. Cost Estimate is budgetary for planning purposes and does not include permitting, legal, financing
and other costs beyond those listed above.
2. Cost Estimate does not include communication cable, as type is unknown at this time.
3. Cost Estimate is for interconnection and does not include Generators or Gen Controls
4. An interconnection to 2 - 750kW generators is assumed.

Power Engineers, LLC
1/29/2015 Page 1



SEAL

No.

0

REVISIONS

DATE

2/3/2015

DESCRIPTION

ISSUED FOR REVIEW AND APPROVAL

DESCRIPTIONNo. DATE

REVISIONS

REVIEWED BY:

CHIEF DESIGNER:

PROJ. MANAGER:

DATE

WEST FITCHBURG WWTF

DISTRIBUTED GENERATION PROJECT

PROPOSED 1.5MW ONE-LINE DIAGRAM

FITCHBURG MASSACHUSETTS

010DF

FEB 2015

E-1

NONE

SCALE:

DATUM:

VERT.:

HORZ.:

VERT.:

HORZ.:

PROJ. No.: 

DATE: 

SIZE: D REV: 0

POWER ENGINEERS, LLC
37 Fox Den Road
Kingston, MA  02364-2150
(508) 612-0382
www.PowerEngineersLLC.com

Electrical Engineering, Power, Lighting,
Technical Studies and Utility Consulting



Organics-to-Energy Feasibility Study Report 
City of Fitchburg, MA February 2016 
 

 
www.westonandsampson.com  

APPENDIX F 
 

Economic Analysis  



City of Fitchburg
Organics to Energy Feasibility

Feedstock Quantity Units % of Load
Estimated Unit 
Fee Disposal 

($’s/unit)

Estimated Revenue 
($’s/year)

SSO 0.3 Dry 
Tons/Day 0.70% $60.00 $7,000 

BIO1 13.2 Dry 
Tons/Day 32.90% $279.00 $1,344,000 

BIO2 12.8 Dry 
Tons/Day 31.90% $279.00 $1,303,000 

PMS 13.8 Dry 
Tons/Day 34.50% $56.70 $286,000 

Total/Average 40.1 Dry 
Tons/Day 100.00% N/A $2,940,000 

Table 8-1 Feed Stock Delivery Rates



City of Fitchburg
Organics to Energy Feasibility

Description Qty Unit Unit Cost Extended Cost

Wetwell Demolition 1 LS $100,000 $100,000
Wetwell Divider Wall Construction 1 LS $50,000 $50,000
Mechanical Demolition Filter Building 1 LS $750,000 $750,000
Mechanical Demolition - Scrap Value 1 LS ($250,000) ($250,000)
Existing Backwash Lagoon Demolition 1 LS $500,000 $500,000
Existing Belt Filter Press Rehabilitation 2 EA $75,000 $150,000
Existing Sludge Conveyor Rehabilitation 1 LS $20,000 $20,000
Dewatering Pump Station Retrofit 1 LS $150,000 $150,000
Abandon Existing Municipal Clarifiers 1 LS $150,000 $150,000
Cover for Exist. Post Aeration Tank (Reuse as Blend Tank) 1 LS $500,000 $500,000
Anaerobic Digester Tanks (1.2 MG each) 2 EA $1,000,000 $2,000,000
Buffer Tank (0.66 MG) 1 EA $500,000 $500,000
Pasteurization Skid 1 EA $1,200,000 $1,200,000
BioGas Storage System 1 EA $1,000,000 $1,000,000
Digester Sequential Gas Mixer System 2 EA $100,000 $200,000
Receiving Tank Mix System 1 LS $50,000 $50,000
Blend Tank Mix System 1 LS $50,000 $50,000
Buffer Tank Jet Mix System 1 LS $50,000 $50,000
Post Digestion Storage Mix System 1 LS $50,000 $50,000
Liquid Biosolids Mix System 1 LS $50,000 $50,000
Transfer Pump Syst. (Buffer to Pasteurization.) 2 EA $10,000 $20,000
Dewatering Feed Pump System 3 EA $10,000 $30,000
Biogas Booster Pump 2 EA $50,000 $100,000
Transfer Pump (SSO to Buffer) 2 EA $10,000 $20,000
BioSolids Conveyance (Blend to Buffer) 1 LS $250,000 $250,000
Transfer Pump (Liq. BioSolids to Blend) 2 EA $10,000 $20,000
Liquid BioSolids Receiving Station 1 LS $25,000 $25,000
Dewatered BioSolids Receiving Station 1 LS $100,000 $100,000
CHP Generator/Control Equipment 1 LS $4,500,000 $4,500,000
Gas Handling Equipment Allowance 1 LS $500,000 $500,000
Electrical Interconnection 1 LS $386,000 $386,000
Odor Control Allowance 1 LS $600,000 $600,000
Tipping Bldg./Found. Allowance 1 LS $750,000 $750,000
Digestate Pump/Compress. Bldg/Found Allowance 1 LS $500,000 $500,000
Yard Piping Allowance 1 LS $1,000,000 $1,000,000
Mechanical Piping/Valve Allowance 1 LS $1,000,000 $1,000,000
On-site Electrical Work Allowance 1 LS $500,000 $500,000
Digester Electrical Room Allowance 1 LS $150,000 $150,000
Site Work Allowance 1 LS $500,000 $500,000

Subtotal $18,221,000

Design/Permitting (10%) 0.10 $1,822,000
Contingencies (25%) 0.25 $4,555,000
Subtotal $24,598,000

Estimated MassCEC Grant (OTE D-C) $400,000
Estimated MassDEP Grant (SMRP) $500,000

Net Project Cost $23,698,000
5/2/2015

Table 8-2 Opinion of Probable Cost



City of Fitchburg
Organics to Energy Feasibility

Description Scenario 1 Scenario 2 Scenario 3
CHP Nameplate (kW) 1,500                 1,500               1,500              
Capacity Factor 85.0% 85.0% 85.0%
Gross Annual Energy Production (kWh) 11,169,000        11,169,000      11,169,000     
Annual Facility Use (kWh/yr) 554,000             554,000           554,000          
Useful Heat Energy, (kWh/yr) 864,557             864,557           864,557          
Retail Offset (kWh) 0.1387 0.1387 0.1387            
Net Metering Credit (kWh) 0.1387 0.1387 0.0500            
REC value Y1-Y10 (kWh) 0.0500 0.0500 0.0500            
REC value Y10-Y20 (kWh) 0.0250 0.0250 0.0250            
AEC value Y1-Y10 (kWh) 0.0210 0.0210 0.0210            
AEC value Y10-Y20 (kWh) 0.0210 0.0210 0.0210            
SSO Tipping Fees, Dry Tons 60.00$               45.00$             45.0000          
BIO1 - Private Operator Source, Dry Tons 279.00$             209.25$           209.2500        
BIO2 - Municipal Sources, Dry Tons 279.00$             209.25$           209.2500        
PMS - Newark Paper Mill Biosolids, Dry Tons 56.70$               42.53$             42.5250          
O&M ($/kW) 400.00$             400.00$           400.00$          
Project Term, Years 20 20 20
Financing Equity Equity Equity
Energy Inflation 0.0% 0.0% 0.0%
General Inflation 0.0% 0.0% 0.0%
Discount Rate 7.0% 7.0% 7.0%
Scenario 1 - Equity, City-Owned, Designed and Operated
Scenario 2 - Equity, City-Owned, -25% in Disposal Fees
Scenario 3 - Equity, City-Owned, -25% in Disposal, No Net Metering

Table 8-3 Summary of Economic Model Variable Inputs



Organics to Energy Feasibility Study
Fitchburg, MA 

5/2/2015 Existing Electric Use and Cost Basis
Electric Demand: 127 kW 

CHP Model Jenbacher Type 3 Scenario 1 - Equity, City-Owned, Designed and Operated Annual Use: 554,000     kWh
CHP Nameplate (kW) 1,500                (2 at 750 kW) Project Term 20 years Account No. Unitil 30000217-30000208
Capacity Factor 85.0% Financing Equity Estimated Use Service Rate Total/Yr
Gross Annual Energy Production (kWh) 11,169,000 Energy Inflation 0.0% Customer Charge 1.00000 8.23000 98.76$        
Annual Facility Use (kWh/yr) 554,000 General Inflation 0.0% Distribution Demand, kW 127.00000 7.65000 11,658.60$ 
Useful Heat Energy, (kWh/yr) 864,557            8% Discount Rate 7.0% Based on Risk Energy Charge, kWh 554,000         0.03440 19,057.60$ 
Retail Offset (kWh) 0.1387$            Finance Rate 0.0% SRF, If applicable Energy Conservation, kWh 554,000         0.00250 1,385.00$   
Net Metering Credit (kWh) 0.1387$            Project Cost $23,698,000 Renewable Energy, kWh 554,000         0.00050 277.00$      
REC value Y1-Y10 (kWh) 0.0500$            Simple Payback 5.89 years Transformer Credit, kW 127.00000 (0.14)$             (17.78)$       
REC value Y10-Y20 (kWh) 0.0250$            IRR 15.22% Transition Demand, kW 127.00000 2.74000 347.98$      
AEC value Y1-Y10 (kWh) 0.0210$            Residual Value 10% Transition Energy, kWh 554,000         0.00940 5,207.60$   
AEC value Y10-Y20 (kWh) 0.0210$            Cost of Energy $0.1745 kWh Transmission Demand, kW 127.00000 0.29000 36.83$        
SSO Tipping Fees, Dry Tons 60.00$              Average Rate 0.30                SSO Dry Tons/Day 0.7% Transmission Energy, kWh 554,000         0.01572 8,708.88$   
BIO1 - Private Operator Source, Dry Tons 279.00$            Average Rate 13.20              BIO1 Dry Tons/Day 32.9% Energy Supply, kWh 554,000         0.07920 43,876.80$ 
BIO2 - Municipal Sources, Dry Tons 279.00$            Average Rate 12.80              BIO2 Dry Tons/Day 31.9% Total 554,000         0.16361 90,637.27$ 
PMS - Newark Paper Mill Biosolids, Dry Tons 56.70$              Average Rate 13.80              PMS Dry Tons/Day 34.4%
O&M ($/kW) 400.00$            Total, Dry tons per day 40.10              Dry Tons/Day 100.0%
Net Present Value $15,795,128 Class A Biosolid (Digestate) 9,300              Class A BIO Dry Tons/Year Estimated Value of Retail Offset 0.16361 Unitil 
Net Cash Flow $52,054,561 Useful Heat, Therm $1.3990 Estimated Value of Net Metering Credit 0.13872 Unitil 
Present Value Benefit $47,657,613 Property Tax Rate $21.60 per $1,000 Estimated Wholesale Electric Supply 0.05000
Present Value Cost $31,862,485 1 therm = 29.307 kWh
Benefit Cost Ratio 1.50 29,500          Therms of gas used for normal plant heat

864,557        kWh equivalent
Project concept assumes construction will require one year before system is operational and processing at 100% capacity.
Useful heat energy is existing heating base load in Therms converted to kWh equivalent.

Project Cash Flow Analysis Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Benefits Total (Construct) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate)
Value of Retail Offset, kWh $1,460,167 $0 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851
Value of Exported Electricity, kWh $25,179,969 $0 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262
Value of RECs, kWh $8,097,525 $0 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225
Value of AECs, kWh $344,958 $0 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156
Value of Useful Heat Energy $784,142 $0 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271
SSO Dry Tons/Day $124,830 $0 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570 $6,570
BIO1 Dry Tons/Day $25,540,218 $0 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222 $1,344,222
BIO2 Dry Tons/Day $24,766,272 $0 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488 $1,303,488
PMS Dry Tons/Day $5,426,360 $0 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598 $285,598
Residual Value $2,369,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,369,800

Benefit Subtotal $94,094,241 $0 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,959,867 $4,680,642 $4,680,642 $4,680,642 $4,680,642 $4,680,642 $4,680,642 $4,680,642 $4,680,642 $7,050,442

Costs Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Capital $23,698,000 $23,698,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Interest $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
O&M $11,400,000 $0 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000
Insurance $3,791,680 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584
Incidental Trucking and Hauling $600,000 $0 $50,000 $50,000 $50,000 $50,000 $50,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
Legal and Administrative Costs $1,400,000 $500,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
Testing, Licensing, QA-QC $1,100,000 $150,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
Other $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Cost Subtotal $41,989,680 $24,537,584 $939,584 $939,584 $939,584 $939,584 $939,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584

Net $52,104,561 ($24,537,584) $4,020,283 $4,020,283 $4,020,283 $4,020,283 $4,020,283 $4,045,283 $4,045,283 $4,045,283 $4,045,283 $4,045,283 $3,766,058 $3,766,058 $3,766,058 $3,766,058 $3,766,058 $3,766,058 $3,766,058 $3,766,058 $6,135,858

Cumulative ($24,537,584) ($20,517,301) ($16,497,019) ($12,476,736) ($8,456,454) ($4,436,171) ($390,888) $3,654,394 $7,699,677 $11,744,960 $15,790,242 $19,556,300 $23,322,357 $27,088,415 $30,854,473 $34,620,530 $38,386,588 $42,152,646 $45,918,703 $52,054,561



Organics to Energy Feasibility Study
Fitchburg, MA 

5/2/2015 Existing Electric Use and Cost Basis
Electric Demand: 127 kW 

CHP Model Jenbacher Type 3 Scenario 2 - Equity, City-Owned, -25% in Disposal Fees Annual Use: 554,000     kWh
CHP Nameplate (kW) 1,500                (2 at 750 kW) Project Term 20 years Account No. Unitil 30000217-30000208
Capacity Factor 85.0% Financing Equity Estimated Use Service Rate Total/Yr
Gross Annual Energy Production (kWh) 11,169,000 Energy Inflation 0.0% Customer Charge 1.00000 8.23000 98.76$        
Annual Facility Use (kWh/yr) 554,000 General Inflation 0.0% Distribution Demand, kW 127.00000 7.65000 11,658.60$ 
Useful Heat Energy, (kWh/yr) 864,557            8% Discount Rate 7.0% Based on Risk Energy Charge, kWh 554,000         0.03440 19,057.60$ 
Retail Offset (kWh) 0.1387$            Finance Rate 0.0% SRF, If applicable Energy Conservation, kWh 554,000         0.00250 1,385.00$   
Net Metering Credit (kWh) 0.1387$            Project Cost $23,698,000 Renewable Energy, kWh 554,000         0.00050 277.00$      
REC value Y1-Y10 (kWh) 0.0500$            Simple Payback 7.21 years Transformer Credit, kW 127.00000 (0.14)$             (17.78)$       
REC value Y10-Y20 (kWh) 0.0250$            IRR 11.70% Transition Demand, kW 127.00000 2.74000 347.98$      
AEC value Y1-Y10 (kWh) 0.0210$            Residual Value 10% Transition Energy, kWh 554,000         0.00940 5,207.60$   
AEC value Y10-Y20 (kWh) 0.0210$            Cost of Energy $0.1745 kWh Transmission Demand, kW 127.00000 0.29000 36.83$        
SSO Tipping Fees, Dry Tons 45.00$              Average Rate 0.30                SSO Dry Tons/Day 0.7% Transmission Energy, kWh 554,000         0.01572 8,708.88$   
BIO1 - Private Operator Source, Dry Tons 209.25$            Average Rate 13.20              BIO1 Dry Tons/Day 32.9% Energy Supply, kWh 554,000         0.07920 43,876.80$ 
BIO2 - Municipal Sources, Dry Tons 209.25$            Average Rate 12.80              BIO2 Dry Tons/Day 31.9% Total 554,000         0.16361 90,637.27$ 
PMS - Newark Paper Mill Biosolids, Dry Tons 42.53$              Average Rate 13.80              PMS Dry Tons/Day 34.4%
O&M ($/kW) 400.00$            Total, Dry tons per day 40.10              Dry Tons/Day 100.0%
Net Present Value $8,695,739 Class A Biosolid (Digestate) 9,300              Class A BIO Dry Tons/Year Estimated Value of Retail Offset 0.16361 Unitil 
Net Cash Flow $38,090,141 Useful Heat, Therm $1.3990 Estimated Value of Net Metering Credit 0.13872 Unitil 
Present Value Benefit $40,558,224 Property Tax Rate $21.60 per $1,000 Estimated Wholesale Electric Supply 0.05000
Present Value Cost $31,862,485 1 therm = 29.307 kWh
Benefit Cost Ratio 1.27 29,500          Therms of gas used for normal plant heat

864,557        kWh equivalent
Project concept assumes construction will require one year before system is operational and processing at 100% capacity.
Useful heat energy is existing heating base load in Therms converted to kWh equivalent.

Project Cash Flow Analysis Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Benefits Total (Construct) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate)
Value of Retail Offset, kWh $1,460,167 $0 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851
Value of Exported Electricity, kWh $25,179,969 $0 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262 $1,325,262
Value of RECs, kWh $8,097,525 $0 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225
Value of AECs, kWh $344,958 $0 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156
Value of Useful Heat Energy $784,142 $0 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271
SSO Dry Tons/Day $93,623 $0 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928
BIO1 Dry Tons/Day $19,155,164 $0 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167
BIO2 Dry Tons/Day $18,574,704 $0 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616
PMS Dry Tons/Day $4,069,770 $0 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198
Residual Value $2,369,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,369,800

Benefit Subtotal $80,129,821 $0 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $4,224,897 $3,945,672 $3,945,672 $3,945,672 $3,945,672 $3,945,672 $3,945,672 $3,945,672 $3,945,672 $6,315,472

Costs Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Capital $23,698,000 $23,698,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Interest $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
O&M $11,400,000 $0 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000
Insurance $3,791,680 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584
Incidental Trucking and Hauling $600,000 $0 $50,000 $50,000 $50,000 $50,000 $50,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
Legal and Administrative Costs $1,400,000 $500,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
Testing, Licensing, QA-QC $1,100,000 $150,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
Other $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Cost Subtotal $41,989,680 $24,537,584 $939,584 $939,584 $939,584 $939,584 $939,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584

Net $38,140,141 ($24,537,584) $3,285,313 $3,285,313 $3,285,313 $3,285,313 $3,285,313 $3,310,313 $3,310,313 $3,310,313 $3,310,313 $3,310,313 $3,031,088 $3,031,088 $3,031,088 $3,031,088 $3,031,088 $3,031,088 $3,031,088 $3,031,088 $5,400,888

Cumulative ($24,537,584) ($21,252,271) ($17,966,958) ($14,681,645) ($11,396,331) ($8,111,018) ($4,800,705) ($1,490,392) $1,819,921 $5,130,234 $8,440,547 $11,471,636 $14,502,724 $17,533,812 $20,564,900 $23,595,988 $26,627,076 $29,658,164 $32,689,253 $38,090,141



Organics to Energy Feasibility Study
Fitchburg, MA 

5/2/2015 Existing Electric Use and Cost Basis
Electric Demand: 127 kW 

CHP Model Jenbacher Type 3 Scenario 3 - Equity, City-Owned, -25% in Disposal, No Net Metering Annual Use: 554,000     kWh
CHP Nameplate (kW) 1,500                (2 at 750 kW) Project Term 20 years Account No. Unitil 30000217-30000208
Capacity Factor 85.0% Financing Equity Estimated Use Service Rate Total/Yr
Gross Annual Energy Production (kWh) 11,169,000 Energy Inflation 0.0% Customer Charge 1.00000 8.23000 98.76$        
Annual Facility Use (kWh/yr) 554,000 General Inflation 0.0% Distribution Demand, kW 127.00000 7.65000 11,658.60$ 
Useful Heat Energy, (kWh/yr) 864,557            8% Discount Rate 7.0% Based on Risk Energy Charge, kWh 554,000         0.03440 19,057.60$ 
Retail Offset (kWh) 0.1387$            Finance Rate 0.0% SRF, If applicable Energy Conservation, kWh 554,000         0.00250 1,385.00$   
Net Metering Credit (kWh) 0.0500$            Project Cost $23,698,000 Renewable Energy, kWh 554,000         0.00050 277.00$      
REC value Y1-Y10 (kWh) 0.0500$            Simple Payback 9.72 years Transformer Credit, kW 127.00000 (0.14)$             (17.78)$       
REC value Y10-Y20 (kWh) 0.0250$            IRR 7.29% Transition Demand, kW 127.00000 2.74000 347.98$      
AEC value Y1-Y10 (kWh) 0.0210$            Residual Value 10% Transition Energy, kWh 554,000         0.00940 5,207.60$   
AEC value Y10-Y20 (kWh) 0.0210$            Cost of Energy $0.1745 kWh Transmission Demand, kW 127.00000 0.29000 36.83$        
SSO Tipping Fees, Dry Tons 45.00$              Average Rate 0.30                SSO Dry Tons/Day 0.7% Transmission Energy, kWh 554,000         0.01572 8,708.88$   
BIO1 - Private Operator Source, Dry Tons 209.25$            Average Rate 13.20              BIO1 Dry Tons/Day 32.9% Energy Supply, kWh 554,000         0.07920 43,876.80$ 
BIO2 - Municipal Sources, Dry Tons 209.25$            Average Rate 12.80              BIO2 Dry Tons/Day 31.9% Total 554,000         0.16361 90,637.27$ 
PMS - Newark Paper Mill Biosolids, Dry Tons 42.53$              Average Rate 13.80              PMS Dry Tons/Day 34.4%
O&M ($/kW) 400.00$            Total, Dry tons per day 40.10              Dry Tons/Day 100.0%
Net Present Value $508,532 Class A Biosolid (Digestate) 9,300              Class A BIO Dry Tons/Year Estimated Value of Retail Offset 0.16361 Unitil 
Net Cash Flow $21,985,997 Useful Heat, Therm $1.3990 Estimated Value of Net Metering Credit 0.13872 Unitil 
Present Value Benefit $32,371,017 Property Tax Rate $21.60 per $1,000 Estimated Wholesale Electric Supply 0.05000
Present Value Cost $31,862,485 1 therm = 29.307 kWh
Benefit Cost Ratio 1.02 29,500          Therms of gas used for normal plant heat

864,557        kWh equivalent
Project concept assumes construction will require one year before system is operational and processing at 100% capacity.
Useful heat energy is existing heating base load in Therms converted to kWh equivalent.

Project Cash Flow Analysis Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Benefits Total (Construct) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate) (Operate)
Value of Retail Offset, kWh $1,460,167 $0 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851 $76,851
Value of Exported Electricity, kWh $9,075,825 $0 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675 $477,675
Value of RECs, kWh $8,097,525 $0 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $558,450 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225 $279,225
Value of AECs, kWh $344,958 $0 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156 $18,156
Value of Useful Heat Energy $784,142 $0 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271 $41,271
SSO Dry Tons/Day $93,623 $0 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928 $4,928
BIO1 Dry Tons/Day $19,155,164 $0 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167 $1,008,167
BIO2 Dry Tons/Day $18,574,704 $0 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616 $977,616
PMS Dry Tons/Day $4,069,770 $0 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198 $214,198
Residual Value $2,369,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,369,800

Benefit Subtotal $64,025,677 $0 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,377,311 $3,098,086 $3,098,086 $3,098,086 $3,098,086 $3,098,086 $3,098,086 $3,098,086 $3,098,086 $5,467,886

Costs Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Capital $23,698,000 $23,698,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Interest $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
O&M $11,400,000 $0 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 $600,000
Insurance $3,791,680 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584 $189,584
Incidental Trucking and Hauling $600,000 $0 $50,000 $50,000 $50,000 $50,000 $50,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
Legal and Administrative Costs $1,400,000 $500,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
Testing, Licensing, QA-QC $1,100,000 $150,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
Other $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Cost Subtotal $41,989,680 $24,537,584 $939,584 $939,584 $939,584 $939,584 $939,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584 $914,584

Net $22,035,997 ($24,537,584) $2,437,727 $2,437,727 $2,437,727 $2,437,727 $2,437,727 $2,462,727 $2,462,727 $2,462,727 $2,462,727 $2,462,727 $2,183,502 $2,183,502 $2,183,502 $2,183,502 $2,183,502 $2,183,502 $2,183,502 $2,183,502 $4,553,302

Cumulative ($24,537,584) ($22,099,857) ($19,662,131) ($17,224,404) ($14,786,678) ($12,348,951) ($9,886,224) ($7,423,498) ($4,960,771) ($2,498,044) ($35,318) $2,148,184 $4,331,685 $6,515,187 $8,698,689 $10,882,190 $13,065,692 $15,249,194 $17,432,695 $21,985,997



City of Fitchburg
Organics to Energy Feasibility

Scenario 1 Scenario 2 Scenario 3
23,700,000$     23,700,000$    23,700,000$  

5.9 7.2 9.7
15.2% 11.7% 7.3%
15,800,000$     8,700,000$      500,000$       
52,100,000$     38,100,000$    22,000,000$  
1.50 1.27 1.02

Scenario 1 - Equity, City-Owned, Designed and operated at current market rates
Scenario 2 - Equity, City-Owned, -25% decrease in disposal fees
Scenario 3 - Equity, City-Owned, -25% decrease in disposal, no net metering

Net Present Value
20-Year Net Cash Flow
Benefit Cost Ratio

Table 8-4 Summary of Economic Model Results

Description
Preliminary Opinion of Probable Cost 
Simple Payback, years
Internal Rate of Return
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Public Participation Summary  



City of Fitchburg 
Organics to Energy Feasibility Study 
Community Engagement Summary  
 
In an effort to reach out to the local community, the City of Fitchburg informed the 
residents and general public of the purpose and intent of the Organic to Energy 
feasibility study through a series of public meetings. The early meetings dates were 
used primarily to simply announce some basic facts; including the fact that the city had 
applied and was awarded a grant to undertake the OTE feasibility study and introduce 
the basic concept of the Anaerobic Digestion process; discuss some of the regulatory 
and economic drivers; review of the State’s general plan to reduce organics loads going 
to landfill through the organics waste ban; introduce the financial incentives for 
renewable energy projects as they relate to potential benefits for City. The meetings 
where the OTE concept was introduced and discussed in a public forum included: 
 

Meeting  Venue Date 

City Planning Board Meeting Fitchburg Municipal Offices 
Putnam Place, 166 Boulder 
Drive,  

August 20, 2012 
6:00 pm 

City Council Meeting Memorial Middle School 
Library, 615 Rollstone Street 

September 3, 2013 
7:30 pm 

City Energy Commission 
Meeting 

Fitchburg Municipal Offices 
Putnam Place, 166 Boulder 
Drive, F 

September 12, 2013 
6:00 pm 

Organics to Energy  
Community Forum  

Memorial Middle School 
Library, 615 Rollstone Street 

March 5, 2014 
 
Direct abutters and property owners within 1,000 feet of the Site were notified about the 
project concept in writing and invited to attend the Community Forum meeting. The 
written notification, mailed by the Planning Department, included a description of the 
project concept and schedule for planned Community Forum meetings, with the time, 
date and location of the meeting. During the meetings, participants were invited to 
provide feedback and reaction about the idea of project.  
 
The Notice about the Community Forum invited parties to bring questions and concerns 
so that the City can consider the concerns and to judge the level of support or 
opposition as part of the feasibility study. Notice of all Meeting and agendas were also 
posted on the City of Fitchburg’s official web site: 
http://fitchburgma.gov/government/public_meeting/.  
 
Advanced advertising or posting as required under public open meeting laws were 
observed. The Community Forum was also publicized in the local newspaper 
approximately prior to the schedule forum, to help ensure the public had knowledge and 
opportunity to attend.  



 
Weston & Sampson participated in each of the meetings in a technical consulting 
capacity with information materials designed to help inform and educate the community 
of the project concept, discuss pros and cons and establish consensus for local support 
of the proposed development. Discussions include the potential benefits and risks 
associated implementation of the technology, with a focus on costs, benefits, as well as 
the potential for adverse conditions, such as odors, noise and increased vehicular traffic 
at the West Plant if the project were to be developed.  
 
Community Opinion 
 
The feedback from the public and citizen members of the various City boards generally 
had a positive attitude and embraced the idea of developing an OTE at the West Plant 
in the City of Fitchburg. The positive opinions which suggested support of the project 
included “green” aspects of using otherwise wasted organic materials to generate both 
heat and electricity. The potential for economic incentives (both from potential revenue 
from sale of beneficial byproducts, net metering credits and sale of RECs or AECs) or 
from savings from the alternative to costly disposal of biosolids were appealing to the 
people at the meetings.  
 
For the amount of support, there was also an equal amount of concern about the 
potential negative attributes of the project. The concerns that were stated most often 
were increased vehicular traffic and potential for odors emanating from project. If these 
concerns were properly identified, studied and mitigated, it is our opinion that residents 
and businesses in Fitchburg would support an OTE project at the West Plant. The 
project proponents would have to demonstrate that levels of vehicular traffic would not 
increase dramatically and that odors could be controlled. One concern that was raised 
that the project would not likely be able to address, is desire by some to have the 
railroad bridge near the site enlarged or widened.  
 
Continued Community Engagement 
 
Follow-up meetings are recommended if the project is to advance from feasibility to 
design stage. These community meetings and workshops should be scheduled and 
held to communicate which direction the project development is headed as they are 
decided and to aid in the decision making process, where the community should 
continue to have a voice and opinion and to continue to invite the exchanges of ideas, 
concerns and engineering alternatives that could help minimize any potential negative 
impacts that an OTE project could have on the local community. 
 



City of Fitchburg 
Organics to Energy Feasibility Study 

Community Engagement Plan 
 
In an effort to reach out to the City of Fitchburg community and inform the residents of 
the purpose and intent of the Organic to Energy feasibility study which is underway, the 
project concept will be introduced at a series of public meetings. The early meeting 
dates will be used primarily to simply announce some basic facts; such as the 
MassCEC grant award for the study and the basic concept of the AD process; 
regulatory and economic drivers; general plan to reduce organics loads going to landfill 
(organics ban); financial incentives for renewable energy projects as they relate to 
potential benefits for City.  
 
In addition, direct abutters and property owners within 1,000 feet of the Site will be 
notified about the potential project in writing. The notification will contain a description of 
the project concept and schedule for planned Community Forum meetings, with time, 
date and location, to conveying information and solicit feedback and reaction about the 
project. The following is a list of planned meetings where the project concept will be 
introduced: 
 
City Council Meetings: City Council meetings are scheduled to begin at 7:30 pm in the 
Memorial Middle School Library, 615 Rollstone Street, Fitchburg, MA 
 

July 16, 2013 
 September 3, 2013 
 October 1, 2013 
 
Planning Board Meetings: The Planning Board generally meets on the Third Tuesday 
of the month at 6pm in the Conference Room of the Fitchburg Municipal Offices at 
Putnam Place, 166 Boulder Drive, Fitchburg, MA  
 

August 21, 2013 
September 17, 2013 

 
Energy Commission Meetings: Fitchburg Energy Commission meetings are on the 
second and fourth Thursday of each month at 6:00 p.m. in the Conference Room, 
Fitchburg Municipal Offices, 166 Boulder Drive, Fitchburg, MA  
 

July 11, 2013 
August 8, 2013 
September 26, 2013 

 
Community Forums: A series of community forums, open to the public, will be held for 
abutting land owners, property owners within 1,000 feet of the project Site, and 
interested parties, to review the details of the project concept and solicit feedback from 
the community. The Notice will invite parties to bring questions and concerns so that the 
City can consider the concerns and judge the level of support or opposition as part of 
the feasibility study. A second, follow-up meeting may also be held and with interested 
parties notified through mail, if warranted by turnout, concern or interest.  
 
 Anaerobic Digestion 101 Date 1 – Late August 2013 (TBA) 
 Anaerobic Digestion 201 Date 2 – Late September 2013 (TBA) 



Notice of all Meeting and agendas will be posted on the City of Fitchburg’s official web 
site: http://fitchburgma.gov/government/public_meeting/. Advanced advertising or 
posting as required under public open meeting laws will be observed. Community 
Forums will also be publicized in local newspaper approximately seven to 10 days prior 
to the schedule forum, then again two to three days prior to each forum.  
 
Weston & Sampson will participate in a technical consulting capacity at each of the 
public meetings, and prepare information materials as appropriate, to help inform and 
educate the community of the project concept, discuss pros and cons and establish 
consensus for local support of the proposed development. The discussion will include 
the potential benefits and risks associated implementation of the technology, focusing 
on costs, benefits, as well as the potential for odors, noise, increased traffic and other 
concerns (vector control, concerns for contamination).  



 PUBLIC MEETING 
 

Where:   Memorial Middle School 
      615 Rollstone Road 
 
When:   Wednesday, February 5, 2014 
 
Time      6:30 PM 
 
Topic:   Conversion of West Fitchburg Wastewater Plant  

     Anaerobic Digestion Facility 
   

 
The Fitchburg Wastewater Department will be holding a public meeting 
on Wednesday, February 5, 2014 at 6:30 PM at the Memorial Middle 
School library. 
 
The purpose of the meeting is to provide residents information on a 
proposed Anaerobic Digestion facility to be located at the West 
Fitchburg Wastewater Treatment plant site. City officials and 
consultants will explain the details of the project including what 
Anaerobic Digestion is, how it works, benefits to the City and potential 
issues associated with the project. 
 
The public is encouraged to attend to learn about the project and provide 
feedback and voice concerns they may have. 
 
 







































































































City of Fitchburg
Organics to Energy

Feasibility Study 

Project Update Meeting
March 5, 2014



Solid Waste Master Plan Goals
 Reduce total disposal by 2 million tons/year by 2020 
(30 percent reduction in disposal tonnage)

 Capture additional 350,000 tons per year of food waste 
(about 35% of generation)

 Develop at least 250,000 – 300,000 tons per year of 
processing capacity and supporting collection 
infrastructure for food waste



Food Waste: Need/Opportunity
Why focus on food waste?

 Food waste about 15‐20% of disposal – just over 1 million 
tons/year from Massachusetts

 Has value first as food
 Can be used to create compost, soil amendment, fertilizer, and 

clean, renewable energy

Manage other organics with food waste:
 Leaf and yard waste
 Agricultural wastes



Why Anaerobic Digesters?
 AD is a “win-win”:

− Provides renewable energy
− Organics waste management
− Reduce emissions of greenhouse gases
− Cuts energy use and generates revenue for municipalities



Waste Bans
 Organics waste ban regulation issued 1/31/14
 Effective date of organics waste ban – 10/1/14
 Applies only to large producers of food waste (>1 ton 
per week) not currently diverting food waste from 
disposal



Organics Management in 
Massachusetts
 Existing Capacity for Organics

 Farm‐based and commercial food waste composting capacity 
(100,000 tons per year)
 2010 – 70 farm composting operations registered with Dept. of Agricultural 

Resources
 200 additional leaf and yard waste compost sites – municipal and private

 Six active POTW digesters
 Two operating farm‐based digesters
 Three industrial AD’s in operation



Experience Elsewhere
 Most experience with farm‐based digesters
 Europe has thousands of farm‐based units led by 
Germany with 6,800

 Recently constructed N. American facilities:
 Osh‐Kosh, WI
 Toronto, ON
 Richmond, BC

 Pilot facility now under construction in Dartmouth, 
MA at the Crapo Hill LF



Permitting
 3 Permitting Scenarios for Anaerobic Digesters:

 Solid Waste
 General Permit

 Small (<100 tpd) AD, generally farm sized units 
 Recycling, Composting or Conversion (RCC) Permit

 Exempts larger AD facilities >100 tpd from site assignment
 Limited to source‐separated organics (food manufacturing 
organics, food waste, FOG)

 Wastewater Treatment Facility
 Amend WWTP permit



Air Permitting
 Comprehensive Plan Approval

 Air emissions from generator unit
 BACT (Best Available Control Technology) – Add on controls 
to reduce air emissions
 NOx
 PM2.5
 H2S

 Noise
 Odors
 Modeling ambient air quality impacts



Other Permits
 Department of Agricultural Resources (DAR)

 Fertilizer license if digestate is to be sold as fertilizer



MassCEC Grant
• OTE FS Technical Assistance Grant
• Preliminary Study Fall 2012
• Application Filed in Winter 2012
• Selected Spring 2013
• Grant Awarded Summer 2013



MassCEC Grant
• Grant Amount $63,150 
• 5% ($3,150) City Cost Share
• Phase I – Feasibility Study, Outreach
• Phase II – Procurement Support, Outreach
• Study Completion ~ April 2014



OTE Feasibility Study Phase 1
• Evaluation of Project Site and Vicinity
• Environmental and Permitting Review 
• Community Engagement/Outreach
• Identification of Offsite Substrates
• Bio-Process Modeling
• Anaerobic Digester Conceptual Design
• Energy Production and Financial Analysis 
• Evaluation of Project Risk Factors
• Evaluation of Business Model Options
• Draft Feasibility Study Report



OTE Feasibility Study Phase 2
• Community Outreach 
• Sound and Odor Study 
• Solicit Interest for Chosen Business Model
• Permit Review and Applications
• Procurement Support



Project Site
• Cities West WWTF at 230 Princeton Road
• Built in 1970’s at cost of $13 Million
• Plant Designed to Treat 15.3 MGD
• Backwash Lagoon, Flocculation Tanks, 

Clarifiers, Roadways, Buildings, etc…
• Currently Underutilized Assets



Site Location
230 Princeton Rd
Fitchburg, MA
City Owned
16.5 Acres
Industrial Area
Permitted WWTF



Site Use
• Site Access
• Zoning
• Market
• Electricity Use
• Expansion
• Risk Factors



Source Separated Organics



Source Separated Organics



Source Separated Organics



Anaerobic Digestion
• A collection of natural biologic processes 
• Microorganisms break down 

biodegradable material in the absence of 
oxygen. 

• Process used in many industrial and 
domestic purposes to manage waste 
and/or to produce fuels. 

• Digestate is produced by anaerobic 
digestion.



Anaerobic Digestion



Anaerobic Digestion



Anaerobic Digestion



Digestion Products



Digestion Products



Digestion Products



Digestion Products



Digestion Products



Digestion Modeling
• Gas yields
• Chemical oxygen demand in effluent
• System pH
• Process Inhibitors
• Acetic acid content in digester effluent
• Evaluations of optimal digester sizing
• Recommendations



Potential Benefits
• Re-use of an underused asset (West plant)
• Potential to create jobs for the area
• Diverting FOG from wastewater, combined sewer overflows, which protects water 

quality
• Creates renewable energy
• Extending life of the landfill  (City’s landfill near capacity)
• Creates product for beneficial use from waste
• Process wastewater treatment sludge generated at the City’s East plant (save $)
• The City may also be able to accept surrounding communities’ wastewater sludge, 

thereby obtaining additional tipping fee  
• Potential income from the waste tipping fees, sale of organic fertilizer and other by-

products, Class I Renewable Energy Certificates (RECs), Alternative Energy Credits 
(AECs) and net metering credits for excess power 

• Eligible for tax credits under certain ownership models



Potential Benefits
• Value of Net Metering Credits depends upon size and ownership of facility, but would 

likely be on the order of $0.09 to $0.12 per kWh. The electricity could be used to save 
money on electricity use at the West Plant, which is on the order of $100,000 per 
year. 

• The market value of Class I RECs have recently been in the $0.05 to $0.06 kWh 
($50-$60 MWh)

• The market value of AECs start at $0.021 kWh ($21 MWh) and increase at rate of 
inflation over life of project.

• Value of heat energy will depend on finding suitable users, but values could be in the 
range of $0.60 to $0.80 per Therm. Heat could be used to offset gas use at the West 
plant, which is on the order of $50,000 per year.

• Potential to save WWTF sludge disposal costs
• AD project capital costs are typically on the order of $4,000 to $6,000 per kW
• 1.0 MW AD could produce on the order of 7,500,000 kWh (7,500 MWh) of electricity 

and 2 MW of equivalent heat energy per year, depending on the substrates available 
and system optimization. 



West Fitchburg WWTF
Municipal Influent Structure

Municipal Clarifiers

Flocculation Basin and Rapid Mix Tanks
Post Aeration Basin
Backwash Lagoons
Sludge Lagoons
Ejector Vault

Wastewater Clarifiers

Yard Piping

Filter Building
Wet Wells



Conceptual Model



Plot Plan



West Fitchburg WWTF



Rear of Filtration Building



Rear of Filtration Building



Community Compatibility
• Design Considerations

– Traffic Study 
– Odor Control 
– Noise Minimization
– Gas Handling Safety 
– Operational Issues

• Financial Risk
– Public Project vs. Private Enterprise



Questions?



City of Fitchburg 
Organics to Energy Feasibility Study 

Project Description 
A feasibility study will be conducted to evaluate the potential for developing an organics to 
energy project at the City-owned West Wastewater Treatment Facility (West Plant). A phased 
approach to the study is intended to focus on the technical feasibility and economic viability for 
the development of an anaerobic digester at the West Plant, which will seek to convert sewage 
sludge, source separated organics (SSO) or other feed stocks, into to heat, electricity, and 
compost, fertilizers, soil amendments or other marketable byproducts. 
 
What is Anaerobic Digestion? 
Anaerobic digestion is a series of biological processes in which microorganisms break down 
biodegradable material in the absence of oxygen. One of the end products is biogas, which is 
combusted to generate electricity and heat, A range of anaerobic digestion technologies are 
converting livestock manure, municipal wastewater solids, food waste, high strength industrial 
wastewater and residuals, fats, oils and grease (FOG), and various other organic waste streams 
into biogas, 24 hours a day, 7 days a week. Separated digested solids can be composted, 
utilized for dairy bedding, directly applied to cropland or converted into other products. Nutrients 
in the liquid stream are used in agriculture as fertilizer. 
 
Background Information 
 The City’s West Plant is located at 230 Princeton Road. It is situated on approximately 16.5 

acres of City-Owned land.  
 The facility is currently serving as a pump station to convey wastewater generated at two 

paper mills to the East WWTF, located approximately 7 miles east of the West plant. 
 Because the West Plant is a WWTF, a large portion of the supporting infrastructure is 

already in place including access roads, utilities, and administrative offices; thus making the 
site a desirable location. 

 It is anticipated that the digester equipment will be retrofitted into the existing property. 
 
Project Benefits 

 The project will include the re-use of an underused developed property (West plant). 
 The project would create additional jobs for the area 
 Diverting FOG from wastewater to anaerobic digesters prevents combined sewer 

overflows, which protects water quality and saves money. 
 This project will not only serve to produce a form of renewable energy, but will help this 

region to meet the State’s new organics diversion goals, while extending the life of the 
landfill.   

 Anaerobic digestion destroys a wide range of pathogenic and fecal micro-organisms, 
thereby minimizing cross contamination of pathogens or weeds. 

 The City‘s municipal solid waste landfill, is nearing the end of its design life in terms of 
capacity. Wastewater treatment plant sludge generated at the City’s East plant can be 
treated through the digesters, rather than disposed of at the landfill.  

 The City may also be able to accept surrounding communities’ wastewater sludge, 
thereby obtaining additional tipping fee.   

 Income for the City of Fitchburg could be gained from the processing of waste (tipping 
fees), sale of organic fertilizer and other by-products, Class I Renewable Energy 
Certificates (RECs) and net metering credits for excess power.  

 This project may also be eligible for tax credits under certain ownership models being 
considered.   
 

 
Project Risk Factors 

 Public Perception - Nuisance conditions, such as odor and noise 
 Financial Risk 
 



 
Preliminary Project Economics 
 

 Value of Net Metering Credits depends upon size and ownership of facility, but would 
likely be on the order of $0.09 to $0.12 per kWh. The electricity could be used to save 
money on electricity use at the West Plant, which is on the order of $100,000 per year.  

 The market value of Class I RECs have recently been in the $0.05 to $0.06 kWh ($50-
$60 MWh) 

 Value of heat energy will depend on finding suitable users, but values could be in the 
range of $0.60 to $0.80 per Therm. Heat could be used to offset gas use at the West 
plant, which is on the order of $50,000 per year. 

 Potential to eliminate WWTF sludge disposal costs, which currently costs City $40 per 
ton for, or $100,000 year in tipping fees. 

 AD project capital costs are typically on the order of $4,000 to $6,000 per kW of installed 
capacity. 

 A 1.0 MW AD could produce on the order of 7,500,000 kWh (7,500 MWh) of electricity 
and 2 MW of equivalent heat energy per year, depending on the substrates available 
and system optimization.  

 MassCEC Feasibility Study Grant award is $63,150 with a 5% ($3,150) cost share by 
City.  
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Memorandum 
 

     
To: Michael A. Smith, P.E., Weston 

& Sampson 
Stephen P. Wiehe, P.G., Weston 

& Sampson 
Amy Barad, Massachusetts 

Clean Energy Center 
Stacie N. Smith, Consensus 

Building Institute 

 From: Jeffrey A. Murawski, P.E. 
Fitchburg DPW Wastewater 
Deputy Commissioner 

     
Cc: File   Date: April 2, 2015 

     
Re.: Public Forum Meeting Presentation, Comments & Questions 

Proposed Anaerobic Digestion Facility – Fitchburg, Massachusetts 
  

 
 On Tuesday – March 31, 2015, a “Public Forum Meeting” presentation was made to 

update the public on the project and on the project’s change of scope.  The 
presentation meeting was held on the campus of Fitchburg State University, 
beginning at approximately 6:00 PM, and was weld in Kent Recital Hall in the 
Conlon Fine Arts Building. 

 

 Steve Wiehe and Mike Smith alternated, taking turns through the course of the 
presentation, based on the subject matter. 

 

 Scanning the room, the audience attendance appeared to be between 30 & 40 
attendees. 

 

 Stacie Smith circulated a sign in sheet for audience attendees. 
 

 Presentation Concluded at Approximately 7:05 PM 
 

 Following the conclusion of the presentation, Stacie Smith facilitated a question & 
answer, and concerns & comments period.  The summary presented below includes 
those questions and comments received. 

 

 

1. Question/comment raised regarding “paper fiber” and “clay content” of the discussed 
paper mill residuals feedstock to the AD process.  Commenter suggested that the 
possible high clay content of the paper mill residuals feedstock would likely be 
problematic to the AD process. 



 

Page 2 of 4 

 

 

 
 

2. Question/comment concerned water content of biosolids end product leaving the 
digester, whether polymers would be required in belt press dewatering of biosolids 
end product leaving the digester, how are the solids handled. 

3. Question/comment concerned whether or not marketing/modeling of the end product 
disposition had been performed. 

4. Question/comment concerned if finished, dewatered biosolids end product would be 
stored onsite, and if yes….what provisions would there be for onsite storage of 
biosolids end product. 

5. Question/comment asked about how net metering works. 

6. Question/comment asked about what the estimate for how many employees would be 
required to run the proposed AD facility. 

7. Question/comment asked about the “Return on Investment” (presented in the 31st 
slide, titled “Financial Feasibility”), and how ROI was calculated/determined 
(factors/assumptions used in ROI determination).  In addition, the question was also 
asked whether or not pension costs of municipal employees associated with the 
proposed facility were factored into the ROI analysis. 

8. Question/comment asked about the presented preliminary project cost (presented in 
the 31st slide, titled “Financial Feasibility”), the procurement/ownership model of the 
presented preliminary project cost, alternate procurement/ownership models, and 
factors that can affect project cost/lifecycle cost. 

9. Question/comment asked about the risk/liability exposure (future) for the proposed 
facility, possible future “unfunded mandates” that could affect the operation (& cost of 
operation) of the proposed AD facility. 

10. Question/comment asked about the expected life (design life) of the proposed AD 
facility. 

11. Question/comment asked about relative makeup (%) of anticipated feedstocks to the 
proposed AD facility.  Follow-up Question/comment asked if project team considered 
impacts to proposed AD facility if the paper mill residuals feedstock were to reduce, or 
cease/terminate (business impact of closing of paper mills). 

12. Question/comment expressed concerns regarding traffic (and traffic safety) and odor 
concerns.  In particular the railroad bridge over Princeton Road as a safety hazard to 
the public.  Could operational truck traffic associated with the proposed AD facility be 
controlled to avoid high traffic periods for improved safety?   
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13. Question/comment asked for additional clarification on “what is in it for the tax 
payer” (with respect to the proposed AD facility).  Follow-up question asked if a grid 
upgrade would be necessary, and if this had been looked into. 

14. Question/comment asked about the “viability of getting solids” (understood to refer to 
those feedstocks to the proposed AD facility).   

15. Question/comment asked clarifying question regarding process of the generated 
biogas and storage of the generated biogas onsite.  Follow-up questions (and 
discussion) regarding gas safety issues, gas flaring of surplus gas or gas not utilized for 
electricity and heat generation, siting considerations for gas flares, safety standards 
regarding the proposed AD facility and biogas (from both electric safety and fire safety 
perspectives).  Follow-up clarifying question asked for distinguishing between 
“biogas” and methane gas (CH4). 

16. Question/comment asked about air emissions permitting, and if makeup of feedstocks 
materials presents air emission of H2S, SOx, NOx, etc. issues, and what considerations 
there would be for managing air emissions from the either the flaring of “biogas” or 
the emissions from the co-generation units.  Follow-up question was also asked 
concerning the potential impact of significant siloxane content from the paper mill 
residuals on the AD process, and struvite formation in the process piping. 

17. Question/comment asked, relative to the presented preliminary project cost (presented 
in the 31st slide, titled “Financial Feasibility”), could the proposed AD facility be scaled 
down to a smaller size….then expanded later as supply/demand warranted.  Follow-
up question concerned the presented capacity of the proposed AD facility, and the 
likelihood of having full/adequate supply of feedstock materials to the process at the 
startup of the facility. 

18. Question/comment reiterated both traffic (safety) concerns and odor concerns.  
Follow-up question asked if in the traffic considerations/evaluations took into account 
both delivery traffic (of feedstock materials) and outgoing traffic for removal of AD 
facility, final end product biosolids. 

19. Question/comment asked if “baseline” air quality study could be conducted, to in part 
address odor concerns, and potential odor impacts of the proposed AD facility. 

20. Question/comment again addressed concerns relative to traffic safety and the railroad 
bridge over Princeton Road.  Follow-up discussion on mitigating/alleviating 
alternatives to traffic safety and the railroad bridge.  Follow-up question/request for 
City/project team to seek definitive statement from railroad (entity with 
authority/jurisdiction over the railroad bridge) concerning if and when the bridge can 
be modified, what estimated costs would be for modification of bridge and bridge 
abutments to public safety on Princeton Road. 
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21. Question/comment asked about tipping fees for receiving of feedstock materials to the 
proposed AD facility. 

22. Question/comment asked about likely time frame for the proposed AD facility (“best 
case” scenario / “worst case” scenario) for the proposed project advancing to a built 
facility.  Discussion addressed the feasibility study process that is currently in-
progress, the necessary additional engineering work that would follow the feasibility 
study (including “basis of design” study, and any other specific studies or 
investigations that address concerns raised through the feasibility study process, 
project procurement options, the likely period design and associated permitting, the 
likely period of construction and startup for the facility. 

23. Question/comment asked has fats, oils and grease (“FOG”) been considered as a 
feedstock to the AD facility, or is it accounted as a fraction (as a %) within the 
Separated Source Organics (“SSO”) feedstock materials. 

24. Question/comment asked that when subsequent presentations on the proposed AD 
facility are made, that additional detail be provided for the analysis that went into the 
“Return On Investment”, and the “true costs” of the facility life cycle are addressed, in 
particular the “true labor costs” of the labor burden for personnel associated with the 
facility operation period. 

25. Synopsis of process/timeline of the feasibility study:  “Public Forum Meeting” 
comments & concerns would be addressed and incorporated into the “Draft Feasibility 
Report”; Draft Feasibility Report will be made publicly available, and DFR will be 
presented to City Council, Planning, Energy & Environment, and Water/Wastewater 
in meetings that are open to the public; feedback received on the DFR will be 
addressed and incorporated into the “Final Feasibility Report”. 

26. Project team states that this presentation will be made publicly available, and will (on 
request) be provided to those requesting copy of the presentation. 

 
 

 
 

Subsequent to the March 31, 2015 Public Meeting, at Fitchburg State University, 
one additional comment was submitted to the Massachusetts Clean Energy Center: 

  
27.  How will the ammonia load from the proposed digestion facility impact the 

Fitchburg East Plant, which is undergoing a permit review which will most 
likely further restrict effluent nitrogen limitations? 
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