Metro Nashville Public Works

Commercial Food Waste Anaerobic Digestion Study Summary

Introduction

The 2019 Solid Waste Master Plan revealed that food waste is one of the largest components of
the Davidson County waste stream being landfilled. In an effort to reduce the volume of
landfilled food waste, CDM Smith conducted an evaluation of two food waste treatment options:
a standalone food waste processing facility and processing at the Dry Creek Wastewater
Treatment Plant. Both options use anaerobic digestion for treatment of food waste.

Anaerobic Digestion Overview

Anaerobic digestion (AD) is a stabilization process to reduce the volume of residual wastewater
solids. The process is utilized at numerous wastewater facilities throughout the country,
including the Central and Dry Creek facilities in Nashville. The AD process can be modified to
operate as a co-digestion process, which involves digestion of mixed materials (e.g., wastewater
residuals + food waste). Byproducts of digestion are biogas and biosolids. Biogas can be utilized
as a renewable fuel. Biosolids can be further processed to a fertilizer or soil amendment, as is
currently occurring at the Central plant.

Standalone Food Waste Processing Facility

A standalone food waste processing facility could be located in the greater Nashville area for
treatment of commercial food waste. This option would be a public-private partnership with the
new facility owned and operated by private entities.

= Facility includes a food waste receiving station, AD processing tanks and equipment,
biosolids processing equipment, and a biogas-fueled engine.

= Biosolids produced in AD can be processed off-site at a composting facility.

®  Biogas produced in AD can provide power and heating for the facility.

Co-Digestion of Food Waste at Dry Creek Wastewater Treatment Plant

Alternatively, food waste could be co-digested with wastewater residuals at the Dry Creek plant.

®  Modifications to Dry Creek include installation of a food waste receiving facility, a new
digestion tank, and expanded biosolids processing facilities.

®  Biosolids produced in AD can be further processed in a drying system on site to produce a
high-quality pelletized product that is in high demand from the local agricultural
community

= Biogas produced in AD can provide a heat source for a biosolids dryer.

Recommendations & Next Steps

The evaluation ranked the food waste processing alternatives with the Dry Creek co-digestion
facility coupled with a biosolids dryer highest because of the unique benefit of not only diverting
food waste from the landfill, but also diverting wastewater biosolids from the Dry Creek facility
that are also currently landfilled. In this alternative 40,800 tons per year of food waste and
biosolids are estimated to be diverted from the landfill with an approximate total project cost of
$58 million. Installing a dryer at Dry Creek will utilize existing wastewater infrastructure and
allow for production of a high-quality biosolids product while utilizing renewable energy from
the plant in the form of biogas. Use of a dryer was determined to be favorable over composting
as it can be performed at the plant, is void of odor problems, and is more marketable.
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Project Overview

The Metro Public Works Department (Metro PW) recently completed a Solid Waste Master Plan to
facilitate a long-term move towards zero waste. The results of a waste audit, conducted in support
of the master plan, indicated that organics, and specifically, food waste, is one of the largest
components of the Davidson County waste stream currently being landfilled. Anaerobic digestion
(AD) is one of the options identified in the master plan for increasing food waste diversion from
landfills. This technical memorandum evaluates AD options for food waste generated within the
commercial sector of Davidson County.

For the study, two alternatives were selected for evaluation:

= A standalone AD facility - this would be a new facility designed solely for processing and
digesting food waste. It could be a custom design or a packaged design from an AD facility
provider, such as Quasar or Bioferm. This facility could be owned by Metro PW and operated
through a private contract operations agreement or entirely privatized.

= Codigestion of food waste with wastewater sludge at the Dry Creek Wastewater
Treatment Plant (Dry Creek) - this option includes making modifications to the existing
plant facilities and operations to allow food waste to be mixed with wastewater sludge and
codigested in common tanks.

Current Management of Food Waste

Food waste in Davidson County accounts for approximately 13 percent of commercial landfilled
waste and 21 percent of residential landfilled waste. The focus of this study is commercial food
waste; however, future expansion of AD facilities could allow for receiving of both commercial and
residential food wastes. Figure 1 shows the historical trend for food waste within Davidson County.
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Figure 1: Historical Food Waste Generation in Davidson County
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Metro Water Services (MWS) owns and operates the Dry Creek WWTP located at 61 Edenwold
Road in northeast Davidson County. For biosolids treatment, Dry Creek operates two anaerobic
digesters and four belt filter presses for dewatered Class B biosolids production. All biosolids
produced at Dry Creek are currently landfilled at the Middle Point Landfill located in Rutherford
County. Average biosolids production is six to eight dry tons per day (30 to 40 wet tons per day).
The average annual cake production is 39 wet tons per day at 17 to 21 percent total solids. Hauling
of biosolids to Middle Point Landfill is reported to cost $528,000 annually, inclusive of landfill
tipping fees and hauling costs. With Middle Point Landfill anticipated to reach capacity within the
next 5 to 10 years, MWS will need to secure an alternate disposal facility in the near future. Given
that the Middle Point Landfill is the closest disposal facility to Dry Creek that is permitted to receive
biosolids, it is assumed that hauling costs will increase due to a longer hauling distance after the
Middle Point Landfill closes.

Design Criteria

The design criteria for the proposed AD evaluation are based on data generated during the
preparation of the Solid Waste Master Plan along with values recorded at similar AD facilities. An
estimated 61,000 tons of commercial food waste was generated in 2017. Experience from existing
food waste collection programs shows that focusing on large scale generators (i.e. commercial units
that generate 1 ton or more of food waste per week) will reduce collection costs and contamination
levels. Based on previous experience, CDM Smith estimates large scale generators account for
approximately 50 percent of the total commercial food waste. Therefore, based on the 2017 food
waste of 61,000 tons, the assumed design capacity for the proposed facility is 31,000 tons per year.
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Solids analysis performed on the commercial food waste received at the Greater Lawrence Sanitary
District (GLSD) WWTP in North Andover, MA for codigestion shows the composition is, on average,
14 percent total solids, of which 93 percent are volatile solids (refer to Figure 2). This solids
analysis is consistent with conservative literature values for food waste, including data reported at
the full scale food waste facilities at East Bay Municipal District (EBMUD), and is assumed to be a
reasonable design criteria value for the food waste digestion facility. Table 1 summarizes the AD
design criteria established for this evaluation.

Figure 2: Commercial Food Waste Solids Analysis Results at GLSD WWTP
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Table 1: Anaerobic Digester Design Criteria

Description ‘ Value
31,000 tons/year
Food Waste Loading 168,000 Ibs/day
20,000 gals/day

4,300 dry tons/year

Total Solids Loading 24,000 lbs/day

. . . 4,000 dry tons/year
Volatile Solids Loading 22,000 Ibs/day
. . 1 | 99,000 ft3
Total Required Digester Volume 0.74 MGal
Volatile Solids Reduced? 16,000 lbs/day
. . 240,000 ft*/day
Biogas Production 168 scfm

1. Assuming loading of 0.22 lbs/ft3-day, based on Anaerobic Digestion of Food Waste, EPA-R9-WST-06-005.
2. Assuming 73.8% volatile solids destruction, based on Anaerobic Digestion of Food Waste, EPA-R9-WST-06-005.
3. Assuming 15 cf/lb VSD, based on recorded data from GLSD WWTP.
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Process Components
Food Waste Preprocessing Facility

Food waste collected from commercial sources, such as grocery stores, restaurants, and
institutional cafeterias, comes in the form of expired food (in packages or bulk), kitchen scraps, and
post-consumer leftovers. Despite being source separated, food waste requires preprocessing to
remove packaging and other trash that errantly gets thrown into the organics bin. Preprocessing is
also required to blend the waste into a pumpable slurry.

For this evaluation, it was assumed that a centralized preprocessing facility will be employed (as
opposed to each food waste generator performing this function). The centralized facility will be an
enclosed building equipped with negative pressure ventilation and a biofiltration system to manage
odors. Food waste will be offloaded inside the building onto a tipping floor where it will be stored
until it is processed.

During preprocessing inert contaminants such as plastics, metals, and glass are removed to provide
a clean feedstock for digestion. Removal of contaminants is commonly achieved by manual
separation of bulky materials, such as boxes, and through use of depackaging technology. Following
depackaging, a variety of technologies can be used to shred, grind, macerate, screen, and extrude
food waste into a homogeneous slurry that can be pumped into tanker trucks for delivery to an AD
facility. Some equipment, such as the DODA Bio Separator and the Scott Turbo Separator, perform
both depackaging and slurry processing.

Many food waste AD programs use proprietary preprocessing systems to prepare the slurry. Two
turn-key providers include Waste Management, Inc. (WMI) and Anaergia Inc.

Waste Management’s CORe technology, refer to Figure 3, is a patented system that is currently
being used to preprocess food waste for codigestion projects in Boston, New York City, northern
New Jersey, and Los Angeles. Food waste from the tipping floor is offloaded into a hopper using
front-end loaders where it is fed into a bioseparator to remove contaminants and pulverize the
waste into a slurry using a hammer mill. The separated organics are then transferred to product
tanks for high COD (chemical oxygen demand) organics and make-up product tanks for low COD
organics. Blending of the high and low COD organics is tailored to match the specific characteristics
of the food waste being collected in order to produce an optimal slurry for digestion. Water is
added as needed to meet the desired water content for the pumping systems. The resulting slurry
produced by the CORe system is trademarked by WMI as EBS (engineered bioslurry).
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Figure 3: Waste Management’s CORe Technology

Anaergia’s trademarked OREX (Organics Extrusion Press) technology, refer to Figure 4, uses an
extrusion process to separate and breakdown organics. It can be used for source separated
organics and unsorted municipal solid waste (MSW). The wet fraction (organics) are pressed
through a perforated wall of a rotating drum and sent to a polishing system for maceration and
water addition. The dry fraction contaminants are contained within the extrusion drum and
discharged out the end onto a conveyor belt. Anaergia processes the dry fraction residuals into a
refuse derived fuel for use in cement kilns. Anaergia’s Rialto Bioenergy Facility, scheduled for
completion in 2020, will process 700 tons per day of food waste from the Los Angeles metropolitan
area.
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Figure 4: Anaergia’s OREX Technology
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Waste Receiving Station

From the preprocessing facility, the food waste slurry is transported in tanker trucks to the AD
facility. Tanker trucks unload the food waste slurry at a waste receiving station consisting of a
tanker connection, offloading pumps, settling tank(s), and an equalization tank. The equalization
tank allows food waste to be added to the digesters in a controlled manner to avoid potential upset
of the AD process.

Truck scales can be installed before and after unloading to verify the weight of food waste offloaded
for tracking and billing purposes. The slurry is offloaded into a settling tank with removable bar
screens. From the settling tank, the waste flows by gravity or is pumped to an equalization tank.
The tanks are equipped with odor control equipment and are enclosed to prevent access to insects
and rodents.

Figure 5 shows the receiving station installed at the Des Moines Wastewater Reclamation Facility
(WRF)in Des Moines, lowa. Appendix A provides a conceptual design for a food waste receiving
station that could be employed at the Dry Creek WWTP.
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Figure 5: Organic Waste Receiving Station at Des Moines WRF

Anaerobic Digestion System

Anaerobic digestion (AD) is a stabilization process to reduce pathogen levels and overall volume of
wastewater residuals. AD is used successfully at numerous wastewater treatment facilities
throughout the country, including the Central and Dry Creek WWTPs in Nashville. AD can be
modified to operate as a codigestion process which involves digestion of mixed materials; for
example, wastewater residuals and food waste. Byproducts of digestion are biogas and biosolids.
Biogas produced contains approximately 60 to 65 percent methane and can be used as a fuel or
converted to electrical energy and heat through cogeneration. The biosolids produced by AD are
typically categorized as Class B under 40 CFR Part 503, Standards for the Use of Disposal of Sewage
Sludge. Class B biosolids are defined as solids that are processed to significantly reduce pathogens,
whereas Class A biosolids are defined as solids that are processed to further reduce pathogens.
Class A solids require additional processing and have a lower pathogen level than Class B, however,
they are much less limited in their disposal, including much broader options for beneficial reuse.

Biogas Equipment

Biogas produced from AD can be used to produce electricity and heat in a combined heat and power
(CHP) system. A CHP system includes an engine that cogenerates power and heat from its fuel
source (i.e., biogas). CHP systems typically have an electrical conversion efficiency of 38 to 42
percent and a heat recovery efficiency of 40 percent. Power produced by CHP systems can be
utilized on-site by other wastewater treatment processes, and the heat recovered can be utilized to
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for digester process heating. Excess biogas that cannot be used in the CHP system must be flared in
a waste gas burner to combust the remaining methane.

Dewatering Equipment

The product of AD, digestate, typically contains three to six percent total solids content. Dewatering
equipment is used to decrease the water content and increase the solids to 16 to 24 percent.
Numerous technologies exist for dewatering, ranging from mechanical rotating equipment to belt
presses for water removal. Typically, a coagulant, such as a polymer solution, is mixed with the
digestate prior to dewatering to promote flocculation and further increase solids content of the
dewatered product (i.e., cake). This cake, which is Class B after AD, can be land applied as a
fertilizer additive or substitute.

Biosolids Processing Equipment

Additional biosolids processing equipment can be located downstream of dewatering for further
processing to produce a Class A biosolids product. One such process is biosolids drying, which heats
the biosolids to produce a pelletized product with a solids content greater than 90 percent. The
dryer can be fueled by biogas produced from AD, by natural gas, or more commonly a combination
of both.

Another biosolids process is lime stabilization, which increases the temperature and pH for
pathogen reduction. Lime and acid are added to the biosolids, and the solids content of the product
is increased to approximately 29 percent.

There are numerous other technologies that can be introduced or implemented within the biosolids
process train to achieve Class A biosolids; however, these are the two auxiliary processes that were
the focus of the evaluation. Other systems could be evaluated for comparative purposes should the
project move into more detailed preliminary design.

Alternatives Analysis
Food Waste Preprocessing Facility

Planning level cost estimates for a turnkey preprocessing facility were obtained from WMI and
Anaergia. WMI recommended a 10,000 square foot facility consisting of a 6,000 square foot tipping
floor and a 4,000 square foot area for processing equipment. WMI noted that siting the facility at
the Antioch Transfer Station or another local WMI property would be preferable from permitting
and cost savings perspectives. Both companies stated that there would be no wastewater
discharges from their facility, as all liquid is retained for creating the slurry mix. The combined
capital costs and O&M costs ranged from $45 to $65 per wet ton.

Standalone Anaerobic Digestion Facility

A standalone anaerobic digestion facility would be constructed to process food waste from the
Nashville metropolitan area. The food waste would be transported by truck to the processing
facility, where it would be pumped into an equalization tank. Two anaerobic digesters would be
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provided for food waste stabilization and solids reduction. Food waste, when compared to
municipal waste, can have deficient levels of COD and trace minerals, including cobalt, nickel,
molybdenum, and selenium. The standalone facility will likely require feeding supplemental COD
and trace minerals to alleviate ammonium toxicity and prevent digester instability?. It is assumed a
chemical addition system will be required for the standalone AD system with capability of feeding
these nutrients and minerals to ensure stable digestion.

The digestate (output of anaerobic digesters) would be dewatered, with the biosolids sent to an off-
site composting facility and the centrate (liquid removed from digestate during dewatering)
discharged to the public sewer system (to MWS treatment facility). Biogas produced in the
digesters would be processed in a CHP system for electricity and heat generation. The energy from
biogas produced at the standalone facility is expected to far exceed the facility demand (670
kilowatts [kw] vs. 150 kw). It is assumed that the CHP system is sized only for the onsite facility
demand since the TVA purchase price is too low to warrant the additional cost of switchgear and
other interconnection infrastructure. Because the biogas cannot be used elsewhere on-site, it is
assumed the excess biogas generated will be flared in a waste gas burner.

A process flow diagram of the facility is presented below in Figure 6.

Figure 6: Standalone Anaerobic Digestion Facility

= 1 Electricity for
Fom—— > On-site Utilization

Heat for Digester
———— Heating

Anaerobic
Digester

Biosolids to Off-site

GH > ! —> @ : : Q) - =50 Composting
H - - Centrate to
Food Waste Offloading H : —p
Loading Truck Pump H ! Dewatering Sewer

Equalization
Tank

Anaerobic
Digester

Odor
Control

1 Evans, P.]., Patel, U., & Stensel, H. D. (2015). Anaerobic Digestion at the US Air Force Academy Results in
Solids Reduction and Renewable Fuel. WEFTEC, 1637-1646.
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Components of the standalone facility are listed below.

B Waste receiving station; including tanker truck connections, offloading pumps, settling tank,
and truck scales.

= Equalization tank; including odor control, mixing, and transfer pumps.

= Anaerobic digesters and digester processing equipment; including heat exchangers, pumps,
mixing system, chemical addition system, and piping.

= Dewatering equipment; including feed pumps, cake conveyance system, centrate pumps,
polymer system, and containment for the equipment.

®  Digester gas processing equipment; including engine, gas booster, gas conditioning
equipment, gas safety equipment, and waste gas burner.

The total land required for the standalone AD facility is estimated to be three to five acres. Utilities
required for the facility include electricity (480 volt), natural gas, water, and sewer.

Quasar Energy Group of Cleveland, Ohio provided a budgetary quote for a standalone anaerobic
digestion system. Quasar’s quote includes a 230,000 gallon mixed equalization tank, two 550,000
gallon steel digester tanks, a digestion mixing system, pumps for feeding and discharge, a shed
structure for weather protection on valves, and miscellaneous process piping, instrumentation,
valves, and electrical equipment. Note that Quasar requires dilution water for the standalone
facility due to the high solids content of the food waste; therefore, the digesters are larger than
those estimated in Table 1. Quasar has experience in digestion of biosolids, food waste, FOG (fats,
oils, and grease) and septage at greenfield codigestion facilities, rehabilitation of existing
wastewater treatment facilities, and installations at wastewater facilities for Class A biosolids
production. However, their experience with food waste-only digestion is limited. One key
consideration moving forward will be balance of micronutrients in the digestion process, as
discussed previously. Piloting is recommended if a standalone facility is to be constructed to verify
digester stability of commercial food waste. In some cases, codigestion of food waste with small
amounts of septage, municipal residuals, or FOG (fats, oils, and grease) may provide some of these
necessary nutrients. Quasar’s budgetary price was $5,100,000 and is included as an appendix to
this TM.

CDM Smith also received price quotes the CHP system. The quote for the CHP system and the
Quasar quote included only equipment costs. Quasar’s proposal did not include feedstock receiving,
an operations building, laboratory analysis equipment, dewatering, biogas utilization equipment, or
general sitework. CDM Smith developed equipment costs for these exclusions based on previous
project experience, inflated to current pricing.

Design allowances were added as a percentage of the equipment cost for site civil, geotechnical,
piping, HVAC, plumbing, electrical, instrumentation, and system installation. A separate land
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development contingency is included due to the unknown location for the standalone facility and
high variability of land prices in Davidson County. Construction allowances were also included,
inclusive of a 30 percent overall project contingency. Table 2 summarizes the allowances assumed
for the project; these allowances are used for capital cost development of both the standalone and
codigestion facilities.

Overall, costs were developed for the receiving station, anaerobic digesters, digester gas equipment,
and dewatering equipment, inclusive of project allowances and contingencies, as summarized in
Table 3. The entirety of Quasar’s proposal is included in the anaerobic digesters line item of Table 3,
although some of their scope could be divided between the anaerobic digesters and receiving
station line items.

Table 2: Project Allowances
Description Allowance, %

Design Allowances

Site Civil / Geotechnical 10%
Piping 5%
HVAC 5%
Plumbing 3%
Electrical 15%
Instrumentation 8%
Installation 15%
Subtotal Design Allowances 61%
Land Development Contingency 40%

Construction Costs

GC General Conditions 15%
GC Overhead & Profit 12%
Construction Contingency 30%
Escalation to Mid-Point of Construction 9%
Subtotal Construction Costs 66%

Project Costs
Engineering Design, Bidding, & CPS 10%
Legal & Administration 3%

Subtotal Project Costs 13%
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Table 3: Standalone Facility Capital Costs

Description Capital Cost

Land Development $6,000,000

Receiving Station $1,300,000

Anaerobic Digesters $17,000,000

Digester Gas Equipment $1,600,000

Dewatering Equipment $5,100,000

Total Estimated Project Cost $31,000,000
O&M Cost Estimate

Annual operations and maintenance (0&M) costs and annual revenue/savings (i.e., “values”) were
developed for the standalone facility and are presented in Table 4. Below is a summary of the items
included in the tables:

= Receiving station annual costs, inclusive of electricity for pumps and odor control.

= Anaerobic digesters annual costs, inclusive of chemical addition, electricity for pumps, and
digester cleaning. It is assumed digester cleaning is required every five years. Costs are not
included for digester heating; it is assumed heat from the CHP system can be utilized for all
required digester heating.

= Digester gas equipment annual costs, inclusive of CHP system O&M, engine major overhaul
maintenance (assumed to occur every 10 years), the parasitic load of the CHP system and
associated equipment, gas conditioning system media, gas blower maintenance, and the gas
conditioning system parasitic load.

= Dewatering equipment annual costs, inclusive of electricity for the pumps and equipment and
polymer.

= Sidestream treatment annual costs for the centrate, inclusive of sewer discharge fees for
ammonia, total suspended solids, and biochemical oxygen demand (BOD).

= Annual costs for solids end use, assumed for hauling to compost site and a tipping fee for
composting of the food waste digestate.

®  Annual payment on capital, assuming a 20-year loan term at 4-percent interest.

= CHP system annual value, inclusive of a power credit equal to the electricity cost of the
receiving station, anaerobic digesters, digester gas equipment, and dewatering equipment.
Because heating costs are not included in the annual digester cost above, a heating credit is
not included.
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Table 4: Standalone AD Facility Annual Costs and Values

Description Annual Costs

Receiving Station $10,000
Anaerobic Digesters $200,000
Digester Gas Equipment $110,000
Dewatering Equipment $57,000
Sidestream Discharge to Sewer $41,000
Solids End Use $170,000
Annual Payment on Capital $600,000
Total Annual Cost $1,200,000
CHP — Power Purchase Savings $75,000
Net Annual Cost $1,150,000

Table 5 includes details of the cost and process assumptions made for both the standalone facility
and codigestion facility.

Table 5: Project Assumptions

Description Assumption
Electricity $0.08/kwh
Natural Gas $6/MMBtu
Digester Cleaning Cost $115/CY
Polymer Cost $1.60/1b
Dewatering Polymer Dosage 20 Ib/DT
Centrate Ammonia 1,200 mg/L
Centrate TSS 2,000 mg/L
Centrate BOD 200 mg/L
Ammonia Treatment $0.4406/1b
TSS Treatment $0.1657/Ib
BOD Treatment $0.3264/Ib
Lime $160/ton
Acid $1,400/ton
Food Waste Composting Fee $30/WT
Class A Dried Biosolids Fee $15/WT
Class A Lime Stabilized Biosolids Fee S30/WT
Landfilling Fee $22.32/ton
Biosolids Transportation Fee $0.37/ton/mile
Loan Term 20 Years
Interest Rate 4%
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Codigestion of Food Waste at Dry Creek WWTP
Scope of Work

In this scenario, food waste would be codigested with waste activated sludge (WAS) and primary
sludge (PS) in the existing digesters and one new anaerobic digester. The codigested sludge would
be dewatered and further processed to Class A biosolids. The centrate would be pumped to an
equalization tank and ultimately to the head of the facility. The Class A biosolids process could be
either a dryer or an enclosed lime stabilization process (such as the Bioset process by Schwing).
Both processes are included in this analysis and are detailed herein. Biogas produced by the three
anaerobic digesters could be used to fuel the biosolids dryer or in a CHP system to produce heat
and power.

The existing digestion and dewatering facilities are not sufficiently sized for the additional flows
and loads from food waste. The food waste will require a minimum of 744,000 gallons of additional
digester capacity. One new 860,000-gallon digester would be added to match the size of the existing
digesters. The existing digester building would be expanded to house the additional digestion
equipment. The food waste digestion will produce an additional 18,000 gallons per day of digestate
for dewatering. At Dry Creek’s current dewatering schedule of five days per week for seven hours
per day, this will require an additional 60 to 70 gallons per minute (gpm) of dewatering capacity.
One new belt press would be installed in the existing Filter Building to meet this requirement. Pilot
testing is recommended to confirm the dewatering system sizing and feasibility of utilizing belt
presses. In some cases, the high fiber content of food waste can be problematic for belt cleaning and
may blind the belts early and lead to reduced dewatering performance.

If a dryer is used for biosolids processing, biogas would be used to fuel the dryer. Based on
preliminary sizing calculations, the biogas can fully fuel the dryer and no supplemental heat will be
required. Additional biogas produced in the digester can be used for digester heating in the existing
boiler system. The pelletized biosolids product would be managed by a third party for
transportation, marketing, and distribution.

The lime stabilization process is assumed to be an enclosed system, such as the Bioset system
(shown in Figure 7). This system includes a completely enclosed hopper and reactor to contain
toxic gases, odors and dust. Lime stabilization of anaerobically-digested biosolids liberates
ammonia from the solids and produces toxic ammonia gas. Although the Bioset system is entirely
enclosed, air handling is recommended to alleviate the ammonia toxicity concerns.
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Figure 7: Schwing Bioset Lime Stabilization Process
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If lime stabilization is used for biosolids processing, 100 percent of the biogas would be used to
produce power and heat in a CHP system. This CHP system is sized for Dry Creek wastewater solids
and food waste. Dry Creek averages 110 standard cubic feet per minute (scfm) in biogas
production. When combined with the projected food waste biogas, the total biogas produced is
anticipated to be 278 scfm. All of this biogas would be fed to a cogeneration system, sized at 1,160
kw. This engine is sized to provide power for most of the Dry Creek facility, which has an average
electricity consumption of 1,300 kw. The lime stabilized biosolids product would be managed by a
third party for transportation, storage, marketing, and distribution.

Figure 8 shows the process flow diagram of the codigestion facility with a biosolids dryer, and
Figure 9 shows the flow diagram for lime stabilization and CHP.



Preliminary Evaluation of a Food Waste Anaerobic Digestion Facility
January 6, 2020
Page 16

Figure 8: Codigestion with Biosolids Dryer at Dry Creek WWTP
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Figure 9: Codigestion with Lime Stabilization at Dry Creek WWTP
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Components of the codigestion facility are listed below.

B Waste receiving station; including tanker truck connections, offloading pumps, settling box,
and truck scales.

= Equalization tank; including odor control, mixing, and transfer pumps.

= Anaerobic digesters (two existing and one new); including expansion of the existing digester
facility.

= Digester processing equipment; including heat exchangers, pumps, mixing system, and
piping.

= Dewatering equipment; including feed pumps, cake conveyance system, centrate pumps,
polymer system, and a centrate equalization tank.

= Biosolids processing equipment; including a lime stabilization system or dryer.

= Digester gas processing equipment; including gas conditioning equipment, gas safety
equipment, and waste gas burner. The CHP system is only included with the lime stabilization
option.

Capital Cost Estimate

Capital cost estimates were developed for the dryer and lime stabilization options using quotes
received from manufacturers, CDM Smith project experience, and industry standard values. The
receiving station is expected to have a similar cost to the receiving station for the standalone
facility. Note that there are some differences between the codigestion and standalone facilities in
receiving station cost due to items included in Quasar’s proposal that were all included in the
anaerobic digester line item in Table 3.

The anaerobic digester tanks are more expensive than the standalone facility tanks. Quasar’s
proposal includes steel tanks, whereas the cost estimate for Dry Creek includes digester
construction to match the existing concrete tanks. Additionally, the anaerobic digesters line item
includes costs for the digester building expansion.

The digester gas equipment line item includes gas conditioning equipment, gas safety equipment,
and a waste gas burner for both codigestion options. The lime stabilization option also includes a
CHP system and significant electrical upgrades to Dry Creek to allow for use of the electricity
generated onsite.

The dewatering quote is the same for both codigestion options and includes additional dewatering
and polymer equipment, pumping, conveyance, and the centrate equalization tank and pump. The
biosolids equipment includes the dryer or lime stabilization equipment, plus an allowance for a
new building at Dry Creek.
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Table 6: Codigestion Facility Capital Costs

Description Capital, Dryer Capital, Lime + CHP

Receiving Station $1,600,000 $1,600,000

Anaerobic Digesters & Building Expansion $27,000,000 $27,000,000

Digester Gas Equipment $2,100,000 $12,400,000

Dewatering Equipment & Filtrate EQ $3,800,000 $3,800,000

Biosolids Equipment $23,800,000 $10,600,000

Total Estimated Project Cost $58,000,000 $56,000,000
O&M Cost Estimate

Annual O&M costs and annual revenue/savings (i.e., “values”) were developed for the codigestion
facility alternatives and are presented in Table 7 and Table 8. Below is a summary of the items
included in the tables:

= Receiving station annual costs, inclusive of electricity for pumps and odor control.

= Anaerobic digesters annual costs, inclusive of electricity for pumps and digester cleaning. It is
assumed digester cleaning is required every five years; costs have been annualized to include
an average yearly cost. Costs are not included for digester heating; it is assumed heat from
the CHP system or excess heat from the dryer scenario can be utilized for digester heating.

= Digester gas equipment annual costs, inclusive of gas conditioning system media, gas blower
maintenance, and the gas conditioning system parasitic load for both codigestion
alternatives.

= For the lime stabilization option, costs are included for CHP system 0&M, annualized engine
major overhaul maintenance (assumed to occur every 10 years), the parasitic load of the CHP
system, and associated equipment.

= Dewatering equipment annual costs, inclusive of electricity for the pumps and equipment and
polymer.

= Biosolids processing and end use annual costs.

* For the dryer alternative, this includes heating for the dryer, electricity for the blower,
general O&M for the dryer, and biosolids end use.

*  For the lime stabilization alternative, this includes lime and acid for processing,
electricity, general 0&M for the lime stabilization process, and biosolids end use.

®=  Annual payment on capital, assuming a 20-year loan term at 4-percent interest.
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= Biosolids utilization credit, which is the “savings” by diverting Class B biosolids produced at
Dry Creek from the landfill. The credit is inclusive of landfill fees and hauling costs. It is
assumed the Middle Point landfill would reach capacity after five years into the project; and
therefore, the biosolids would be hauled to the WMI West Camden Landfill for the remaining
years in the evaluation. The table below includes the costs for both disposal at Middle Point
and West Camden.

B CHP system annual value, inclusive of a power credit equal to the engine capacity (1,160 kw).
Because heating costs are not included in the annual digester cost above, a heating credit is
not included. This annual value is only included for the lime stabilization option.

= Biosolids processing annual value, inclusive of a natural gas credit for the dryer process. This
annual value is only included for the dryer option.

Table 7: Codigestion Facility Annual Costs

Description ‘ Dryer Lime + CHP
Receiving Station $10,000 $10,000
Anaerobic Digesters $130,000 $130,000
Digester Gas Equipment $34,000 $220,000
Dewatering Equipment $57,000 $57,000
Biosolids Processing & End Use $390,000 $860,000
Annual Payment on Capital $1,200,000 $1,100,000
Total Annual Cost $1,800,000 $2,400,000

Net Annual Cost $800,000 - 51,100,000 $800,000 -$1,100,000

Table 8: Codigestion Facility Annual Values
Description ‘ Dryer Lime + CHP ‘

Biosolids Utilization Credit $530,000 - $820,000 $530,000 - $820,000
CHP System S0 $810,000
Biosolids Processing $220,000 $0

Total Annual Value $750,000 - $1,000,000 $1,300,000 - $1,600,000

Summary of Alternatives for Food Waste Management

This study evaluated three food waste management alternatives:
= A Standalone Food Waste Processing Facility with Food Waste Composting
= A Codigestion Facility at Dry Creek WWTP with Biosolids Dryer

= A Codigestion Facility at Dry Creek WWTP with Lime Stabilized Biosolids and CHP
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An alternatives analysis was conducted to compare the three alternatives. Each alternative is
ranked on a scale from one (worst) to three (best) for various criteria. The criteria are assigned
different weighting factors, and the criteria points assigned to each alternative is the product of the
ranking and the weighting factor. A total score for each alternative is given by the sum of the
criteria points, and the alternative with the highest score is considered the preferred alternative. To
compare the three alternatives, the following criteria were developed for evaluation:

= Present worth analysis: cost evaluation including capital and O&M costs/values over a 20-
year period. inflation factor is equal to the discount factor.

= Ease of construction; inclusive of construction time, permitting requirements, and
coordination needs between Metro Water, Metro Public Works, engineering, and the
construction team.

= Ease of operation; inclusive of operations and maintenance requirements, impact to current
processes, amount of equipment to maintain, and facility safety.

= Maintenance of operation during construction, focused on continued operation of Dry Creek
WWTP throughout implementation of the project.

=  End product quality and quantity, accounting for classification under 503 regulations, water
content, and wet mass produced.

= Landfill diversion; inclusive of both food waste and Dry Creek biosolids diversion.

= Energy production and utilization, including evaluation of biogas beneficial use from
digestion.

= Equipment life, accounting for expected longevity of processing equipment.

= Digester stability, accounting for the long-term operation of the anaerobic digestion process,
including the likelihood of digester upsets and nutrient deficiencies.

These criteria are weighted for the evaluation per the factors as presented in Table 9.
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Table 9: Alternatives Analysis, Criteria Weighting Factors

Description Weighting Factor

Present Worth Costs 20%
Ease of Construction 5%
Ease of Operations 5%

Maintenance of Dry Creek WWTP Operation

0,
During Construction >%

End Product Quality and Quantity 15%
Landfill Diversion 15%
Energy Production and Utilization 15%
Equipment Life 10%
Digester Stability 10%

Figure 10 shows the lifecycle cost comparison of the three alternatives, accounting for capital costs,
annual O&M costs, and annual values over a 20-year period. Table 10 provides a summary
comparison of the alternatives. The standalone facility has the lowest capital cost; and therefore,
the lowest 20-year lifecycle cost.
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Figure 10: Present Worth Cost Comparison
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Table 10: Cost Comparison

Description Standalone Dry Creek, Dryer Dry Creek, Lime + CHP
Capital $31,000,000 $58,000,000 $56,000,000

Total Annual Cost $1,200,000 $1,800,000 $2,400,000

Total Annual Value $75,000 $750,000 - $1,000,000 $1,300,000 - $1,600,000
Net Annual Cost $1,150,000 $800,000 - $1,100,000 $800,000 - $1,100,000

20-Year Cost $54,000,000 $73,000,000 $76,000,000

Because the standalone has the least equipment, it is ranked easiest to construct and easiest to
operate. In addition, the standalone facility construction will not have an impact on Dry Creek
WWTP operations; and is therefore the easiest for maintenance of operation during construction.
Conversely, the codigestion alternative with lime and CHP has the most equipment of the three
alternatives and will be the most difficult to construct and operate, and will have the highest impact
on Dry Creek WWTP operations during construction. Furthermore, due to the ammonia gas
generation during the lime stabilization process, this alternative also has the highest concern from a
safety perspective in operation.
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The codigestion facility with the dryer will produce a highest quality end product because it is a
dried biosolids product with significant water reduction (i.e., volume reduction) and is a Class A
biosolids product. The total biosolids production from the dryer is expected to be approximately
nine wet tons per day. The codigestion facility with lime stabilization will also produce a Class A
product; however, the moisture content will be much higher, with an expected biosolids production
of 44 wet tons per day. The standalone facility, because it only processes food waste (whereas the
codigestion process includes wastewater residuals) will produce 16 wet tons per day of compost.
The composted product is not subject to 503 regulations because it is 100 percent food waste and
will not contain fecal content. The compost, similar to the Class A product, can be used as a fertilizer
substitute or amendment. Since the dryer codigestion facility produces the least volume of
biosolids, it is ranked first for the end product quality assessment. The lime stabilization
codigestion facility produces the most volume of biosolids and is therefore ranked third for this
assessment.

Both Dry Creek codigestion alternatives will divert 40,800 tons per year from the landfill. This is
inclusive of both food waste and wastewater biosolids. The standalone food waste facility will only
divert the food waste from the landfill, a total of 30,700 tons per year.

The codigestion facility with lime stabilization has the highest renewable energy production and
utilization, because electricity can be produced from the CHP system and beneficially used on-site.
Additionally, the heat produced from CHP can be recovered and utilized for digester heating. The
codigestion facility with the dryer ranks second for energy utilization, because biogas produced
from AD is used for the drying process and digester heating. The standalone facility does not have a
high energy utilization due to the limitations on energy demand from the facility, and therefore,
much of the energy produced as biogas must be flared.

The standalone facility ranks last in equipment life, due to the quality and materials of construction
of the digesters. The steel digesters (quoted by Quasar) are expected to have a much shorter
lifespan than concrete digesters that would be constructed at Dry Creek WWTP for either
codigestion alternative.

The Dry Creek codigestion facility options are ranked equally for highest digestion stability. The
standalone facility ranks lowest due to the nutrient deficiency and potential need for supplemental
chemicals, such as COD, cobalt, nickel, molybdenum, and selenium. Codigestion of food waste with
municipal residuals will allow the digesters to have ample micronutrient levels and will not require
chemical addition.

Table 11 summarizes the alternatives analysis for the three options, based on the discussion above.
Table 12 correlates the comparison to the relative scoring (three is highest, one is lowest). In some
cases, two alternatives tied in ranking. Finally, Table 13 summarizes the total weighted score for
each alternative based on the rankings.
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Table 11: Alternatives Analysis Comparison

Description Standalone Dry Creek, Dryer Dry Creek, Lime + CHP
Present Worth Costs $52,000,000 $74,000,000 $71,000,000
Ease of Construction Easiest Medium Hardest
Ease of Operations Easiest Medium Hardest
gﬂj:ir;'igz:zsrzzgf:ration Easiest Medium Hardest
End Product Quality and Compost, Class A, Class A,
Quantity 16 WT/day 9 WT/day 44 WT/day
Landfill Diversion Lowest Highest Highest
Ertlﬁirzi\iiz;oduction and Lowest Medium Highest
Equipment Life Lowest Highest Highest
Digestion Stability Lowest Highest Highest

Table 12: Alternatives Analysis Scoring

Description Standalone Dry Creek, Dryer Dry Creek, Lime + CHP
Present Worth Costs 3 1 2
Ease of Construction 3 2 1
Ease of Operations 3 2 1
Maintenance of Operation

During Construction 3 2 1
End Product Quality 2 3 1
Landfill Diversion 1 3 3
Br;ﬁirzga\{dz;oductlon and 1 2 3
Equipment Life 1 3 3
Digestion Stability 1 3 3
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Table 13: Alternatives Analysis Weighted Scoring

Description Weight Standalone Dry Creek, Dryer Dry Creek, Lime + CHP
Present Worth Costs 20% 60 20 40
Ease of Construction 5% 15 10 5
Ease of Operations 5% 15 10 5
Maintenance of Operation 15 10 5
During Construction 5%

End Product Quality 15% 30 45 15
Landfill Diversion 15% 15 45 45
Energy Production and 15 30 45
Utilization 15%

Equipment Life 10% 10 30 30
Digester Stability 10% 10 30 30
Total 185 230 220

Overall, the Dry Creek codigestion facility with the dryer ranked the highest in the evaluation. This
is primarily due to the high end product quality from the drying process. Ultimately, all three
alternatives ranked very closely in our evaluations and the final selection will vary depending on
the balance of the evaluation of criteria balance between the overall capital and operating costs and
the potential for increased diversion and beneficial use of the biogas produced. Pilot testing of food
waste codigestion or standalone food waste digestion would be beneficial and may aid in decision-

making.



Appendix A
Food Waste Receiving Station Drawings
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Quasar Energy Group Budgetary Proposal
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Dave Baran, Director of Project Development
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E-mail dbaran@quasareg.com

Alan Johnson, P.E., VP of Project Development
Mobile (440) 666-5350
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SECTION lI: Project Background & Design Basis

quasar was approached by CDM Smith in support of a study evaluating the feasibility of a food waste
digestion facility for the Nashville regional area. quasar has collaborated with CDM Smith on past studies
and informs its estimates based on its firsthand experience in designing, building and operating various
aspects of its 20 US based anaerobic digestion projects. quasar has prepared an initial high level quote
for design, equipment and construction installation services for two 550,000 gallon anaerobic digesters.
The project quotes are based on the following design parameters:

Incoming Feedstock Quality & Energy Potential

INCOMING BIOMASS Per Day Basis (based on 7 days per week digester feeding)

Feedstock Wet Tons| %TS | %VS [DryTons| Gal TC:S BMP CH4 | BMP Biogas | CH4 % | Ft3 CH4 | Ft3 Biogas| MMBTU
1) Food Waste 85 14% | 93% 12 120,392| 11 7.2 12.0 60.0% | 159,236 | 265,394 161
2) Dilution 14 0% 0% 0 3,361 0 0.0 0.0 0.0% 0 0 0
Total Blended Biomass with Dilution 99 12.0%(93.0%| 12 |23,753| 11 7.2 12.0 60.0% | 159,236 | 265,394 161

SECTION lI: Proposed Scope of Work

The quote is based on the design, equipment procurement, construction and commissioning of the
following scope of work:

Anaerobic Digester System:
— 1x0.23M gallon steel bolted insulated feedstock equalization tank
Carbon steel epoxy coated rolled tapered panel bolted design tank
Top ring 304 stainless steel
Steel cone external rafter roof
Vertical standing seem insulation (2” polyiso with stucco aluminum painted sheathing)
Instrumentation to include tank level sensor and temperature sensor
1x side entry mechanical propeller mixer
Tank foundation
Mixing concrete pad
Tank erection
Process piping material supply and installation
Electrical material supply and installation
Shed structure for weather protection on valves
Gravel finish in area around tank

0O 0O 0O 0 o0 0O o 0O o O o0 o o

— 2x 550,000 gallon steel bolted insulated anaerobic digester tanks
o Carbon steel epoxy coated rolled tapered panel bolted design tank
Top ring 304 stainless steel
Steel cone external rafter roof
Hydraulic mixing system with foam buster
Vertical standing seem insulation (2” polyiso with stucco aluminum painted sheathing)

O O O O

Page | 2



Progressive cavity pump for feeding and discharge
Instrumentation to include tank level sensor and temperature sensor
2x Gas flow meter and 2x gas quality analyzer
Pneumatic valves

Tank foundation

Mixing concrete pad

Tank erection

Shed structure for weather protection on valves
Gravel finish in area around tank

Process piping material supply and installation
Electrical material supply and installation

0O O 0O OO0 0O O O o O ©O

Excluded/Assumed by Others:

— Feedstock receiving

— Operations building / lab equipment

— Dewatering

— Biogas cleanup or electrical generation equipment
— General sitework

SECTION llI: Budgetary CAPEX Estimate

Budgetary Pricing: $5.1M
Preliminary Timeline for Engineering/Permitting/Procurement/Construction: 18 Months

SECTION IV: Qualifications

Page | 3
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QUASAR

HISTORY

quasar is one of several privo’reiy heid, fomiiy owned companies born out of a muii‘i-generoi‘ionoi business,
Kurtz Broi‘i‘lers, which has specioiized in material reuse and resource recovery for decades. In 1991, quosor's
President and Founder, Melvin Kurtz, in collaboration with Kurtz Brothers, privo’rized the Ci’ry of Akron,
OH municipoi wastewater treatment biosolids iiondiing fociii’ry, a $90M Fociii’ry‘ The Cii‘y of Akron retained
ownership of the Fociii’ry, and KB Compos’r Services, Inc. begon operating the |orges’r in-vessel compost Fociiii'y
in the US for biosolids. After iden’rifying the process as exi‘remeiy cosi‘iy, KB Composi‘ Services sougii’r a

sustainable, economical, |ong-i‘erm solution for biosolids management.

[+ was on a trip to Germony in 2001, the Kurtz Fomiiy was introduced to the anaerobic digesi’ion process. Using
a i'iigh-soiids anaerobic diges’rion process by the German firm of Schmack Biogos, the pioni' was transformed
to integrate anaerobic digestion with composting. The project generated renewable energy and resulted in
cost savings. Phase | was compiei‘ed in 2007; after the success of the 2007 project, the composting portion of
the project was shut down in 2012 and compiei‘eiy converted o an anaerobic diges’rion process. In 2006, Mel

Kurtz went on to deveiop quasar energy group.

quasar is a Cleveland, OH based renewable energy and organics management firm wholly focused in
deploying anaerobic digestion technology for sustainable waste management solutions in municipal, industrial,
and agricultural applications. To date, quasar has completed fifteen projects in four states with a combined
capacity to process over 800,000 wet tons of organic material and generate 72,000 MWh of electricity

annually.

Since its fou nding in 2006, quasar has provided clients with tu rn|<ey solutions to waste management cho”enges,
cost saving initiatives, and environmental s’rewordsi'iip goois. quosor's compiei‘e mix anaerobic diges’rion system
processes organic waste fo produce clean, renewable energy. Our collaboration with numerous entities - both
federal and higner education - has given us invaluable insighi to maximizing biogos produc’rivi’ry at anaerobic
digesi‘ion facilities.

One of quasar’s unique s’rrengi'i'is is our exclusive US suppiy chain. quasar has deveioped the capacity to
design system components in-house when a ’rechnoiogy solution was not reodiiy available in the mori(e’rpioce.
As a result of 100% US sourced components, quosor's lead times are significon’riy reduced, and maintenance
and repiocemen’r efficiencies are improved.

Mission | Vision | Values

Each quasar project is Firmiy rooted in our company mission: fo create resources i:>y repurposing waste.
We aim to provide our clients with advanced i'ecimoiogy that produces affordable renewable energy from
municipoi and commerecial organic biomcss, while improving the environment. We bolster our mission by
consisi‘eni‘iy acting on our company values:

Trust. Eorning the trust of our coworkers, customers, and community partners +i1rougi1 competence, reiioioiii’ry

and good faith.
Accouni‘obiii’ry. Doing what we say we will do e’rhico”y and hones’riy.
Collaboration. Recognizing that by working i'oge’rner we are stronger than wori(ing on our own.

Balance. Fostering a work environment that contributes to both professional achievement and persona
fulfillment.

S’rewordship. CommiHing to health, scncei'y, and environmental responsibiiii‘y.

)
quasar

energy group




QUASAR'S

CAPABILITIES

Project Development

quasar’s in-house project development team is wholly committed to ensuring the viability of projects before
the start of complete design and construction. The project development team is responsible for completing
ciue-diiigence activities, inciuding market research, competitive research, financial mocieiing, and i\igh-ievei

technical viobiiii‘y.
Engineering & Design

quasar has an in-house engineering team, responsibie for oiesigning each of quasor's operai‘ional facilities.

Regulatory Compliance

quasar has in-house regulatory staff on-hand to ensure that each project meets regulatory compliance. quasar
seeks to understand the regulatory landscape in each state early in project development to ensure long-term
success.

Construction

Our construction team has built 15 opera+i0n0| anaerobic ciigesi'ers in the United States. The construction team
cioseiy collaborates with the engineering & ciesign team to ensure cons’rruc’rabih’ry and prac’rical design.

Operations & Maintenance

Unique to the incius’rry, quasar has hands on operations experience at anaerobic digesi‘ion facilities. Each quasar
project is designed with functional operational experience taken into consideration. quasar offers a wide range
of operqi'ionqi involvement to our customers, inciuciing full operations and maintenance responsibiiii‘y, 24-hour
remote operations oversigi'ii' and consui’ring, and as-need operoi‘ionqi ccivising.

Biomass Sourcing

quasar’'s biomass team is skilled at surveying the marketplace to ensure sufficient feedstock to maintain the
biological health of all our anaerobic digestion projects. The biomass team has a proven track record of building
successful relationships with both local and national businesses.

Beneficial Reuse

A comprei’iensive effluent management pion is essential to the success of anaerobic ciigesi'ion projects;
our effluent management team works with our clients to ensure the project has a sound plan for effluent
management.

Laboratory Services

quasar operates two full-service laboratories: one at corporate headquarters in Independence, Ohio and one
in partnership with The Ohio State University's campus in Wooster, Ohio. quasar’s laboratory allows us to
make informed and optimized operational decisions. The lab is equipped with pilot scale digesters. Designed
ioy quasar engineers, the pi|o+ scale diges’rers allow us to repiicci‘e the compiei‘e mix process of full-size facilities
to minimize operai‘ionai chaiienges and optimize performance.

)
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QUASAR

LABORATORIES

Capabilities

quasar's ana|ay’rica| laboratories pencorm testing services for biomass generators and municipa| clients across
the coun’ry under the supervision of Dr. Yebo Li and Dr. Xumeng Ge. Services include evaluation of biomass
substrates and gases using a variety of instruments on site. QQ

25 Gallon Pilot Scale Diges’rers

Our laboratories house ten 25 ga||on pi|o+ scale digesi‘ers which simulate the performance of the full scale “ |
facilities. The compact digesi’ers are also used to stress test the contained system to icieni'ify poi‘enfia| issues with ﬁ
biomass such as composition and gas-procluci'ion performance.

-
Biomethane Potential (BMP) > . .\-‘

quasar pencorms full characterization of biomass feedstocks inc|uding biomethane poi‘en’riai (BMP), which is
used to evaluate the iceasibiiii'y of feedstocks for codigesi‘ion based on the energy po’reni‘iais, poi‘en’riai inhibitors/ n
toxic components, and i‘ieavy metals and NPK values. The full characterization of feedstocks includes: Total -

Solids (TS) and Volatile Solids (V ); Carbon, Ni’rrogen Sulfur (C/N/S) pH Chemical Oxygen Demand

(COD), Minerals and i'leavy meftals (ICP-MS). The BMP tests are 4-weeks flask tests with Frequen’r monitoring
of biomethane produc’rion. l &= 31
Reicining Treatment Plant Opera’rions
Cocligesi'ion presents a signiFicani’ opportunity for wastewater treatment p|ani's to achieve energy neu’rra|i+y
while bringing in additional revenue from tipping fees. quasar's laboratories specia|ize in testing and ana|yzing
anaerobic digesi‘ion feedstocks to predic+ performance and diagnose the origin of common c|’1a||enges such as
foaming, low gas yields and excess hydrogen sulfide production. The laboratory assists customers across the
county in successfu”y o|eve|oping and managing their cociiges’rion projects.
Testing Capabilities |
Total solids (TS) TKN
Volatile solids (VS) Ammonia
pH Heavy metals (ICP-MS)
Chemical Oxygen Demand (COD) Minerals (ICP-MS)
Carbon, Nitrogen (CN) VFA profile (GC) l
Sulfur (S) Biogas Volume ]
Heavy metals + Minerals (ICP-MS) Biogas composition (CO,, O,, Ny, CH,)
VEA/TIC Hydrogen sulfide (H,S)
I
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KEY

PERSONNEL

Mel
Kurtz

For for’ry four years, Kurtz has founded, directed, and opero+ed several businesses from start up fo
millions in annual sales Jrhrough effective business |o|orming, creative sales Jrecl'miques, and innovative
morkeﬂng His occomp|is|'1men+s include initiating We||—|o|onneo| and executed acquisitions and
mergers. Prior to founding quasar, Mel spent fifteen years managing a compost operation. W hile
managing the Kurtz Brothers Compos+ Services, Inc, Mel monoged the |orges+ in-vessel compost
foci|i’ry for biosolids in the U.S,; this foci|i+y sold 90,000 cubic yoro|s of compost omnuo”y. Kurtz is
currently the Chief Executive Officer at quasar energy group. Kurtz has been at quasar since its

fou nding in 2006.

Steve
Smith

Steve is responsib|e for finding and assessing finoncing opﬂons for all fifteen of quosor's anaerobic
digesﬁon systems. Smith consis+en+|y finds finoncing options fo meet diverse client needs, inc|uo|ing
grant Funding, pub|ic/privo+e poererships, and low-interest loans. Since starting at quasar, Smith
is responsible for securing over $6.5 million of USDA Rural Energy for America Program funds
and $1 million in USDA NRCS Conservation & Innovation Grant fu nding. He has over erenfy-l(ive
years of experience in the financial ino|us’rry. Smith manages financial due di|igence with regords
to energy value, tip fee, and operations and maintenance costs.

Alan

Johnson

Johnson has more than 30 years of experience in business startup and monufoc’ruring hoving held
positions in industrial engineering, quc1|i+y control, and morkeﬁng, among others. Johnson has been
with quasar for seven years, where he manages high-prome clients and oversees due o|i|igence
efforts on all o|eve|opmen’r based projects. Alan has led engineers in a number of innovative
chonges in design to opﬁmize p|cm+ pen(ormonce based feedstock specific concerns. Alan works
closely with quasar’s internal construction team to ensure the on-time and within budget projects
on all of quosor‘s facilities. Johnson is @ professionod engineer in 13 states inc|uding California.

Monte
King

Monte has constructed eleven of quasar's anaerobic digesﬁon facilities during his five years with
the company. King has proven expertise in the construction of all quasar facilities. He c|ose|y
collaborates with |o|cm1' operators to ensure that diges+er construction and design are procﬁc0| when
compored operoﬁono| know|edge. Monte consis+en’r|\/ delivers ’rurnkey sysfems to clients under
budge’r and on schedule. Throughou’r the deve|opmen+ process, King works with Civil, Mechanical,
and Industrial engineers to produce engineering drowings and cost effective solutions for each
unique customer. King has opﬂmized quasar's Jrec|’1r1o|ogy for processing wastewater treatment

biosolids.

P o —————————
L ' {
ofe b 8

@

quasar

energy group

6



KEY

PERSONNEL

Mark
Suchan

Over Suchan’s tenure with quasar, he has been involved in all aspects of project deve|opmen+
from conducﬁng due o|i|igence to managing diges+er health. Suchan has experience Working both
in quosor‘s in-house |oboro+ory and sourcing feedstock from municipo| clients to fill anaerobic
digesﬁon systems. Suchan'’s know|eo|ge of anaerobic digesﬁon system feedstock results in op+imo|
performance of quasar’s systems. During his time as lab manager at quasar (2010-2011), Mark
worked c|ose|y with Ohio State University personne| o deve|op advanced anaerobic diges’rion
technology for optimized energy production from biomass. Suchan'’s current responsibilities include
sourcing feedstock for all of quasar's diges+ers and managing residual effluent for beneficial use.
Suchan has over ten years of experience with bioso|ids, food waste, and Fo’rs, oi|s, and grease
(FOQG) feedstock and the associated energy value, nutrient mokeup, and effluent concerns.

Yebo
Li

Dr. Yebo Li is the Vice President of Technology at quasar energy group. His current research and
development focuses on the conversion of waste streams to fuels and chemicals via anaerobic
digesﬁon. His research and deve|opmen+ efforts focus on enhanced biogos proo|uc+ior1, biogos
upgroding to transportation fuels and chemicals, effluent utilization and odor control. He is devoﬂng
most his time on the commercial produc’rion of bioenergy. During his career at The Ohio State
University, Dr. Li received more than $12 million in research and training grants from the U.S.
Department of Agriculture, U.S. Department of Energy, and industry. Dr. Li has published more
than 130 peer reviewed journal articles with more than 4700 citations. Dr. Li has authored two
books on bioenergy and bio-based po|ymersA Among other awards, Dr. Li received the 2012 Rain
Bird Engineering Concept of the Year Award from the American Society for Agricu|+uro| and

Bio|ogico| Engineers

Dave
Baran

Dave Baran is a core member of quosor's project deve|opmen+ team and is responsib|e for
business deve|opmen’r, due di|igence on new projects, and preconstruction project management.
Since joining the firm in 2014 Dave has played an active role in developing numerous facilities
in new geogrophies. Baran comes from a bockground in management consuHing where he
monoged projed‘s and advised clients in renewable energy, environmental services and industrial
monufoduring clientele. He also has international experience, hovmg worked in Noirobi, Kenyo
with a sanitation, composting and waste to energy social enterprise.
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PROJECT

EXPERIENCE

Faci|i+y Project Descripﬁon Opz'::"eonal Feedstock Energy Use quasar Project Role
i
: N o Feasibility, Design/Build,
Buckeye Biogas Greenﬁe;cl ,delgeShOH 2010 B|oso|;d/s',:éogo| CHP/CNG Commission, Biomass
actity waste Sourcing, O&M
. ) ) L Feasibility, Design/Build,
Zanesville Energy Greemcle;d Aﬁudlgeshon 2010 Blosotd/s",:l:oogd CHP/CNG Commission, Biomass
acuty weste Sourcing, O&M
Greenfield agricultural Manure, Food Design/Build, Commission,
Agreen Energy digester 20l waste/FOG e Staff Training
. . Greenfield ADS and Biosolids, Food Feosibih’r}/,ADesigAn/Bui|0|,
Collinwood BioEnergy 2012 CHP Commission, Biomass
thermal treatment waste/FOG )
Sourcing, O&M
Central Ohio ADS and thermal Biosolids, Food Feosibih’r}/,‘Design/Buﬂd,
BioE breat ; 2012 te/FOG CHP/CNG Commission, Biomass
ioEnergy reatmen waste Sourcing, O&M
’ . . . ) Design/Bui|o|, Commission,
Haviland Energy Greazificle 'c.odlgeshon 2012 Biosolids, Food CHP Biomass Sourcing,
facility waste/FOG o
Staff Trommg
) ) Feosibih’ry, Design/Buﬂd,
T.|’1ree Creek Codigestion at WWTP 2012 B|oso||d/s',:<f:)ogd CHP/CNG Commission, Biomass
BloEnergy waste Sourcing, O&M
. Greenfield food waste Food waste/ Feosibihfy,'Desig'n/Bui|0|,
Buffalo BioEnergy ADS 2013 FOG CHP Commission, Biomass
Sourcing, O&M
Wooster Renewable Digesfer retrofit ot 0013 Biosolids, Food CHP Design/Bui|d, Commission,
Energy WWTP waste/FOG Biomass Sourcing, O&M
Economic development o
Village Green project at old airport, 0015 B|oso|+|d/s'£(|:)cé>d CHP Feasibility, Design/Build,
Brunswick Landing including digestion, wc:seem . ' Commission, Staff Training
Class A, dewatering p1ag
: . . ) Design/Bui\d, Commission,
Dovetail GdrAeemtleH OngCUHWOl 2015 Biosolids, Food CHP Biomass Sourcing, Stoff
igester at hog farm waste/FOG o
Training
. . . . Design/Buﬂd, Commission,
Ring|er Greenfield agricultural 0013 Biosolids, Food CHP Biomass Sourcing, Stoff

digeerer at hog farm

waste/FOG

Troining
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PROJECT

EXPERIENCE

Construction Phase)

" . . Date )
Facﬂlfy Project Description Opera+iona| Feedstock Energy Use quasar Project Role
Biosolids, Food
Greenfield digester for waste/FOG Feasibility, Design/Build,
Niagara BioEnergy economic development 2013 (currently only CHP Commission, Biomass
project food waste/ Sourcing, O&M
FOG)
Diges’rer at lime- Biosolids, ood o ) )
taminated site waste/FOG Feasibility, Design/Build,
Lime Lakes Energy Focro|r;nc| eclamation 2013 (currently only CHP Commission, Biomass
? 0+ “ food waste/ Sourcing, O&M
projec FOG)
Campbell's Soup Digester rep‘oir and 0017 Food waste cup Design/Build, C‘or'nmission,
Company retrofit Staff Training
| Lucas County Digester retrofit at 2018 Biosolids, Food chp F?jﬁ”r:?;is:sgz/ﬁ:id’
~ (Construction Phase) WWTP (anticipated) waste/FOG Sourcing, 51_0;(]( Training
EORWA Digester retrofit ot 2018 Biosolids, Food CHP oncjﬁiln:?;i?:sggfssild'
(Construction Phose) WWITP (cmﬂcipofed) waste/FOG Sourcing, Sfo;qf Training
Alliance Class A 0018 Feosibih’ry, Design/Bui|o|,
(C Fruch Ph ) |mp|emen1‘o’rion at (anticipated) Biosolids Boiler Commission,
enstruction Fhase WWTP anficipare Staff Troining
Dairy Digester ' ‘ o . ‘ '
) ricultural greenfie anure, Foo ipeline easibility, Design/Build,
(Private Devel ' Agricultural g field 2018 M Food RNG Pipel Feasibility, Design/Build
rivate eveoper; digester (anticipated)  waste/FOG Injection Commission

)
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PROJECT

PROFILES

Wooster Renewable Energy - Wooster, OH
The City of Wooster Wastewater Treatment Plant

Wooster Renewable Energy (WRE) is a custom designed
quasar Foci|i+y in’regro’red with a wastewater treatment
plant. The City of Wooster was facing hundreds of
violations regording solids hond|ing, pcrﬁc”y associated
with cm’riqucded, non Func’rioning anaerobic diges’rers. The
City's engineer recommended upgrcdes to the p|on+'s
biotower, influent pumping, FOG tank, primary seH|ing
tanks, and gravity thickener, estimated at $7.4 million;
however, the engineering feam was unable to determine
if these upgrodes would allow the p|on+ to operate in full
NPDES compliance and recommended further studies
ofter upgrodes were comp|e’re.The City of Wooster turned
to quasar fo provide a functional, economical solution to
return the p|an’r to EPA comp|iance. quasar’s upgrodes
fulfilled the plant's NPDES permit requirements in under
$7 million in cost to the City of Wooster. quasar entered
a 20-year public/private partnership with the City,
coni‘ribui‘ing copi’ro| funds to the project and comp|e+ing

construction in 14 weeks. WRE processes 100% of the
City's wastewater s|udge and creates over 100% of the
electrical energy required by the p|on+. Power generation
at quasor's foci|i+y has been so reliable and successful, the
Ciiy of Wooster invested in additional infrastructure to
wheel power to other city owned bui|dings in the summer
of 2015. S’rori‘ing in summer 2015, energy genero+ed
at Wooster Renewable Energy supports 100% of the
wastewater p|0n+ needs and the needs of the water
p|on+, located across the street.

Feedstock Accepted: Wastewater sludge, food waste,
FOG

Ownership Structure:  WRE was a pulo|ic/privo+e
pori‘nership between the Wooster and quasar energy
group. quasar owned and operoi‘ed the Foci|i+y until the
City of Wooster purchosed the p|on+ in 2016.

Awards Received/Public Recognition: WRE was awarded
the municipc| Biogcs Project of the Year by the American
Biogas Council for the facilities ability to digest biosolids,
food waste, and FOG at a rate that is five times the Ci’ry's
origino| Jrhroughpu’r capacity - in addition to generating
electric in excess of the p|on+'s needs. Wooster Renewable
Energy was awarded a $500k USDA REAP grant and
a $750k USDA REAP loan in 2011. Projects are awarded
REAP Funding on the basis of technical merit, financial

Feosibih’ry, and environmental benefit.
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PROJECT
PROFILES

Central Ohio BioEnergy - Co|umbus, OH
In Collaboration with SWACO & Kurtz Bros,, Inc.

quasar, the Solid Waste Authority of Central Ohio
(SWACQO), and Kurtz Bros,, Inc. collaborated for the
construction and operation of the Central Ohio BioE nergy
(COBE) ADS. The system processes food waste, FOG,
and municipo| solid waste to produce IMW of electric
energy an hour or 3,600 gallons of gasoline equivalent
dci|y. Phase | of COBE was comp|e+ed in 2011. As a
result of the projec’r's success, Phase || was expcnded in
2013, which more than doubled the size of the Foci|i’ry.
The expansion was fully integrated into Phase | for a
total of 2,100,000 gc||ons of diges+er capacity. quasar’s
system design is modular and scalable, which allows for
full integration and expansion as needed.

Feedstock Accepi‘ed: Foodwaste, FOG, municipc||
biosolids

Collinwood BioEnergy - C|eve|onc|, OH
Owhned by quasar energy group

First commissioned as a greemcie|d in 2012, with an
expansion in 2013, Collinwood BioEnergy accepts
regiond| biosolids, food waste, and FOG. This Foci|i+y
has the capacity to process over 250 wet tons per doy
of material, and generate IMW of electricity. The site
also has a CNG fueling station that quasar utilizes
for it's natural gas fleet. The project transformed a
vacant urban brownfield site into a sustainable waste
management Foci|i+y.

Feedstock Accepted: Regional biosolids, industrial food

waste, and fats, oils, and grease
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PROJECT
PROFILES

Freestate Farms LLC- Manassas, VA

quasar has designed, c|eve|oped, and performed
extensive labwork on a 750k-gallon food waste-
on|y diges+er to be constructed in Manassas, \/irginc.
Freestate Farms will be integrating the diges+er with
composting and greenhouse operations. Because of the
high s+reng’rh nature of the food waste on|y feedstock,
quasar's |cboro+ory performed several pi|o’r cliges’rers
to he|p the client to Fu”y understand the opero+iono|
parameters heeded to maintain the Foci|i+y. quasar also
has performed in c|ep1'|'1 financial onc|yses to understand
the best use of the cliges’rer biogos and the characteristics
of the effluent fo”owing digesfion. quasar anticipates
construction of this fccihfy in 2018. When opero+iono|,
the p|c1n+ will produce neor|y MW of e|ec+rici+y, used to
power and heat the diges’rer, compost, and greenhouse
operations.

Feedstock Accepted: Food waste and FOG

A TR

i)

Buffalo BioEnergy - Buﬁccdo, NY
Owned by Generate

Project Description: quasar's New York facility processes
40,000 tons per year of regiono| food waste and FOG
to produce e|ec+rici+y that is sold to New York State
Electric and Gas (NYSEG). We feel that this facility can
help to serve as a model for Organic Energy Solutions,
as itis cu rren+|y operating as a food waste on|y diges’rer.
quosor's |oborc+ory has used this Fcci|i+y to optimize the
dosing rates of micronutrients and alkaline stabilizers for
successful food waste diges+er operation.

Feedstock Accepted: Food waste and FOG
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PROJECT
PROFILES

GreenA Energy - Rutland, MA

Project Description: AGreen Energy selected quasar
energy group to design and construct an anaerobic
digestion system on site at Jordan Dairy Farm in
Rutland, MA. The diges’rer processes manure from the
host farm and source separo+ed organics provided from
Casella Waste Systems. The diges+er was comp|e+ed in
2011 and is the first commercial digester in the State of
Massachusetts. The diges+er supp|ies 100% of the farm's
electric needs and exports excess power via virtual net
metering to neorby universities and food manufacturers.
This Foci|i+y has 550k go”ons of diges+er capacity and
produces 500kW. The Rutland ADS combined heat
and power (CHP) unit boasts a 98% uptime and
consisfenﬂy produces energy at 90% of CHP capacity.

Feedstock Accepted: Dairy manure, foodwaste, FOG

Ownership Structure: AGreen Energy is 100% owned
by Vanguard Renewables. quasar energy group
provides remote O&M via SCADA technology from

its’ corporate offices.

Zainsville Energy - Zcinsvi”e, OH

Project Description: Zanesville Energy uses innovative
Jrec|’mo|ogy to combine qucsor's |iquid digesHon process
with solid state anaerobic digesﬁon to accept feedstocks
ranging from O.5% to 85% solids content. This project
was comp|e+ec| Jr|'1roug|'1 a porfnership of quasar and
Ohio State University and was made possible, in part,
by an Obhio Third Frontier Advanced Energy grant.
Zanesville Energy has the obi|i’ry to Jrogg|e between
electric generation via CHP and CNG on an as-needed

basis at the on-site Fue|ing station.

Feedstock Accepted: Biosolids, food waste, FOG, other

organic wastes

Ownership Structure: quasar energy group

-
P

)
quasar

energy group




PROJECT
PROFILES

Buckeye BioGas - Wooster, OH
Buckeye Biogas is quasar's flagship digester in the BioHio

Research Park. The diges+er was built in collaboration
with OARDC, Ohio BioProducts Innovation Center,
USDA, and the Ohio Depor+men+ of Deve|opmen+,
among others. The system accepts 20,000 wet tons of
pumpob|e and high solids organic biomass onnuo”y and
has 550,000 gallons of digester capacity. The system
produces 5,525MW of e|ec+rici+y onnuc”y.

Feedstock Accepi‘ed: Municipc| solid waste, food waste,
FOG

Ownership Structure: quasar energy group

. r
Haviland Energy - Hovi|ond, OH

Haviland Energy is the result of a partnership between
Haviland PlasticnProducts and quasar. The system has
the capacity to process 42,600 wet tons of material
onnua”y and has 750,000 go”ons of diges+er capacity.
Electric energy generated in a IMW CHP is sold to the
neighboring Haviland Plastic.

Feedstock Accepted: Biosolids, regional food waste,
FOG, animal manure
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PROJECT
PROFILES

Three Creek BioGas - Sheffield Loke, OH

The Three Creek BioEnergy facility manages all of
the s|udge curren+|y produced at the French Creek
W astewater Treatment Plant and offers local businesses
a sustainable way to dispose of organic waste. This
Fcci|i+y has @ clesign capacity for managing 42,000
wet tons of organic waste annually and has 980,000
gallons of tank capacity. Electric energy is generated
in a IMW CHP. The plant also produces compressed
hatural gas (CNG) for Fue|ing vehicles and pipe|ine

quo|i1’y natural gas.

Feedstock Accep’red: Municipo| solid waste, food waste,
FOG

Ownership Structure: City of North Ridgeville & quasar
energy group

Lucas Coun+y Resource Recovery Fcci|i+y -

Waterville, OH

Lucas County has contracted with quasar energy group
to upgrode ifs existing anaerobic digesﬁon operations.
This project includes the addition of solids and liquids
receiving equipment to accommodate outside material
brougH to the p|cm’r, an additional feedstock tank, new
hydrouhc mixing systems, a Class A thermal treatment
system, gas storage, and increased energy generation
capacity Jrhrough two new CHP units. quasar has
completed the project design and construction has
recently commenced. The project is scheduled to be
comp|e+ec| in late 2018, at which time it will have the
capacity to process over 400 tons per c|c|y of material
and produce over 2MW of electricity, making the

water treatment Foci|i+y energy neutral.

Feedstock Accep’red: Biosolids, regiono| food waste,

FOG, animal manure

I
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