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Our question(s):

• Does it make sense to have resource recovery in 
wastewater treatment plants?

• Does anaerobic digestion make sense for food waste 
disposal?
–Is it better than other options
–Under what conditions
–At what scale
–Are there any trade-offs
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Study Objectives 
• Assess environmental and cost 
impact of:
–Expanding anaerobic digester 

(AD) capacity for food waste 
co-digestion.

–Installing combined heat and 
power (CHP). 

–Variable digester 
performance.

–Avoided waste scenarios.

Presenter
Presentation Notes
To answer these questions we analyzed an existing facility in Massachusetts. 23 MGD annual average flowrate.
They are in process of expanding AD capacity for food waste co-digestion, and installing CHP. 
We look at the effect of these upgrades on plant level environmental impact and cost (net present value), by comparing against plant performance prior to the upgrade. 
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Life Cycle Approach
• Assess cradle-to-grave impacts for all processes, 
products, and services associated with the system for the 
following metrics:

– Cost [U.S. Dollars 2016]
– Global climate change potential [kg CO2 equivalent (eq.)]
– Eutrophication potential [kg N. eq]
– Cumulative energy demand [MJ (renewable and non-renewable)]
– Particulate matter formation potential [kg PM2.5 eq.]
– Smog formation potential [kg O3 eq.]
– Acidification potential [kg SO2 eq.]
– Water use [cubic meters water]
– Fossil depletion potential [kg oil eq.]

• Standardize annual facility impacts to a functional unit basis of a cubic 
meter of wastewater treated.

Presenter
Presentation Notes
Check in with audience to gauge their understanding of LCA.
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Process Flow Diagram

Presenter
Presentation Notes
Plant is not operated to achieve nutrient removal.
Biosolids pellets are a desirable agricultural product.



Waste Scenarios Analyzed
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Scenario Waste Type Quantity (gpd)

All Scenarios Septage 80,000 
Municipal Solids* 8,000 

Scenario 1: Base 
(2016)

Primary & WAS 172,000
SSO -

Scenario 2: 50% 
SSO Capacity

Primary & WAS 179,000

SSO 46,000 

Scenario 3: 100% 
SSO Capacity

Primary & WAS 188,000

SSO 92,000 

Partial Capacity

Full Capacity

*Municipal Solids: Trucked in primary and waste activated sludge.

Presenter
Presentation Notes
The facility is in the process of adding a 4th digester to accommodate the SSO.
They have already begun accepting SSO and are now taking in 20,000 gallons per day.
GPS-X was used to model the treatment plant, estimating effects of the SSO supernatant return on primary and secondary treatment processes.
SSO is a high strength engineered bioslurry. 200-300,000 mg COD/L with highly degradable solids.



Septage, Primary Sludge, WAS 
and SSO Characteristics

6

Characteristic
Feedstock

UnitSeptage1 Trucked Municipal 
Solids2 SSO3

TSS 15,000 22,500 137,000 mg/L
VSS 10,000 16,500 124,000 mg/L
VSS/TSS 67 73 90 %
Total 
Nitrogen 750 600 3,800 mg N/L
Total P 375 210 620 mg P/L
COD 17,000 29,000 216,000 mg COD/L
Density 1,020 1,030 1,050 kg/m3

1 (U.S. EPA 1984)
2 (Tchobanoglous et al. 2014), assumes 67 percent primary solids and 37 percent WAS by mass.
3 personal communication with Lauren Fillmore

Presenter
Presentation Notes
SSO is an engineered feedstock.



AD Performance Scenarios
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Base AD Performance Low AD 
Performance

Description Base Partial 
Capacity

Full 
Capacity

Partial 
Capacity

Full 
Capacity Unit

VS reduction
55% 69% 72% 61% 

[-10%]1
63%  

[-11%] 1 of influent VS

Biogas yield
17.4 18.4 18.5 15 

[-18%] 1
15 

[-18%] 1
ft3/lb VSS 
destroyed

Biogas, methane 
content 59.2 59.4 59.9 59.4 59.9 %  v/v

Fugitive methane 
loss 5% for all scenarios of total

Biogas production
413 1,170 1,870 840 

[-26%] 1
1,340

[-27%] 1
thousand 
ft3/day

Flared biogas 20% 10% 10% 20% 20% of biogas prod.
1 [Decrease in Low AD parameter value, relative to base scenario]

Presenter
Presentation Notes
The analysis includes 2 AD performance scenarios that vary: VS reduction, biogas production and flaring rate.

CDM Smith Estimate Biogas Production Estimates:
Current: 390,000 ft3/day
Full Capacity: 1,300,000 ft3/day (low AD performance scenario), max 14 day is 1.9 million cf
Low AD VS reduction: assumes 50% reduction for municipal solids and 70% reduction for food waste, as opposed to 55 and 79% for the base scenario, respectively. 



Cumulative Energy Demand 
(Base AD Results by Process Category)
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DRAFT

Presenter
Presentation Notes
Avoided electricity produces the largest benefit in terms of reducing cumulative energy demand, followed by avoided natural gas production/consumption.
Avoided SSO process also contribute a considerable reduction in CED.
Base results presented here include the estimated avoided waste processes in Massachusetts, circa 2016.
CED of the combusted biogas is excluded from the analysis, as it enters  the facility as waste product. CED measures energy extracted from nature.
The figure includes “purchased” electricity and “avoided” electricity for all options yielding a net energy demand.



Cumulative Energy Demand 
(Base AD Results by Treatment Group)
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Presenter
Presentation Notes
This figure more clearly shows the energy dynamics occurring across scenarios. In particular the increase in energy demand associated with pellet drying and sludge dewatering that accompanies the AD expansion. Low AD performance scenario reduces the magnitude of the benefit as compared to the base scenario, but the trend is still downwards. 



Energy Production vs. Use
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Energy Indicator Base
Partial 
Capacity

Full 
Capacity Units

Biogas energy 
recovery1 78% 81% 71% of produced 

biogas energy
Electricity demand 
satisfaction - 80% 100%2

of total facility 
demandHeat demand 

satisfaction 79% 100% 100%

1 Includes energy loss associated with fugitive biogas/methane.
2 The facility produces approximately 6.1 GWh of excess 
electricity annually.

DRAFT

Presenter
Presentation Notes
Waste is attributable to fugitive losses (5% across the board), biogas flaring and production of excess thermal energy.

Biogas energy recovery decreases in the partial and full capacity scenarios ,because of the excess thermal energy that is produced that currently has no productive application (i.e. it is wasted).



CED Take-Away Message
• Full Capacity-Base AD scenario makes the 
facility a net energy producer.

• Avoided electricity production is the largest 
contributor to reduced energy demand.

• Avoided SSO disposal leads to increased 
CED. 
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Presenter
Presentation Notes
Increased secondary aeration requirements were estimated based on increased BOD loading from GPS-X. Yields a 3-6% increase over baseline.




Global Climate Change Potential
(Base AD Results by Process Category)
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Presenter
Presentation Notes
Largest benefit is attributable to avoided natural gas combustion
Considerable benefits from avoided electricity production and SSO disposal (landfill and WTE). Avoided product credits lead to decreasing net impact. 
Decrease in net impact despite considerable increases in GWP on the positive side of the y-axis. 
Most notably we see increased unit process emissions, mostly from fugitive digester emissions. Impacts from transportation and onsite combustion emissions also increase. 
Onsite electricity use increases by approximately 17%, although it is not particularly apparent in this figure. 
Land application is not really showing up.




Global Climate Change Potential
(by Treatment Group)
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Avoided EOL Process Sensitivity
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DRAFT

Presenter
Presentation Notes
Just over 4 kg of food waste are diverted from the landfill for co-digestion per m3 of wastewater treated. 

Net GCCP results for the WWTP are strongly dependent on the avoided waste treatment process. Avoiding landfill disposal of food waste, and attendant GHG emissions, leads to a significant reduction in GCCP per m3 of wastewater treated. Diverting food waste to AD from WTE combustion produces a net reduction in GCCP at the GLSD plant, given the current efficiency of WTE combustion in the state of MA. Assumes that thermal energy from WTE facilities does not avoid natural gas combustion. 



Climate Change Take-Away Message
• Clear GCCP benefit from acceptance of SSO.

–Particularly compared to landfill disposal.
• Diverting food waste from WTE production 
yields a net reduction in GCCP impact, despite 
GCCP benefit associated with WTE 
combustion.

• Avoided natural gas and electricity 
consumption and EOL disposal all contribute 
considerably to reduced GCCP.
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Eutrophication Results
(by Treatment Group)
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Presenter
Presentation Notes
Full Capacity-Base AD scenario increases eutrophication impact by 20%. Low AD scenario assumes that 80% of N in SSO is returned in supernatant (i.e. worst case), yielding a 30% increase in eutrophication potential.



Analysis of Effluent Response to 
20,000 gallons of SSO
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Presenter
Presentation Notes
No statistically discernible affect on Ammonia or TP effluent values when accepting 20,000 gallons per day.

4.5 times less SSO than the Full Capacity scenario however.



Other Environmental Results

• AD expansion yields potential reductions in 
environmental impact for acidification (acid rain) 
potential and particulate matter formation potential 
(human health indicator).

• AD expansion yields potential environmental 
benefits in fossil fuel depletion, smog formation 
potential and water use.
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Cost Analysis Results
• Indicate a 7 and 14 year payback period for the 
investment in AD and CHP systems for the full and 
partial capacity scenarios.
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Presenter
Presentation Notes
Reduction in operation expense is due to fee revenue. 



So, does it make sense?
• Yes, if steps are taken to control effluent nutrient 

concentrations.
–Model appears conservative based on available effluent 

data. 
• Yes, water resource recovery facility can be a net energy 

producer.
• Anaerobic co-digestion leads to reduced, plant GCCP and 

CED.
–Trend is always towards decreasing impact as co-

digestion increases.
–Magnitude of decrease is sensitive to avoided treatment 

processes and AD performance
• Life cycle cost analysis indicates reasonable payback 

period at this scale.20

Presenter
Presentation Notes
Does anaerobic digestion make sense for food waste disposal?
Is it better than other options 
Under what conditions
At what scale: Looks good at this scale
Are there any trade-offs: For this plant, eutrophication. Could change plant operation to utilize anoxic basin with some of the electricity production. 

LCCA analysis did not clearly demonstrate economic feasibility at 1 MGD scale. 

Revenue assumptions are realistic and quite low in the current analysis.



Disclaimer
This research was part of the U.S. Environmental 
Protection Agency (U.S. EPA) Office of Research and 
Development’s Safe and Sustainable Water Resources 
(SSWR) Program. The research was supported by U.S. 
EPA contract EP-C-16-0015 to Eastern Research 
Group, Inc. Although the information in this document 
has been funded by the U.S. EPA, it does not 
necessarily reflect the views of the Agency and no 
official endorsement should be inferred. 
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Contact
Ben Morelli

ben.morelli@erg.com

Sarah Cashman
sarah.cashman@erg.com

Cissy Ma
ma.cissy@epa.gov
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Key Environmental Assumptions
• 5% of produced biogas lost as fugitive emissions
• Flaring rate (currently between 10 and 20%)
• CHP efficiency

–Electrical efficiency: 40%
–Thermal efficiency: 39%

• Biogas Use Hierarchy
–Flared fraction
–Second satisfy pellet drier demand
–The rest is sent to CHP

23
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