
Energy Generation through Anaerobic 
Digestion 

Douglas L. Smith Middle Basin Treatment 
Plant 

August 19, 2015 

Protecting our environment, Serving our customers,  
Enhancing our communities 



 

2 

Presenter
Presentation Notes
JCW serves the southwestern corner of the Kansas City metro area in Johnson County Ks.  
Located in Johnson County, KS
Established in 1945
Serves population approaching 500,000
Seven wastewater treatment plants
Capacity to treat 70 MGD; send ~11 MGD to other municipalities to treat
Over 30 pump stations and 2200 miles of sewer




Power Consumption 

• Residential electricity consumption  
–910 kW-hr (monthly average) 
*US Dept. of Energy 

 
• Middle Basin electricity consumption 

–1,400,000 kW-hr (monthly average) 

Presenter
Presentation Notes
.  
Let’s start with a question…Why does JCW care about power generation?  Our core business is transporting and treating wastewater and returning the cleaned water to the stream
To provide a basis for our question, the average household in the US uses 910 kW-hr per month according to the Dept of Energy
Compare that to the average monthly consumption at Middle Basin of 1.4M kW-hr
That’s over 1500 times more power…but that’s not a fair comparison…let look at it in terms of how much energy to treat wastewater for an average household, MB serves ~145,000, that works out to be nearly 10 kW-hr/month per person or 30 kw-hr/month per household.  

What does that translate into in dollars?  At Middle Basin, we were rapidly approaching $1M/year….power costs were ¾ million dollars per year and we added BNR treatment, which had resulted in about a 30% increase in power at our Blue River facility

Power is in the top 3 O&M budget items for JCW.  



Energy in Wastewater 

Presenter
Presentation Notes
Believe it or not, the energy contained in wastewater exceeds what is needed to treat it by nearly 10 times as reported by WERF.

Comes in the form of thermal, hydraulic or chemical (energy stored in organic chemicals) We just don’t have the technology to harness that energy either cost effectively or all.

But the significantly increasing power costs and the available energy in wastewater drove us to look deeper.



Douglas L. Smith  
Middle Basin (DLSMB) 
Wastewater Treatment 
Plant 
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• 14.5 MGD (Design 
Annual Average 
Capacity) 

• Biological Nutrient 
Removal Treatment 

• Digestion with Class B 
biosolids, land 
application 
 

Presenter
Presentation Notes
Let’s roll back to 2006/7  when JCW was expanding the Middle Basin treatment plant to treat 14.5 MGD.  
Located next to a hwy and major city street with offices and a hotel on the north
Note there is also a streamway park and residential  development  just east of the plant; JCW must be sensitive to neighbors  for any changes or additions to the plant site.  This includes odors and aesthetics.  
In 2009, we completed a 2-year long construction project expanding the plant capacity and added capability to remove nutrients through biological nutrient removal to achieve goals of 8 and 1.5 TN and TP

This plant also processes biosolids, which are beneficially used on cropland.  With the expansion of liquid treatment at the plant, a solids expansion was also needed.  This is where our energy project began.  



DLSMB Solids Improvements Project 
Objectives  

• Increase Anaerobic Digestion Capacity 
– WWTP capacity increase from 12 to 14.5 mgd 
– Truck in thickened solids from other WWTPs 

• Capture Energy in Solids 
• Reduce Greenhouse Gas Emissions 
• Lower Purchased Electrical Power Costs 
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Increase solids handling capability while 
decreasing carbon footprint 

Presenter
Presentation Notes
Needed solids expansion to match liquids expansion; desired to bring solids from other facilities to MB, trucks drive by MB to other JCW facility for solids handling
JCW currently previously used the methane to heat the digesters and for building heat, but flared the rest
Support County GHG goals; JoCo signed onto NACO GHG reduction goals in 2007
Included reducing GHG emissions by 1/3 by 2020
Reducing GHG from energy use in County buildings to zero by 2030
Reducing county-wide GHG emissions by 80 % by 2050.
MB currently uses nearly $1M/ year in electricity.  BNR, which was recently added as part of the liquids expansion, increases electricity usage by about 30% in our experience.




Project Components 
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Cogeneration 
Units 

Gas Storage 
Bubble 

FOG Waste 
Receiving Station 

Gas Cleaning 
System 

Flares 

Digester 

Digester 
Mixing 

Odor Control 

Presenter
Presentation Notes
Digester & pump mixing
Cogeneration System
Gas Cleaning
Gas Storage
New Flares
FOG Receiving
Odor Control




 

Douglas L. Smith Middle Basin Treatment Facility
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Digester 
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FOG
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Presenter
Presentation Notes
This is a simple schematic of the MB treatment plant.  Disclaimer…I am not a graphic artist…so this is very simple.  The blue shapes are the liquid treatment.  Excess solids from the liquid treatment are removed from the process and sent to anaerobic digesters.  The green shapes are part of the solids expansion project.  We had 3 existing and added one new digester.  we added a combined heat and power or cogeneration system to generate power to be used at the treatment plant.  What drove the economics in adding the cogeneration system, however, was the receipt of FOG waste or fats oils and grease and other high strength wastes.



FOG Waste, Normally an Issue, Offers High-
Energy Feedstock for Digesters  

• Johnson County Grease 
Permitting Requirements 
– Applies to Food 

Service 
– Requires Grease 

Interceptors  
– Requires Annual 

Permit 
– Requires Maintenance 

and Pumping (every 
90 days minimum) 

– Record Keeping 
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Presenter
Presentation Notes
JoCo Env established aggressive grease program in the mid 90’s to support keeping grease out of sanitary sewers
See picture and grease lining the pipe walls
Program requires restaurants to obtain a permit and install grease interceptors; required pumping and record keeping
Haulers are also required to be licensed in JoCo, record keeping is required



Estimated Available High-Strength 
Organic Wastes in Johnson County 

• Restaurant FOG Waste 
– Grease Interceptor 
– 2.2 million gallons per year 

• Food Processing Industries FOG Waste  
– Margarine, salad dressing, mayonnaise, and related 

sauces  
– 2.1 million gallons per year 

• FOG Waste Receiving Facility Sizing 
– Assumed 75% of all FOG waste generated in Johnson 

County will be received 
– 12,400 gpd, annual average (3-4 trucks per day) 
– 30,000 gpd, peak  
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Presenter
Presentation Notes
Great deal of FOG waste generated in JoCo every year.  

In 2007, industrial FOG waste was estimated at about 2.1MG, but some moved to dewatering to reduce haul costs and current estimates are about 1.5 MG per year
Later private industries also vied for industrial FOG



• Visited California Sites 
• Obtained Information from Gryaab Rya WWTP, 

Gothenburg, Sweden – cold climate operations 
 

• Key Observations for Middle Basin Project 
– Above ground storage, more user friendly 
– FOG waste not as difficult to manage as originally thought 

 

FOG Waste Receiving Station Based on 
Successful Facilities  

Redwood City California 
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Started with a very engineered 
approach; ended with a much more 
operator friendly design 

East Bay MUD Millbrae, CA Graab Sweden 

Presenter
Presentation Notes
Since JCW had no experience with FOG handling, we had concerns with handling and odors.  
Visited sites w/ successful FOG operations, included operators from the plant
First pic – similar to the pre-design concept
Second pic – EBMUD also had below grade storage, but cleaner offloading and odor control
Third pic – above ground, easy unload, better access to equipment
Fourth pic – cold weather climate, put tanks in a building
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Middle Basin  
FOG Waste Receiving Station 

FOG Storage 
Tanks 

Heat  
Exchangers 

Digester Feed Pumps 

Influent/Mixing Pumps 

Odor 
Control 

Presenter
Presentation Notes
Explain layout


Equipment
Quantity
Parameter
Influent/Mixing Pumps
2
300 gpm @ 
20 ft TDH
Heat Exchangers
2
513,000 Btu/hr
FOG Storage Tanks
3
15,000 gallons
Digester Feed Pumps
2
3 to 30 gpm 
@ 40 ft TDH
dor control is biotower with activated carbon polish



 
 FOG Receiving 

Presenter
Presentation Notes
Pictures of FOG, tanks, chopper pumps, heat exchangers, feed pumps (below grade), Truck unloading at the building

We continue to learn and refine the design.  For example, we are getting ready to improve the mixing in the tanks.  We found after taking them down to inspect recently that the good stuff, the grease was mostly floating on top or piling up on the bottom in a cones…




High Strength Industrial FOG 
Material 
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Presenter
Presentation Notes
Picture of industrial FOG waste….from food manufacturer of salad dressing, mayo, and similar foods.

FOG system – starting up the FOG system and acclimated digesters to higher strength wastes was a learning process and done over a period of several months. We began with many burps in the digesters and added additional overflow piping to keep these burps in the digesters and not overflowing down the sides of the building




FOG Receiving 
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Presenter
Presentation Notes
Daily receipts varied from 2,000 to 28,000 gpd; storage tanks critical to level out digester feeding.
Over 3.1 million gallons of trucked in waste received in the first year of operation. 
Compare this to design estimate of 2.5 million [=75% of (2.2 million + 1.5 million)] after reducing industrial FOG wastes due to dewatering by industries.
In the last 12 months, FOG received was up to over 6M gallons total, mostly restaurant grease interceptor.  The material has less energy than industrial sources.  Many industrial sources have begun dewatering their high strength waste to reduce disposal costs.  MB cannot received dewatered FOG.  Have been other private companies that take this waste and convert to other fuels such as biodiesel 

Total FOG revenue 1st year = $217,000 (@7 cents/gallon)
FOG revenue in 2014 = ???




FOG Quantities Design vs. Actual 

Restaurant Grease 2.2 Million Gallons 

Food Processing 
Grease 2.1 Million Gallons 

Total Received 
(previous 12 months) 

6.1 Million Gallons 

Presenter
Presentation Notes
To review, we designed for about 2M gallons per year of restaurant grease and about 2M gallons per year of industrial FOG, we are getting 30% more…how does that translate to power?  



Anaerobic Digestion Process 

Raw 
Sludge 

Acid 
Forming 
Microbes 

CO2 + 
H2O 

Organic 
Acids 

Organic 
Acids 

Methane 
Forming 
Microbes 

CH4 
(Methane) CO2 

H2O, H2S, 
Other End 
Products  

Presenter
Presentation Notes
Before getting into the energy generation discussion, let’s review the anaerobic digestion process.  
Anaerobic means no oxygen
In the digesters, the raw sludge and FOG are coverted to methane gas in a 2-step process.
Other end products include siloxanes, which can harm engines



Cogeneration System 
Considerations 

• Combined heat and power (CHP) system 
• High-efficiency engines to maximize 

electricity production 
• Gas cleaning to reduce engine O&M costs 
• Containerized units to reduce capital 

costs 
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Presenter
Presentation Notes
JCW’s goal is to maximize electricity production and minimize flaring
Containerized units saved over $1M for the project.



Digester 
(Existing & 

New)

Gas Storage
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Cogeneration
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Biogas produced in Digesters to Gas Storage, Gas 
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Heat from 
cogeneration to 

building and 
FOG

Combined Heat and Power
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Utility Power

From Cogen
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Presenter
Presentation Notes
We pick up the combined heat and power system where we left of previously in the MB schematic starting with the digesters.  Methane gas produced in the digester process is captured and passes through a storage vessel, basically a wide spot in the line.  Then, passes through a series of gas cleaning vessels for moisture removal, hydrogen sulfide removal and siloxane removal, all of which can corrode the inside of an engine, shortening it’s life and increasing maintenance costs.  

After gas cleaning, the gas is sent to the engine generators where the gas is used as fuel to generate power.  The generators are connected to the plant’s power grid, of which there are two independent loops.  The incoming switch gear includes sensors which shut the system down should the utilty side lose power to prevent backfeeding the utility from the generators.

Heat is recovered from the engines through a heating water loop, and used to heat the digestion process, the FOG and the plant buildings.

If the generators are not running, however the gas is used to fire boilers which heat the water for the process and building heat and the rest is flared.  Flaring is something we want to avoid as much as possible since that is energy we are not using.



Digester Gas Production Key to 
Sizing of Cogeneration Units 

20 

848 kW 

1060 kW 

Two  
1060 kW 

633 kW 
Two 

633 kW 

Presenter
Presentation Notes
How did we decide what size our engines should be especially not knowing how much FOG we might receiving in the beginning?

Cumulative probability of digester gas production  to use for engine selection
Plot of gas production both with and without FOG
The ranges represent engine operation between 50 and 100% loading.  50% loading is the lowest loading for safe/efficient operation
633 – only utilizes narrow band of digester gas w/o FOG
2-633 – utilizes some gas w/ FOG
848, - utilizes digester gas w/o FOG
1060 – better range for digester gas and some FOG
2-1060 – better range for digester gas w/ FOG
10-17% time would need to supplement w/ natural gas if we wanted to run both at 100%



Multiple Configurations Provide 
Reasonable Life-Cycle Payback Periods 

Engine Number and Size 
Capital Cost      

($Million) 

Output (kW) maximized 
with supplemental natural 

gas 
One 848 kW engine 3.6 20.1 years 

One 1060 kW engine 3.8 17.0 years 

Two 1060 kW engines; 1 duty, 
1 standby 

5.9 16.6 years  

Two 1060 kW engines; 2 duty 6.7 18.2 years 

Two 633 kW engines; 2 duty 5.1 17.2 years 
21 

~11 years 

Presenter
Presentation Notes
Analysis for payback period from 2010 – 2030
Net discount 3%
Electricity costs escalated at 5% per year
Parasitic load of the generators – 35 kw/hr
Shortest payback scenario is 1 duty/ 1 standby
JCW chose to design for 2 duty to maximize power production, minimize flaring and maximize GHGs reduction

JCW desired an extensive payback analysis.
MB is a large power service with a complicated rate structure
It is important to understand your rate strucuture
Also, since this analysis was completed, rates have increased at double digits for the last five years.




Two Duty 1060 kW Cogeneration 
System Selected 

• Minimized Digester Gas Flaring 
• Minimized GHG Emissions 
• Best Coverage of Anticipated Gas 

Production Range 
• Maximized Electrical Power Output 
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Cogeneration Units 

Presenter
Presentation Notes
Cogen units 
Heat recovery
Dump radiators on top of containers
Tied into main switch gear for the plant
Two power feeds, one generator for each
Can also run in island mode if both power feeds are down



Gas Storage 
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Presenter
Presentation Notes
Gas storage 
Dual membrane
~5 hours gas storage
~60 feet diameter
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Total Digester Gas 7 per. Mov. Avg. (Total Digester Gas)

Foaming  Loss of 
HSW 

Digester Gas Production Increased with Addition 
of FOG Waste and Other High Strength Wastes 
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Digester 4 
Start-up Start FOG 

Addition 

Presenter
Presentation Notes
Following startup of new Digester No. 4 and the rehabilitation of the other digesters, FOG waste addition was started in early December. 
Gas production increased until large foaming events happened.  FOG feed reduced and at some points, stopped.  Through research, including a trip to a facility that takes large amounts FOG waste, we learned foaming happens, so after additional relief was provided from the primary digesters to the secondary digesters, FOG feed was resumed/increased.  Prior to producing this amount of gas, natural gas has been blended with the digester gas to run the engines at 100%, where they are most efficient.  While natural gas is an additional cost, it is currently still less than electricity for JCW.

If this graph were to continue, you would see gas production continuing to trend upward to over 400,000 cubic feet per day, which is the amount of gas needed to run one engine on digester gas only.  

Began increasing FOG feed and raising digester levels, which has been dropped during foaming.  Digester gas increased until January when one of the HSW sources stopped coming due to disappearance of a tax credit for corn ethanol plants when congress did not renew it.  

Since January/February, have been increasing the amount of solids from other plants to this plant, so gas production is approaching where we were in December.  

With the Fog, and hopefully other wastes, gas production is expected to nearly double from gas production rates without FOG wastes. 



Energy Stealing…. 

PRE-ANOXIC 

ANAEROBIC 

OXIC 

OXIC 

RAS 

HEADWORKS OR 
PRIMARY CLARIFIER 
EFFLUENT 

ANOXIC 

ANOXIC 

Zone 1 Zone 2 Zone 3 

Fermenter 

Presenter
Presentation Notes
Energy stealing….no, I’m not talking about copper…..I’m talking about energy embedded in the wastewater and the processes that steal it.

Biological nutrient removal requires carbon to drive the process.  At Middle Basin, this carbon source comes from solids wasted from the primary clarifiers, which has the most energy from the wastewater.  It is then fermented, basically carrying out the first set of reactions I showed you earlier to make organic acids.  These acids are like candy to the bugs needed to help us remove nitrogen and phosphorus.  But, this carbon is then not available to help produce more gas for power generation.  




Middle Basin WWTP Cogen 

• Capable, on average, 55% Electrical 
Usage 

• Actual, on average, 40% Electrical Usage 
– Engine & Gas Cleaning 

Maintenance/Reliability 

• Blend 
• Self-Produced Anaerobic Digester Gas 
• Purchased Natural Gas 



Gas Generation  

• Blended cogen fuel 2011-present  
– 40 – 85% Anaerobic Digester Gas 

• JCW TWAS 
• FOG 
• Other Organic Wastes 

– 15 – 60% Natural Gas (purchased) 

• Little to no blending last 6 months 
 

Presenter
Presentation Notes
Since the beginning of operation, we have typically been blending digester and natural gas. 



Reduction in Purchased Power 

Jan – July 2015 

Produced Power (kWh) 4,497,200 
Purchased Power (kWh) 5,736,500 
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•Meet 45% power demand with power generated on site, on average 
 

•Natural Gas supplementation utilized 



Energy Usage Comparison 
 

Higher Level of Treatment  
=    

Higher Unit Energy Usage 
WWTP Treatment kW-hr/mgd 

Mission Main Trickling Filters 1,040 

Tomahawk Trickling Filters 1,145 

Blue River BNR 2,700 

Turkey Creek/Nelson Trickling Filters, 
solids 

2,812 

Middle Basin BNR, solids  4,275 

Mill Creek Activated Sludge, 
lagoons 

5,374 

Presenter
Presentation Notes
Generally, what we see in our system, the higher level of treatment means higher unit energy consumption.
November 2010 – October 2014
Oldest Energy Data in New Database
4 Complete Years
Post Major Treatment Plant Upgrades/Expansions
Captures Major Energy Cost Increases




Energy Unit Cost 

• Increased Power Bills for All 
• 33% Unit Cost Increase in 4 Years 

– 8 ¼% Annual Average 

• + $0.02/kW-hr All Treatment Plants 
• +$0.04/kW-hr Middle Basin, exception 
• Co-Gen Impacts with Base Costs 

Presenter
Presentation Notes
In the last 4 years we have see over 8% per year.  Prior to these cost increases, we had seen double digit increases in power costs.



Mission Accomplished? 

• Solids for beneficial reuse 
– Increased from 40% to over 60% 

• Capture Energy in Solids 
– Digester gas production increased to operate 1 MW engine at 

100% 

• Reduce Greenhouse Gas Emissions 
– Reduced purchased power to 55% power demand, on 

average 
• Lower Purchased Electrical Power Costs 

– Reduced and avoided annual electrical costs up to 
and over $250,000 



Recent Projects-Help? 

• Recuperative Thickening Capability Added 
– By thickening the solids twice, gas 

generation potential increases 

• Phosphorus Recovery Evaluated 
– Help reduce/prevent struvite production in 

digesters and sludge piping 

33 

Presenter
Presentation Notes
Recuperative thickening – thicken once, feed digester, remove water by thickening a second time and increasing the active biomass to improve volatile solids reduction and convert it to biogas, without increase digester volume.  Can also be done by co-thickening, i.e., blending WAS with recycled digested biosolids under a max month loading condition

High level P Recovery study conducted.  Economics did not pan out, however modified dewatering design to accommodate future P recover



What Else? 

• High Strength Waste Market Study 
Planned 
– Source Review 
– Rate Structure 
– Dewatered FOG Receiving 

Presenter
Presentation Notes
More gas!
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Susan Pekarek 
Johnson County Wastewater 
 
Phone:  913-715-8553 
Email:  Susan.Pekarek@jcw.org 

Presenter
Presentation Notes


JCW will continue to look for ways to be more energy efficient.  Recently, we have looked at using CNG at other facilities where we could produce gas.  So far, the payback had not been there, even with higher fuel costs.  We also did a larger review of possible energy efficient technologies several years ago.  Many were not cost effective at the time, but as these technologies advance, costs will come down.

If you are considering adding energy generation to your facility, I encourage you to visit sites where it exists and talk to the operators.  Learn as much as you can…even then, there will still be issues unique to your facility and operations, as we found.  We continue to work through these and progress each and every day.  

Thank you for your time.
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