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Summary 

 

Energy is a high cost, imported commodity to most Alaskan utilities.  Biogas digester 

systems, which take organic material into an air-tight tank, where microbes break down the 

material under anaerobic conditions and release methane-rich biogas, may offer an alternative 

energy solution. Biogas can be burned as a fuel for cooking, heating, generating electricity and 

powering lights; and the liquid effluent can be used as organic compost. While small-scale 

biogas digesters are being used by thousands of households in India, Egypt, Costa Rica, and 

other warm-climate countries, seasonal limitation to biogas production is experienced in colder 

climates due to the shut-down of mesophilic (warm loving) microbial communities in winter. 

This project set out to improve the efficiency of biogas digesters under cold climate regimes by 

inoculating digesters with active-methane-producing psychrophiles (cold-tolerant microbes) 

readily available in Alaskan thermokarst (thawing permafrost) lake mud.  Psychrophilic 

methanogens, despite a temperature optimum of 25°C, still actively produce methane year-round 

at temperatures as low as 1°C, unlike conventional microbes.  

The objectives of this project were to:  Test the potential for cold-adapted microbes 

collected from an Alaskan thermokarst lake to improve biogas production rates at cold 

temperatures in existing anaerobic digester technology, produce a renewable and alternative fuel, 

reduce the release of harmful greenhouse gases, and implement dwelling-size applications to 

evaluate their acceptance and sustainability for wide spread application in Alaska. This project 

was a collaboration among the Cordova Electric Cooperative, the University of Alaska 

Fairbanks, and the Cordova High School science program.  

In Phase I of the two-year study, we used an experimental approach to compare biogas 

production rates from psychrophilic (lake mud) vs. mesophilic (manure) microbial consortia in 

six small, 1000-L household scale digesters under two relatively cold temperature regimes (15хC 

and 25хC). Phase II research focused on the utilization (the capture, compression, analysis and 

usage) of biogas produced during the project and assessment of this technology for application in 

Alaska.   

 We found that digesters containing psychrophiles were more robust to temperature and 

pH fluctuations. Among our experimental digesters, tanks containing psychrophile-rich lake mud 

produced more biogas (275 ± 82 L gas d
-1

, mean
 
± standard deviation) than tanks inoculated with 

only mesophile-rich manure (173 ± 82 L gas d
-1

); however, digester temperature appeared to be 

the overarching control over biogas production among all tanks.  Extrapolating the linear 

relationship between biogas production and mean digester temperature observed among our 

study tanks [Production (L gas d
-1

) = 34.35*Temperature (хC )- 432] to the temperatures 

typically used for biogas production in warmer climates (35-40хC), it is possible that our 

digesters would have produced 770-940 L gas d
-1

, a rate similar to that reported for warm climate 

digesters. Without knowing the temperature response from the microbial communities in our 

specific digesters, it is not possible to extrapolate these results with a high level of certainty; 

however, we can conclude that psychrophile-rich lake mud is a viable source of microbial 

inoculum for producing biogas at cold temperatures, albeit at only 28-56% of rates typical of 

warmer temperature regimes. Other benefits of the psychrophile-rich lake mud digesters included 

reduction of foul odor and a source of nutrient-rich, liquid organic fertilizer for growing plants.  

 Combining the observed biogas production rates with the long-term mean methane 

concentration of biogas collected from the digesters (~67% CH4 by volume), biogas had an 

equivalent BTU rating of  3,950-6,270 BTU per digester per day (mean) and 12,750 BTU per 

digester per day (maximum).   



2 
 

In Phase II of the project, we designed and implemented a new gas collection system 

suitable for small-scale applications in Alaska.  The system, based on a telescoping holding tank 

principle, is simple and easy to assemble in areas where elaborate mechanized storage and gas 

delivery systems are not available. The gas was collected from the primary digesters using the 

telescoping storage system and delivered for use in a variety of applications to demonstrate 

biogas utility as a source of combustion fuel. The most notable demonstration projects included 

the use of biogas as a cooking fuel with a cast iron single-burner stove, powering of a 4-cycle 

lawn mower engine, production of electricity using a converted gas-powered generator and use 

of digester effluent as liquid fertilizer in a student greenhouse project. 

 A Benefit-Cost Analysis and Sensitivity Analysis to assess the economic feasibility of the 

project showed that small scale biogas digesters are not cost-effective at the current prices of 

displaced fuels and electricity. Replication of the small, household-scale biogas digester 

technology is unlikely in Alaska due to the heat and energy requirements of maintaining 

digesters above freezing in winter, the time required for building and maintenance, and the 

relatively low energy yield. However, large-scale digester projects are becoming more 

widespread in the United States, Europe and elsewhere globally. Large-scale biogas operations 

may have potential in Alaska too in association with converting waste from fisheries into usable 

biogas and in landfill operations.  

The benefits of biogas technology are global. The collection and utilization of methane, 

one of the strongest greenhouse gases, prevents its release into the atmosphere. Waste streams 

often present a liability to communities by filling landfills and posing environmental hazards. 

The overall impacts of biogas technology include protection of the environment and the potential 

for reduced energy costs if implemented at larger scales.  
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1. Introduction   
   

1a) Background 

 

Anaerobic digester technology has been in use for hundreds of years for the making of 

high energy, methane-rich gas, known as biogas. Modern implementation of the technology is 

wide-spread throughout urban and rural communities in India and China, with emerging efforts 

in Africa and Europe gaining popularity in recent decades.  The technology is based on the 

biological production of methane by bacterial microbes, particularly methanogens, which 

naturally break down organic feedstock to produce methane in anaerobic conditions (without 

oxygen). This process can be observed in nature in bubbling methane seeps from lakes, peat 

bogs, and other organic-rich oxygen deficient environments (Walter et al., 2006).   

The basic concept behind a biogas digester is to create an ideal environment for a 

methanogenic microbial community, and then harvest the methane which it produces over time.  

As the microbeôs needs are minimal, a relatively simple technology develops: provided with an 

organic, water-logged, food substrate, the anaerobic microbes produce methane which bubbles 

out of the substrate into a collection vessel. This is opposed to aerobic microbes which consume 

oxygen and produce carbon dioxide as a byproduct of respiration. By collecting the gases vented 

from a biogas digester, useful work can be performed by diverting and combusting the gas in 

variety of conventional gas-powered devices. 

Temperature is a major restricting factor in biogas technology (House, 1978, Massé et al., 

1997, Gerardi, 2003).  Traditionally, ungulate manure containing mesophilic (warm-loving) 

microbes is used as a source of both methanogens and substrate. Each addition of manure to 

anaerobic digesters simultaneously supplies microbes and organic material, allowing conversion 

of organic matter to methane-rich biogas. However, the metabolism of mesophiles slows or shuts 

down at cold temperatures (usually below 20-25хC). This requires that digesters employing 

mesophilic microbes be stored indoors, heated, or retired in the cold season.   

If solutions to this temperature-limitation were achieved, biogas technology could prove 

an excellent alternative energy source for rural Alaskan communities which face particularly 

high fuel costs and have a per capita energy consumption rate over three times the national 

average (EIA, 2011). It is already known that psychrophilic (cold tolerant) methanogens thrive in 

cold lake bottom mud across Alaska and Siberia, producing methane year round. These microbes 

have been shown to produce strong methane seeps in thermokarst (permafrost thaw) lakes even 

in the middle of winter, at temperatures close to freezing (Walter et al., 2006, 2007).  With this in 

mind, this project set out to test the capacity of psychrophilic microbes collected from Alaskan 

thermokarst lake sediments to improve biogas production in existing small-scale digester 

technology under cold temperatures.   

In Phase I of the two-year study, we used an experimental approach to compare 

biogas production rates from psychrophilic vs. mesophilic microbial consortia in small, 

household scale digesters under two relatively cold temperature regimes (15хC and 25хC). Phase 

II  research focused on the utilization (the capture, compression, analysis and usage) of biogas 

produced during the project and assessment of this technology for application in Alaska.   
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1b) Project Goals and Hypotheses 

 

The objectives of this project were to: improve the efficiency of existing methane biogas 

digesters operating at cold temperatures by utilizing cold-adapted microbes from thermokarst 

lake bottoms, produce a renewable and alternative fuel, reduce the release of harmful greenhouse 

gasses, and implement dwelling-size applications to evaluate their acceptance and sustainability 

for wide spread application in Alaska.  

 

In experimental Phase I, we tested the following hypotheses:  

H1: Biogas production will be greater at tepid (25 °C) temperature than at cold (15 °C) 

temperature. 

H2: At any given cold or tepid temperature, tanks inoculated with cold-tolerant 

microorganisms (psycrophiles) from thermokarst lakes will produce more biogas than 

tanks inoculated with warm-loving microorganisms (mesophiles) in manure. 

H3: Despite psycrophiles having an advantage over mesophiles at cold temperatures, 

biogas production at cold temperatures (15-25 °C) will not be as great as at warm 

temperatures (35-50°C). 

 

Phase II Objectives: 

O1: Demonstrate the capture, storage and utilization of produced biogas to power 

household-scale appliances 

O2: Evaluate the technology with respect to the potential for its practical application in 

Alaska.  

 

1c) Project Team Personnel 

 

The project was administered through the Cordova Electric Cooperative, conducted 

largely on site at the Cordova High School with participation from students and their science 

teacher, and conducted by researchers at the University of Alaska, Fairbanks. Specific project 

participants included: 

 

Cordova Electric Cooperative http://cordovaelectric.com/  

 Clay Koplin, CEO ï Grant Administrator.  Koplin administered the financial aspects of 

the grant and served as a technical advisor to the project. 

 

University of Alaska, Fairbanks http://www.alaska.edu/uaf/cem/ine/walter/  

 Katey Walter Anthony ï Research Director.  Walter Anthony spearheaded the scientific 

goals and directions of the project.  She provided scientific expertise and project management, 

and contributed to data analysis, interpretation and report writing. Anthony led preparation of the 

Final Report.  

 Casey Pape ï Primary Research Technician. Pape worked both extensively on-site in 

Cordova and from Fairbanks maintaining the digester experiment, including data collection, 

analysis, and troubleshooting.  Pape contributed substantially to the preparation of the Final 

Report and led preparation of most other reports.  

Laurel McFadden ïResearch Technician.  McFadden, served the project as Research 

Technician from the start of the project until August 2010 and led preparation of the Biogas 

Handbook for Alaskans.  

http://cordovaelectric.com/
http://www.alaska.edu/uaf/cem/ine/walter/
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Dane McFadden ï Project Intern. McFadden, a Stanford University undergraduate 

student, helped maintain digester performance during August 2010.  

 Peter Anthony ï Research Technician.  Anthony helped set up the project in Cordova, 

provided technical expertise to the maintenance and application of digesters, and conducted gas 

chromatography analyses.   

   

Cordova High School http://blogs.cordovasd.org/chs/  

 Adam Low ï Science Teacher.  Low was integral in realizing student involvement via 

classroom curriculum and extracurricular projects.   

 Cordova High School Students ï Volunteers.  The students of Cordova High School were 

highly involved with construction, feeding, maintenance, demonstration of the use of biogas in 

science fair projects for Phase II, and public presentations for the project. They include the 

seventeen Chemistry class students and Science Club students (Craig Bailer, Ben Americus, 

Adam Zamudio, Sophia Myers, James Allen, Eli Beedle, Josh Hamberger, Keegan Crowley, Kris 

Ranney, and Carl Ranney).   

 

SOLAR Cities http://solarcities.blogspot.com/  

 Thomas ñTHò Culhane ï Biogas Expert.  Culhane provided extensive technical 

knowledge and participated in building digesters in January 2010. Through collaboration with a 

National Geographic Society outreach project, Culhane used psychrophilic effluent from the 

Cordova digesters to initiate new biogas digesters in Europe, Asia and Africa.  

 Sybille Culhane ï Co-founder of SOLAR Cities.  S. Culhane assisted in initial 

construction efforts and managing financial aspects of SOLAR Cities involvement. 

 

  

Others http://www.cordovaenergycenter.org/  

 Brandon Shaw ï Website Developer.  Shaw designed the CordovaEnergyCenter.org 

website and assisted in digester set-up in January 2010.   

Jeffrey Werner ï State FFA Director. Werner is interested in using the effluent from 

anaerobic digesters as a liquid fertilizer for agricultural crops.  

Bernie Carl ï Owner of Chena Hot Springs.  http://www.chenahotsprings.com/. Carl has 

expressed interest in deploying a large scale biogas digester at Chena Hot Springs to meet fuel 

needs and enhance greenhouse agriculture.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://blogs.cordovasd.org/chs/
http://solarcities.blogspot.com/
http://www.cordovaenergycenter.org/
http://www.chenahotsprings.com/
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1d) Project Timeline 

 

 

 
 

 

2. Methods  
 

Phase I  

 

2a. Experimental design.  Figure 1 shows the experimental design of the Cordova anaerobic 

digester experiment of Phase I. Six 1000-L Sorbitol HDPE containers (tanks), obtained from 

local Cordova fish processing facilities, were converted into single batch-style anaerobic 

digestion reactors and inoculated with methanogenic microbial cultures obtained from 

thermokarst lake sediments in Fairbanks (psychrophiles) and manure from Northern Lights dairy 

farm in Delta Junction (mesophiles). The reactors were placed inside of a 40-foot Conex, which 
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we lined with R-10 Owens Corning foam board insulation.  We built a wall with a door in the 

middle of the Conex to create two separate rooms. Three tanks were placed in each of the two 

rooms that were maintained at approximately 15°C (cold) and 25°C (tepid).  We do not consider 

the 25ÁC room to be ówarmô since numerous other studies have shown that warm-loving 

mesophiles prefer temperatures closer to 37°C. Temperature was controlled with 1500-W 

radiator heaters.   

 Within the separate rooms, each of three tanks was inoculated and labeled with one of the 

following microbial treatments:  Lake mud only (psychrophiles; 48 L mud per tank); Manure 

only (mesophiles; 60 L manure per tank); and Mixture of lake mud and manure (48 L mud + 60 

L manure). Crushed rock (~8 L per tank) was spread over the bottom of tanks to provide surface 

area for microbial growth. Tanks were filled 7/8 of the way full with warm tap water.  

62 3 541

 
 

Figure 1. Phase 1 experimental design to compare biogas production efficiency of different 

combinations of psychrophilic and mesophilic methanogen communities under 15хC and 25хC 

temperature treatments.  
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Figure 2. Schematic showing the 3-tank digester and water pressure system. 1) Feeding tube 2) 

Effluent pipe 3) Primary gas outlet 4) Flame tester 5) Gas inlet 6) Water transport 7) Pump 

bucket 8) Water inlet 9) Final gas outlet. After experiencing considerable drawbacks of the water 

storage tanks and gas pressurization system, we removed components 5-9 and either exhausted 

biogas outside or collected and pressurized biogas in a secondary, telescoping holding tank that 

required no external power source. 

 

Hobo temperature data loggers (HOBO water temp pro v2 U22-001) were secured to the 

feeding inlet tube in each tank. Tanks 1, 3, 4 and 6 had multiple loggers installed at the top, 

middle and bottom of the tank in order to observe potential temperature stratification. Both 

rooms within the Conex were monitored by Onset pendant loggers (HOBO UA-002-64). 

Cordova local area temperature data was obtained from online sources 

(www.wunderground.com).  

On February 19, 2010, the reaction vessels were sealed to facilitate microbial O2 

consumption in the tanks for the establishment of anaerobic conditions.  Initial physical and 

chemical data on starting conditions were recorded. 

 

2b. Tank chemistry measurements.   

 

We measured pH, dissolved oxygen (DO) and oxidation reduction potential (ORP) 

initially three times per week, and later weekly, in 100-mL samples collected from each of the 

six digesters.  pH measurement were initially quantified by visual assessment using Macherey-

Nagel litmus paper (used until April 16, 2010) and with a more precise electrode (Oakton 

PC510) from April 17, 2010 through June 6, 2011. ORP measurements were performed with an 

Xplorer GLX Pasco PS-2002 Multi-Datalogger from January 21
st
 to April 9, 2010, before more 

accurate instrumentation was available (Oakton PC510 ORP meter). Dissolved oxygen 

measurements were recorded with an Xplorer GLX Pasco PS-2002 Multi-Datalogger until 

March 24, 2010, and later with a Hanna HI9142 DO meter. 
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2c. Feeding digesters 

 

Once it was established through chemistry measurements that the tanks were mostly 

anaerobic and through positive flame tests that biogas production had begun (within 2 days to 2 

weeks, depending on the tank), we began feeding tanks to provide substrate to fuel 

methanogenesis. In accordance with conventional warm-temperature, small-scale biogas system 

protocols (Samuchit Enviro-Tech Pvt. Ltd.), students from Cordova High Schoolôs chemistry 

class fed each tank a 2-kg organic slurry consisting of 1-kg wet food weight plus 1-kg water.  

Food scraps from the school lunch hall were collected daily and processed in large batches by 

way of an industrial sink disposal (Appendix 1). The processed food scraps were then divided 

into measured 1-kg portions, labeled and frozen in a large storage freezer kept in the schoolôs 

science classroom. Each day, individual portions were removed from the freezer, thawed, and 

fed to digesters through a 2ò PVC (schedule 40) pipe that extended 2 feet above and 3 feet down 

into the reactor vessel, into the water liquor. At the time of feeding, reactor gas valves were 

closed off and equivalent volume of effluent was removed via a 1 inch ball-valve located mid-

level in the side of each tank. After each feeding treatment was performed, the students re-

opened the reactor gas valves and capped the feed inlet tube. Effluent was disposed of through 

the local storm water sewer system, located near the project site. 

 

2d. Gas flow measurements   
 

Gas flow was measured in real-time from February 18 ï December 11, 2010 using mass 

flow meters installed in-line with the gas outlet valve on each reactor vessel (Sierra Top-Track 

820 Series).  For better quality measurements, later gas flow data were obtained using the same 

flow meters, but on different, labor-intensive sampling intervals.  As of December 2010, all 

monitoring of biogas production was performed by closing off tank gas outlet valves for 6-8 

hours to allow the reactors to build positive pressure. As the tanks began to distend, pressure was 

relieved by partially opening the valve and allowing biogas to flow past the mass flow meters at 

a higher rate, which was in the range of the flow meter calibration.  

 

2e. Gas composition analysis   
 

We sampled biogas from the outflow pipes of each digester over the course of the two-

year study. Samples were collected into 60-ml glass serum vials, sealed with butyl rubber 

stoppers, and stored under refrigeration in the dark until analysis in the laboratory following the 

method described in detail by Walter et al. (2008). We measured the concentration of methane 

(CH4), carbon dioxide (CO2), oxygen (O2) and nitrogen (N2) in samples using a Shimadzu 2014 

gas chromatograph equipped with an FID and TCD at the Water and Environmental Research 

Center (WERC) at University of Alaska, Fairbanks.  

 

2f. Effluent nutrient analysis 
 

Samples of reactor effluent were periodically collected from each digester over the course 

of the experiment. Samples were stored in 20-mL scintillation vials, sealed with paraffin tape, 

and frozen on-site until being sent to the University of Alaska, Fairbanks WERC lab for analysis. 

Nutrient fractions were analyzed on a high pressure liquid chromatograph (Dionex LC 20) 

equipped with auto feed sampler on April 18, 2010. Samples were run [unfiltered] with a five to 

one dilution ratio (1:5).  
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2g. Odor. Qualitative observations of odor from digester effluent samples were recorded. 

 

Phase II  

 

2h. Biogas collection and storage   
 

Initially, a gas storage system was constructed outside the project Conex and used to 

store biogas via a water-pressure and pump system. The system was built by collaborator T.H. 

Culhane to demonstrate to the project how biogas is stored and utilized in his projects outside 

Alaska. In September 2010 this system, which is not appropriate for Alaskan environments, was 

disassembled, allowing biogas to vent from digesters to the outside atmosphere.  In June 2011, a 

telescoping 500-gallon (approx. 2000-L) HDPE tank was installed on-site to collect and 

distribute biogas produced inside the project Conex container (modified from a 500 gal and 1000 

gal tank, Greer Tank and Welding, Inc., Fairbanks, AK). The collection vessel consolidated and 

stored gas produced from active tanks 1, 4, 5 and 6 using İò reinforced vinyl and ıòair tubing. 

Standardized ıò gas ball-valve and female flaring were used to make further connections down 

line of the storage vessel. 

The larger 1000 gal containment vessel was filled with approximately 500 gal of water to 

serve as an air seal for the top gas-holding tank. Pressurization of the gas was performed by 

placement of a water-filled 1000-L HDPE tank above the floating tank (Fig. 3).   

 

 

 
Figure 3. Schematic of a successful telescoping gas collection and re-distribution system. 1) 

Feeding tube 2) Effluent pipe 3) Primary gas outlet 4) Storage collector inlet 5) Gas outlet valve. 

The biogas storage container was filled approximately half way full in order to create an air seal 

for the collector vessel above. The top floating collection vessel was open at the bottom. 

Additional weight was placed on top of the floating tank to increase biogas line pressure.  
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2i. End use testing 
 

Biogas combustion demonstrations were performed using a converted single-burner cast 

iron stove with 3/8ò natural gas conversion kit (SGB-01 NGKIT). Power generation 

demonstrations were performed using an 1850-W generator with 4-cycle Subaru engine (Husky) 

with a tri-fuel carburetor conversion kit installed. All fittings were adapted with ıò male 

compression to female swivel flares for ease of operation. 

Additional student science projects and demonstrations were performed with biogas 

stored in car tire inner tubes. Air hose lines were connected to ıò Schrader valves which were 

used to fill the tubes. The tubes were then transported to a proper testing site in order to 

distribute the contained biogas. 

 

For further details on Methods in Phase I and II, refer to the projectôs Year 1 and Year 2 

quarterly reports. 

 

 

3. Results 

 

3a. Temperature control in the Conex  

 

Temperature fluctuations inside the project Conex closely mimicked changes in ambient 

outside temperature at the Cordova study site (Fig. 4). The average temperature ± standard 

deviation recorded in Cordova for the study period (January 15, 2010 ï June 15, 2011) was 

3.6°C. Though experimental room temperatures drifted from design conditions of 15°C and 25°C 

throughout the course of the project, the average temperatures remained elevated above ambient 

air temperature and were within close proximity of intial targets. Average ± standard deviation of 

the recorded ócoldô and ótepidô room temperatures in the Conex were 15.4 Ñ 7.1°C and 25.6 ± 5.1 

°C respectively.  
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Figure 4.  Ambient Cordova mean daily air temperature (grey) and mean hourly room 

temperature in the Connex ócoldô (blue) and ótepidô (red) rooms during the study period, January 

15, 2010 ï June 15, 2011.  
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The average temperature of digester slurry, recorded from temperature loggers located at 

the bottom of each tank, varied by as much as 3.3 °C among tanks within each of the two rooms 

(Fig. 5). The average temperature ± standard deviation in each tank was: tank 1 (15.9° ± 6.7 C), 

tank 2 (16.1 ± 7.1 °C), tank 3 (14.8 ± 6.0 °C), tank 4 (22.5 ± 4.3 °C), tank 5 (22.8 ± 4.3 °C), and 

tank 6 (19.5 ± 4.4 °C). When available, data from loggers placed in the tops of tanks showed 

higher temperatures than loggers placed at the bottom of tanks (Fig. 6). 
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Figure 5. Mean hourly temperature of the data loggers in the bottom of the digesters. Tanks 1-3 

were located in the cold room, while tanks 4-6 were located in the tepid room. Digester 

temperatures tended to track room temperatures, which followed the trend of outdoor air 

temperatures (Fig. 4).  
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Figure 6.  Temperature at the top (dashed lines) and bottom (solid lines) of three digesters. The 

temperature differences within individual tanks indicate thermal stratification in digesters.   
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3b. Digester chemistry 

 

Measurements of pH, oxidation-reduction potential (ORP) and dissolved oxygen (DO) 

were conducted to monitor conditions inside digesters over the course of the experiment, and to 

alert researchers to potential conditions which could inhibit methanogenesis, such as low pH or 

high DO or ORP.   

We observed that the pH of digester slurries drifted significantly from neutral pH towards 

acidic pH during the initial part of Phase I. On March 22, 2010, digester feeding regimens were 

halted and chemical remediation treatments commenced using calcium carbonate (CaCO3), 

calcium oxide (lime, CaO) and sodium hydroxide (NaOH) in order to restore digester pH to more 

neutral conditions. On June 6, 2010, chemical remediation treatments were stopped and the 

feeding schedule recommenced. By September, 2010, all tanks had recovered to a near neutral 

pH, except tank 3, which remained acidic. The final pH values, recorded June 11, 2011,  were:  

tank 1 (7.71), tank 2 (7.49), tank 3 (4.82), tank 4 (7.52), tank 5 (7.49), and tank 6 (7.64) (Fig. 

10).  
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Figure 7.  pH of digester slurries in six anaerobic digesters from January 2010 until June 15, 

2011.  

The oxidation-reduction potential (ORP) of reactor effluent, recorded throughout the 

experiment, was appropriately low at the onset of the study. ORP increased after feeding 

commenced, in parallel to the decrease in pH.  After pH stabilization, ORP decreased in all of the 

digesters except Tank 3 (Fig. 8).  
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Figure 8.  Oxidation reduction potential (ORP) in anaerobic digester slurries. 

 

Measured dissolved oxygen (DO) levels were low, but rarely zero, during the course of 

the project. The Hanna instrument used to measure DO was reported to be improperly calibrated 

on several occasions during the fall of 2010, resulting in slightly elevated levels of DO being 

recorded (data not shown). After servicing in December 2010, DO measurements returned to 

values observed earlier in the project (Fig. 9). 
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Figure 9.  Dissolved oxygen concentration measured in anaerobic digester slurries. 
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3c. Gas production: Psychrophiles vs. mesophiles at two temperatures  

 

Biogas production was observed throughout the majority of this project. Within two days 

to two weeks after initial set up, all tanks were producing flammable biogas.  The methane 

content of the gas decreased when tanks acidified in winter 2010 due to over-feeding; however, 

flammable biogas production was again demonstrated in all tanks except Tanks 2 and 3 by 

December 2010 (Table 1). Throughout the duration of the project we qualitatively observed that 

anaerobic digesters in the tepid room produced more biogas than digesters in the cold room.  

 

Table 1.  Results of flammability tests 

 

Tank First positive 

flame 

Last confirmed flame 

1 1/31/10 6/6/11 

2 NA NA 

3 1/22/10 2/1/10 

4 2/1/10 6/6/11 

5 1/21/10 6/6/11 

6 1/26/10 6/6/11 

 

 

After improving the method for quantitative measurement of gas flow rates, we found 

that indeed, biogas production was on average 6 times higher in the psychrophile-only digester in 

the 25 хC room (Tank 4; 275 ± 90 L gas d
-1

 expressed as average ± standard deviation) compared 

to the psychrophile-only digester in the 15 хC room (Tank 1; 46 ± 23 L gas d
-1

) (Fig.10). 

The psychrophile-only Tank 4 (275 ± 90 L gas d
-1

) had the highest average biogas 

production rate among all digesters, and produced roughly 60% more biogas per day than the 

mesophile-only Tank 6 (173 ± 82 L gas d
-1

) in the 25 хC room.  Tank 5 in the 25 хC room, 

containing a mixture of psychrophile-rich lake bottom mud and mesophile-rich manure, 

produced biogas at a similar average rate to Tank 4 (265 ± 80 L gas d
-1

), and exhibited the 

highest maximum daily production rate among all digesters (559 L gas d
-1

) during the period of 

measurements. 

 It should be noted that these biogas production rates were approximate estimates on 

several dates owing to observed spills from the tanks during measurement on three days each for 

Tanks 4 and 5, and on two days for Tank 6 (Table 2). Due to a lack of sufficient pressure (e.g. 

low biogas production) in Tanks 2 and 3 we were unable to obtain flow rate measurements in 

2011.  
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Figure 10.  Biogas production, normalized to 1000-L of slurry per digester, observed in Tanks 1, 

4, 5 and 6 during winter 2011. Fluctuations in production are an artifact of the sampling method, 

where tanks were sealed for 6-8 hours to build pressure in between gas flow readings. 
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Table 2. Daily biogas production values for winter 2011, normalized to 1000-L of slurry volume. 

The values represent average gas production within a 24hr period for each tank. On several 

occasions, built up gas pressure contained in the headspace of the reactors caused tanks to expel 

some of their liquid contents from the tanks (indicated by *). Dates of occurrences of tanks spills 

were both documented and undocumented as students may not have reported a spill during 

several instances when researcher and teacher support was not available.    

 

Date Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6

12/11/2010 33 0 0 188 195 0.5

12/12/2010

1/17/2011 23 0 0 308 187 28

1/18/2011 25 0 0 382 210 32

1/19/2011 37 0 0 300 254 49

1/20/2011 56 0 0 491 410 107

1/21/2011 32 0 0 246 247 104

1/22/2011 46 0 0 353 361 244

1/23/2011 68 0 0 514 413 310

1/24/2011 58 0 0 209 218 135

1/26/2011 53 0 0 532 559 390

1/29/2011 41 0 0 *260 236 170

1/30/2011 41 0 0 260 236 170

1/31/2011 73 0 0 230 *218 160

2/1/2011 55 0 0 270 277 201

2/2/2011 54 0 0 266 304 176

2/3/2011 49 0 0 *219 181 *120

2/4/2011 39 0 0 343 298 259

2/5/2011

2/25/2011 32 0 0 135 191 133

2/26/2011 1 0 0 222 *215 184

2/27/2011 32 0 0 209 235 183

2/28/2011 59 0 0 209 246 191

3/1/2011 25 0 0 246 271 212

3/2/2011 47 0 0 231 241 198

3/3/2011 32 0 0 203 225 185

3/4/2011 28 0 0 *215 *211 192

3/5/2011 37 0 0 217 238 189

3/6/2011 21 0 0 226 254 194

3/7/2011 38 0 0 217 235 194

3/8/2011 45 0 0 241 262 *172

3/9/2011 43 0 0 247 256 185

3/10/2011 41 0 0 319 343 300

3/11/2011

6/1/2011 47

6/11/2011 105

6/12/2011 116

6/13/2011 86

Average 46 0 0 275 265 173

Standard Dev. 23 0 0 94 80 82

Daily Max. 116 0 0 532 559 390

15°C Room 25°C Room

Gas Production Summary Data (L gas d-1 normalized to 1000-L of slurry)
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Figure 11.  The linear relationship between average daily biogas production and the average 

temperature of digesters on days of gas production measurements.  

 

 

 

3d. Biogas composition  

 

Gas samples collected over the course of the project map the internal environment of 

each reactor during the experiment. In general, all tank headspace gases exhibited a large 

increase in methane (CH4) concentration from the start to end of the study (Fig. 12). Peak 

methane concentrations were recorded at one time during the experiment as high as 82% by 

volume. The high concentration was likely due to a pause in feeding over the holidays leading to 

increased methanogenic/acetogenic activity ratios (Massé, et al., 1997). However, subsequent 

samples collected during the second year of the project had an average methane concentration of 

65% by volume, similar to most anaerobic digester operations (40-60% CH4) (House, 1978).   

Though the target, high-energy molecule in this experiment was methane, other gases 

also helped illustrate microbial activity as well as overall system health (Figs. 13-15). 

Atmospheric gases, such as oxygen and nitrogen, were found early in the study in significant 

quantities (> 5% by volume) among certain tanks, but decreased in samples collected later in 

phase 1 and 2 of the project (Figs. 6 and 7) after discovered leaks were repaired. Several samples 

with elevated oxygen and nitrogen concentrations were due to errors in sampling (atmospheric 

contamination).  Finally, a consolidated sample was collected from gas stored in the large biogas 

collector installed on June 1, 2011. The sample was known to contain trace atmospheric gases as 

the headspace of the containment vessel was not completely evacuated prior to collecting biogas.  
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Figure 12.  Methane (CH4) concentration in biogas samples determined on a Shimadzu 2014 gas 

chromatograph equipped with FID and TCD.  The concentration of gases is presented as percent 

by volume. It should be noted that 70% CH4 in Tank 4 shown for Aug. 28 and Sep. 5, 2010 was 

calculated as a correction to lower concentrations measured in samples due to a leak in the 

sampling system. Both the samples from August/September Tank 4 had the same 

methane/carbon dioxide ratio - =4.4 Based on a review of the other biogas samples, this should 

put the methane level of the biogas at ~65-70%, after correcting for presumed dilution from air 

contamination.  The fact that the two samples had the same ratio of these gases, despite a two-

fold difference in the methane level, is a good indication that the low reading is due to dilution 

by atmospheric air in the sample collection stage. 
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Figure 13.  Concentration of carbon dioxide (CO2) in digesters, presented as percent by volume.  
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Figure 14.  Concentration of oxygen (O2) presented as percent by volume. Air contamination was 

known to be present in the samples with O2% > 2%, and was an artifact of sampling rather than 

an accurate representation of digester headspace O2 concentration.  
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Figure 15. Concentration of nitrogen in digesters presented as percent by volume. Air 

contamination was known to be present in the samples with N2% > 25%, and was an artifact of 

sampling rather than an accurate representation of digester headspace N2 concentration.  
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3e. BTU content of biogas 

 

Using Equation 1 together with results of methane concentration in biogas samples we 

determined the BTU content of biogas. The highest observed production rate of any given 1000-

L tank within a twenty-four hour period was 559-L d
-1

(Table 2). Combining the observed 

production rates with the average methane concentration of biogas collected from the site (~67% 

CH4 by volume), gas collected at the end the project, had an equivalent BTU rating of 

approximately 1,275 BTU day
-1

 per digester.  Applying the average methane concentration to the 

average production rates observed in the tepid room digesters, the average BTU production was 

3,950-6,270 BTU d
-1

 per digester. It is important to note, that this BTU rating is helpful in 

calculating possible efficiencies of combustion across a range of gas powered devices, but should 

not be viewed as a static number as the methane content of produced biogas changed over time 

(Fig. 12) and should therefore be viewed only as a helpful approximation of gas heat content. 

 

 

Equation 1. Rating BTU content of biogas 

 

 
 

 

3f. Nutrient content of digester effluent   

 

In addition to methane-energy, biogas digesters have the added benefit of producing 

nutrient-rich organic fertilizer that can be used in agricultural and horticultural efforts. Effluent 

samples collected over the course of the experiment yielded mixed results with regard to the 

amount of available nutrients produced from each tank. Analyses were conducted to test the 

relative concentrations of chloride, fluoride, nitrate, nitrite, phosphate and sulfates using High 

Pressure Liquid Chromatography. Other tests to measure concentrations of ammonia and 

ammonium were not available.  Samples were run after proper calibration tests were performed 

to ensure accurate measurement and to track instrument performance during the analysis (Fig. 8).  

Concentrations of only chloride and phosphate measured above the detection limit of the 

instrument used during the analysis. Chloride is commonly used for potable water treatment and 

showed a strong absorption signal in all samples. This is explainable through the projects use of 

tap water during the course of the experiment. Phosphate concentrations were observed in most 

samples in low to moderate concentration(s) ï between 5-55 ppm (Table 3).  
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Table 3. Phosphate concentration in liquid organic fertilizer sampled on n different dates. All 

samples were run on a Dionex LC 20 chromatograph with Chromeleon data processing software 

package.  

Tank n mean stdev min max

1 1 9.0

2 4 9.0 6.7 5.0 19.0

3 4 17.3 7.4 12.0 28.0

4 1 42.0

5 1 30.0

6 5 36.8 10.6 28.0 55.0

Phosphate (ppm)

 
 

 

 

3g. Odor  

  

Qualitative measures of relative odor among tanks were noted during the research phase of the 

project. We found that digesters containing lake mud-only had a more agreeable odor than 

digesters containing manure.  Tanks inoculated with psychrophilic methanogens from the 

thermokarst lake were said to exhibit a smell much like that of a pond or bog. The odor was 

found to be an earthier and less unsettling smell than that of mesophilic tanks, which smelled of 

animal manure, the traditional ñbarn-likeò odor commonly used to describe anaerobic digestion 

facilities, commercial and small-scale. Upon wafting, even the lake-mud-only tanks exhibited a 

strong ammonia-like smell. Analytical instrumentation was not available for quantification of 

ammonia, though ammonia is commonly observed in other biogas digesters (Brock, et al. 1970; 

House, 1978; Gerardi, 2003). 

 

Phase II Results 

 

3h. Biogas storage 
 

Phase II efforts to collect, store, distribute and demonstrate end-use applications of the 

biogas technology were largely successful.  We designed and implemented a new gas collection 

system suitable for small-scale applications in Alaska.  The system, based on a telescoping 

holding tank principal (Fig. 3), is simple and easy to assemble in areas where elaborate 

mechanized storage and gas delivery systems are not available. Gas pressurization was 

accomplished by placing additional water weight above the 500 gallon (~2000L) holding vessel, 

though brick or other weight equivalent could be used in areas were water resources are scarce. 

During the phase 2 experimental stages, the gas was collected from the primary digesters in the 

Conex using the telescoping storage system, and delivered for use in a variety of applications to 

demonstrated biogas utility as a source of combustion fuel. The most notable demonstration 

projects included the use of biogas as a cooking fuel with a cast iron single-burner stove, 

powering of a 4-cycle lawn mower engine, production of electricity using a converted gas-

powered generator and use of digester effluent as liquid fertilizer in a student project greenhouse. 
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3i. End use testing 

  

Demonstrating small-scale applications of biogas technology was the primary goal of 

Phase 2.  Through a variety of projects utilizing combustion, conversion, and transduction 

capabilities of biogas energy as well as provided educational opportunities for students interested 

in alternative energies.  Phase 2 demonstrations took the form of the continuous powering of a 

combustion engine and electrical generator, use of biogas as a stove fuel, and application of 

organic liquid fertilizer obtained from digester effluent.  These demonstration projects enhanced 

the curriculum of Cordova High School students who worked with and presented their findings 

on the project in multiple appearances at conferences around the state. Photographs of the 

demonstration projects are provided in Appendix 2. The following section addresses each of the 

phase 2 project results:   

 

Generator.  An 1850 Watt electrical generator (Husky) was operated solely on biogas collected 

from individual project reactors in June 2011.  By augmenting the engine carburetor and 

installing a tri-fuel gas conversion kit, this gasoline powered generator was adapted to run on a 

variety of gaseous fuels, including biogas.  Initial efforts to start the generator were unsuccessful 

due to limited gas availability and generator requirements for ignition.  After raising the pressure 

of biogas delivery to approximately 0.5-psi and injecting small amounts of ether starting fluid, 

the generator fired on the first draw of the pull-start cord.  At pressures below 0.5-psi the engine 

was able to maintain idle, but could not achieve sufficient revolutions per minute (RPM) in order 

to sustain 120V 60Hz AC power. Generator performance was monitored with a 3500K 23W 

CFL light bulb which maintained continuous luminous quality during generator operation.  

 We achieved increased gas pressure by adding a second tank on top of the telescoping 

collection vessel used to store gas and filling it with approx. 175 Gal of water (DH2O @ 15°C = 

1000kg/m
3
 or 8.34 lb/US gallon).  The resulting water weight (approx. 1500 lbs) was enough to 

increase the pressure in the gas line to about 0.5-psi, sufficient to operate the generator.  To this 

end, the 1850 Watt generator was rated at a consumption rate of approx. 300 gal/hr or ~1,100 

L/hr.  

 

Cooking fuel. The primary application for small-scale anaerobic digester technology around the 

world is in production of biogas for use as a cooking fuel. With minimal amounts of positive 

pressure, biogas from the Conex digesters sustained a continuous, clean-burning flame once 

ignited by local spark and/or flame. By adapting a cast iron single-burner stove with natural gas 

conversion kit, the project was able to boil water and fully cook a variety of foodstuffs using gas 

collected from project reactors. Using biogas to fuel the stove, 4 liters of water were boiled (Ti = 

15°C, placed in a covered pot) within 20 min of exposure to flame. The stove sustained a 

continuous flame throughout the demonstration despite being in an open, outdoor environment. 

The stove was used to cook a meal consisting of hot dogs and carrots, consuming roughly 300 L 

of biogas per hour (~80 Gal/hr).  

 

Liquid fertilizer.  In addition to nutrient analysis confirming reactor effluent benefits as a liquid 

fertilizer treatment for nutrient poor soils (Table 3), Cordova High School students tested 

samples of reactor slurry in a controlled greenhouse experiment to provide further evidence on 

nutrient qualities of digester effluent. To duplicate sets of plants, students supplied either the 

liquid fertilizer from the tank 4 digester, or water as a control.  Tank 4 effluent exhibited 
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considerable nutrient values when applied to several different plant species within greenhouse 

trials. Nutrient analysis of all tanks later confirmed elevated levels of phosphate as high as 

55ppm (Table 3), indicating potential use as a fertilizer treatment to soils lacking in sufficient 

nutrient content (Swift, 2009). Students contend that there was a noticeable difference in height, 

leaf fullness and health of several plant species treated with effluent over those which only 

received water additions.  Project Administrator, Clay Koplin, visited the site and confirmed the 

positive response of plants subject to the digester liquid fertilizer. The largest differences in 

growth were observed among the flowering plants, Lilium Pumilum and Asiatic Pink Pixies, 

which responded very well to effluent treatments; however, others like Lilium Regales and 

Asiatic Orange Pixies hardy grew at all when given effluent treatment.  Less of a difference in 

size was noted among the food crop plants, but it was observed that plants fertilized with effluent 

tasted better on many occasions during blind taste tests.  One exception was the root and carrot 

plants, which were said to not be very appetizing when treated with effluent fertilizer, though no 

note was provided on whether this was due improper washing/preparation of the crop or if the 

undesirable taste came from flavors incorporated into the plant roots themselves. No quantitative 

biomass or root/shoot length measurements were taken.  

 

Curriculum enhancement.  Student-led projects were a major component of Phases 1 and 2.  In 

Phase I, students from the high school chemistry class and science club were charged with daily 

food processing and feeding during phase 1 of the study.  The students came together on several 

projects intending to streamline the process which resulted in a number of useful innovations 

including construction of an industrial sink with built-in insinkerator and improved feeding 

practices.  During Phase 2, students and teacher Adam Low took the lead in design, setup and 

maintenance of a greenhouse experiment to test effluent nutrient characteristics (with assistance 

from Clay Koplin at CEC).  Low and students purchased and converted an 1850W gas-powered 

generator and 4-cycle lawn mower engine to run on biogas using inflatable tire inner tubes to 

transport and deliver the biogas from project reactors.  Several students went further into 

performing purification test of biogas by bubbling and collecting gas run through a saturated 

lime water column.  Others still, conducted calorimetry tests in order to approximate the heat 

value and BTU properties of biogas produced compared to other known and available fuel-types.  

With these and other demonstrations, students used the biogas project as a platform for state 

science fair projects in both 2010 and 2011 conferences, held in Anchorage.  

In addition, students presented on the project at a host of difference conference meetings 

and alternative energy forums.  Further information on the educational benefits of the project at 

the Cordova High School is contained within section VI of this report.  

 

 

 

3j. Public outreach and dissemination 

 

This project, performed through collaboration among a local public utility, city high 

school and a research university was intended from the beginning to have a large emphasis on 

public outreach and information dissemination. The project received a substantial amount of 

publicity since ground broke in winter of 2009 and has enjoyed high praise and support from 

multiple areas of local and state government. Students, researchers and other team members have 

traveled to numerous conferences in the past two year to discuss the project and its goals as well 
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as share information about biogas technology and the Emerging Energy Technology grant in 

general.   

High school students and UAF researchers were given the opportunity to present on 

project ideas and preliminary results at meetings with the Alaska Power Association and Alaska 

state legislators in Juneau, and at a variety of conferences, including the Alaska Rural Energy 

Conference (April 27-29
th
, 2010) and the Alaska Forum on the Environment (February 7-11

th
, 

2011). In February 2010, the chemistry students took a class trip to the Alaska Power 

Association, where students C. Bailer, D. Hess, C. Morrissett, J. Smyke, S. Lindow, and T. 

Kelley presented on the project.  Most recently, the project research was featured during ACEPôs 

lecture series for the month of June 2011. The talk, given by Casey Pape, was hosted at the Blue 

Loon in Fairbanks. Slides as well as video of the speech can be found online 

(www.uaf.edu/acep/publications/). A final presentation will be made at the Alaska Rural Energy 

Conference in Juneau (September 27-29, 2011).  

 

Titles of our project presentations and other public dissemination documents are:   

 

Walter Anthony, K., Culhane, TH., Koplin, C., McFadden, L., Low, A.  ñImproving Cold  

Region Biogas Digester Efficiency.ò  McFadden, L.  Alaska Forum on the 

Environment.  Anchorage, Alaska.  February 8-12, 2010.   

 

Bailer, C., D. Hess, C. Morrissett, J. Smyke, S. Lindow, and T. Kelley, ñMethane 

Digesters using Psychrophilesò, Invited talk, Alaska Power Association, Juneau, 

Alaska. February 2010. 

 

Walter Anthony, K., Culhane, TH., Koplin, C., McFadden, L., Low, A.  ñImproving Cold  

Region Biogas Digester Efficiency.ò  Low, A., Hess, E., Allen, J., Americus, I., 

Americus, B., Zamudio, A.  Alaska Rural Energy Conference.  Fairbanks, Alaska.  

April 27-29, 2010. 

 

Pape, C. and the Project Team, ñEnergy from Psychrophilic Bacteria: A Cold-Region 

Alternative for Biogasò, ACEP Community Energy Lecture Series, Fairbanks, 

Alaska, June 21, 2011. 

 

New Scientist article featuring this project:  ñCold climates no bar to biogas productionò.  

November 4, 2010.  

<http://www.newscientist.com/article/mg20827854.000-cold-climates-no-bar-to-

biogas-production.html> 

 

The project was featured by Alaskan Dispatch Magazine in an article on rural Alaska 

entitled, ñBiogas could bring new energy to rural Alaskaò.  January 17, 2011. 

<http://www.alaskadispatch.com/article/biogas-could-bring-new-energy-rural-

alaska?page=0,0> 

 

Low, A.  ñYouth Participation: Improving Cold Region Biogas Digester Efficiency.ò  

Low, A., Bailer, C., Allen, J., Americus, B., Zamudio, A.  Alaska Forum on the 

Environment.  Anchorage, Alaska.  February 8, 2011. 
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Walter Anthony, K., Culhane, TH., Koplin, C., Low, A., Pape, C.  ñImproving Cold 

Region Biogas Digester Efficiency.ò  Low, A., Bailer, C., Allen, J., Americus, B., 

Zamudio, A.  Denali Commission Public Forum on the Emerging Energy 

Technology Grant.  Juneau, Alaska.  February 14-15, 2011. 

 

The project was highlighted in Senator Lesil McGuireôs recent press release on the 

óDeadline for Emerging Energy Technology Fund Grant Applications 

Approachingô. Released March 3, 2011. 

http://www.aksenate.org/mcguire/030311EmergingEnergyFund.pdf 

 

Pape, C. and Walter Anthony, K. (2011) ñBiogas Technology in Alaskaò. ACEP Flyer 

Publication. Cooperative Extension Services, Fairbanks, Alaska. 

 

Americus, B., Allen, J., Zamudio, A., Pape, C. ñCold Climate Anaerobic Digestion: 

Psychrophiles in Biogas Digestersò Alaska Rural Energy Conference. Juneau, 

Alaska. September 27-29, 2011.  

 

 

Website for the project: www.cordovaenergycenter.org/ 

 

 

4. Discussion 

 

4a. Phase 1 hypothesis testing 

 

Phase I results supported the Hypothesis 1 that biogas production will be greater at 

tepid (25 °C) temperature than at cold (15 °C) temperature.  Gas production rates were on 

average six times higher in the psychrophile-only tank 4 maintained in the tepid room than the 

psychrophile-only tank 1 maintained in the cold room. Similarly, no significant biogas 

production was observed among cold room tanks containing manure, while considerable biogas 

was produced in tanks 5 and 6 containing manure in the warm room. At no time during the entire 

study period did biogas production from cold room tanks exceed daily production rates of 

adjacent tanks in the tepid room (Fig. 10). The considerable divergence in daily gas production 

rates observed in tanks between the cold and tepid rooms suggests a strong temperature control 

on anaerobic digestion and methanogenic activity, such as has been found in other studies 

(Brock, et al. 1970; Metcaff and Eddy, 1991; Gerardi, 2003). When we plotted average biogas 

production as a function of average tank temperature, we also found strong temperature 

dependence among all tanks (Fig. 11).  

With the exception of different starting inoculate microbial regimes (psychrophile-rich 

lake bottom mud vs. mesophile-rich manure), all tanks received identical quality of feedstock 

treatments and were treated in a similar manner. At times the quantity of feeding was adjusted in 

some tanks to avoid overfeeding, which can lead to souring, or acidification, of the slurry. 

Remarkable similarity in digester chemistry among all tanks, except tank 3 (Figs. 7-9), indicates 

that experimental conditions remained relatively consistent among tanks, and that differences 

among tanks were likely due to microbial community and temperature.   

 High variability in biogas production is explained in part by temperature; however other 

factors likely influenced the health and viability of methanogen populations in tanks. During the 

early stages of the biogas production test period, we began to observe acidification in most tanks 

http://www.cordovaenergycenter.org/
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(Fig. 7).  We expect that acidification was the result of overfeeding. When the metabolic rate of 

the methanogen community was insufficient to consume the large quantity of volatile fatty acids 

(VFAs) and acetate intermediates created by acetogenic microbes within each of the reactors 

(Gerardi, 2003), acid intermediates accumulate and effectively lower the pH to levels that can 

further inhibit methanogens, leading to a negative feedback in methane production.  When the 

population and metabolism of methanogens is sufficient, simultaneous conversion of organic 

feedstock to VFA and acetic acid intermediates to methane and carbon dioxide occurs, and 

acidification concerns are averted. Excessive feeding prior to adequate establishment of 

methanogenic populations likely exacerbated the ratio of acetogenic/methanogenic activity and 

tank acidification to a greater extent in the cold room tanks than in the tepid room tanks, 

potentially knocking down methanogens more in the cold room than in the tepid room.  

Chemical remediation steps were taken to avoid a collapse of each tankôs microbial 

system and were largely successful within the first year of study. Additions of basic chemicals 

(i.e. Lime, calcium carbonate, and sodium hydroxide) were used to help restore system pH to 

optimal norms (6.8 ï 7.2). These efforts regained digester activity among all tanks by early June 

2010, with the exception of tank 3 which continued to exhibit acidic conditions (pH 4.82) 

through the duration of the project. Biogas production successfully resumed in all tepid room 

tanks (25°C), but only within tank 1 in the cold (15°C) room. Biogas production apparently 

ceased in tanks 2 and 3 despite continued additions of feedstock. Low tank acidity for extended 

periods of time undoubtedly weakened microbial communities within tanks 2 and 3, combined 

with depressed temperatures which likely resulted in failure of each tankôs microbial community. 

The decreased activity in tank 1 (psychrophiles only) and complete inactivity among tank 2 

(psychrophiles and mesophiles) and 3 (mesophiles only) in the cold (15°C) room provides clear 

evidence in favor of initial predictions about mesophile activity at depressed temperatures. 

However, evidence from tank 2 suggests that perhaps acidic activity was the predominate cause 

of tank(s) 2 and 3 becoming inactive as tank 2 contained psychrophilic cultures that would have 

been expected to continue production even when mesophilic contributions ceased. Despite 

acidification under depressed temperatures, no other cause can thoroughly explain why tanks 2 

and 3 exhibited crash during the experiment as all tanks in the warmer 25°C room recovered 

fully from acidification after sufficient chemical remediation.  

Through one set of trials, we found that increasing the feeding rate did not result in 

greater biogas production. However, increasing temperature in the cold room at the end of the 

study, from 15°C  to 35°C increased production in tank 1. It is likely that Since the digester had 

not been fed in several months, we cannot be certain that there was enough remaining organic 

substrate in the digester to demonstrate its optimal gas production rate. However, these results 

did suggest that increasing temperature had a positive effect on gas production.  

 Temperature conditions varied substantially over the course of the experiment.   

Digester temperatures were lower during colder winter months and warmer in summer, though 

on average, the temperatures of the cold and tepid rooms were on target: 15.4°C and 25.6 °C 

respectively. A large effort was put forth during the initial experimental setup to properly 

insulate the project Conex and keep both rooms at constant temperature; however, electrical 

heating units and the initial electrical capacity of the site proved to be inadequate in order to 

maintain proper temperatures (15°C and 25°C respectively) during extended cold winter 

conditions. These seasonal temperature fluctuations are not unlike what would be expected in 

many Alaska residences. 

 

Our results are inconclusive to support Hypothesis 2 that at any given cold or tepid 

temperature, tanks inoculated with cold-tolerant microorganisms (psycrophiles) from 
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thermokarst lakes will produce more biogas than tanks inoculated with warm-loving 

microorganisms (mesophiles) in manure. While the gas production data alone suggests that 

digesters containing lake mud had higher gas production rates than the digesters containing 

manure only in both temperature rooms, when average tank biogas production was plotted 

against average tank temperature, the data showed a linear relationship between gas production 

and temperature (Fig. 11). A likely reason for lower gas production rates in tank 6 (manure only, 

tepid room) was that the average temperature of that digester was lower than tanks 4 and 5. Tank 

6 was located next to two exterior walls, and likely lost more heat than tanks 4 and 5. It is 

possible that a slight inhibitory effect of the mixed culture tank 5 (mud + manure) was observed 

as the biogas production rate in this tank was lower than what would be expected based on the 

trend line; however, there was too much variability in the data to draw a firm conclusion. It 

should also be noted that several recorded slurry spills were noted that obscured flow 

measurements during the study; however, the magnitude of these spills (<10 L per spill) was 

small relative to other sources of variability so they likely did not play a significant role.  

Without genetic characterizing the microbial communities, we cannot say for certain 

what the fate of true psychrophiles and mesophiles was in our digesters. While we have no 

reason to think that cross contamination of the microbes from the lake mud and manure occurred 

in the digesters, we cannot rule out that this did not happen. It is very likely that the temperature 

and chemical fluctuations in the digesters benefited some types of microbes and inhibited others, 

and that the microbial consortium in the digesters at the end of the study was quite different than 

what it would have been initially in comparison to the original lake mud and manure microbial 

communities.  Ideally, to confirm results of testing Hypothesis 2, microbial culturing and 

analysis of microbial DNA would have been conducted on the initial lake mud inoculum, manure 

inoculum, and each of the digester slurries at the end of the study period;  however, microbial 

DNA work was outside the scope and budget of this project. Microbial analyses would be an 

exciting direction for future work in this field to go.  

 

Phase I results did support Hypothesis 3 that, biogas production at cold 

temperatures (15-25 °C) will not be as efficient as at warm temperatures (35-50°C).  The 

maximum daily biogas production rate we measured was 0.559 L gas per liter of slurry per day 

(L/L/day). Average values ranged from 0.046 (tank 1) in the 15°C room to 0.173 (tank 6), 0.265 

(tank 5), and 0.275 (tank 4) L/L/day in 25°C room. These production rates were lower than those 

observed in other household scale digesters in warm climates and in warm, temperature-

controlled projects in Alaska.  Biogas production from Alaskan fish waste was demonstrated at 

1.0 -1.1 L/L/day in traditional mesophilic batch digestion scenarios at warmer temperature 

regimes (35°C) (Hartman, et al., 2001). At the 1000-L scale digesters, we measured up to 559-L 

of biogas production per day under relatively cold temperatures.  In comparison, typical 1000-L 

household scale digesters in India and other countries are known to produce 1000-L of biogas 

per day, but they are located in warm climates where temperatures (35-40 °C) are more optimal 

for mesophile metabolism (Karve, A. D., 2011). Extrapolating the linear relationship we 

observed between the average rate of biogas production and the average tank temperature in this 

study [Biogas production (L/day) = 34.35*Temperature (°C) ï 432], then at 35-40 °C, biogas 

production rates in our digesters could have increased to 0.77-0.94 L/L/day (770-940 L d
-1

 per 

digester), similar to warm temperature biogas digester production rates. However, without 

knowing the temperature response from the microbial communities in our specific digesters, it is 

not possible to extrapolate these results with a high level of certainty. 
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4b. Lessons learned and recommendations for the technology 

 

Through this project a great deal of information was gained regarding the benefits and 

limitations of biogas technology at the small-scale in Alaska.  Data on the relative labor required 

to build and maintain small-scale digesters, as well as the affects of temperature, acidity, feeding 

and BTU rating/fuel offset characteristics of produced biogas from mesophilic and psychrophilic 

bacteria cultures were well documented.   

 

Challenges of flow data measurement. Prior to this study, little information was available on 

gas production monitoring techniques for small-scale biogas technology. Approximate 

production rates were estimated at around 1,000-L gas per 1,000-L digester fed 2kg food per day, 

but this was not an analytical measurement. The inherent difficulty is due in large part to the very 

low volume and pressures generated at the small-scale. Commercially available instrumentation 

is difficult to calibrate when flow rates are on the order of fractions of mL/sec. During the 

project, several techniques were developed that answered this question and are a major 

accomplishment of this study. First we achieved a labor-intensive method of allowing gas to 

build pressure inside of the digesters for 6-8 hours so that when the outflow valve was opened, 

the gas flow rates were high enough to obtain reliable data within the calibration range of Sierra 

flow meters. Second, we developed a less expensive, less labor intensive method for measuring 

lower flow rates using a submerged tipping cup coupled to an event data logger. Based on the 

results of this study, two separate techniques now exist for testing and quantifying gas 

production for biogas digesters at the small scale.  

 

 

Limitation s of the technology at the small-scale. Based on the findings of this study, several 

recommendations for the future of biogas technology in Alaska can be offered at this time. It is 

clear, that of all variables which influence biogas production, temperature still remains the most 

formidable obstacle for digester projects at the small-scale.  Though psychrophilic additions 

were demonstrated to improve digester conversion efficiency at low temperature, the BTU 

quantity of gas produced was not sufficient to meet the heating requirements of digesters at this 

scale.  At elevated temperatures (>30х C) in other climatic zones, household-scale biogas 

reactors are used in millions of homes to produce enough fuel to be used in practical daily 

applications, typically as a cooking fuel.  In Alaska, however, replication of biogas technology is 

not economically viable because digesters require external heat sources. In situations where 

excess thermal or waste heat can be diverted in order to heat digesters, projects of smaller-scale 

(1000-2000L) may still be justifiable for the additional products they offer by way of secondary 

energy recovery (i.e. the formation of a clean-burning gaseous fuel), reducing waste stream and 

waste water treatment costs and production of liquid fertilizer for seasonal crop production.  

 This study aimed to test the feasibility of small-scale biogas digesters in Alaska that are 

typically intended for use by single-family, traditionally low-income rural peoples located within 

the equatorial region. For homes in places like India and China for example, daily per capita 

energy consumption is much lower than that of the typical Alaskan home of similar size and 

therefore additional scalability would be required in order to meet Alaskan individual heating 

and energy needs. Likely infrastructure and capital requirements to operate at this scale would 

not be cost competitive with current alternative fuel-types. For this reason, anaerobic digesters 

intended for the individual family-scale are not likely to catch on in great number within Alaskan 

communities.  

 



32 
 

Upscaling biogas in Alaska. The most likely future of biogas in Alaska lies in upscaling the 

technology.  One great disadvantage of biogas technology within colder-climate regions is that it 

often only becomes cost competitive at the very large scales of operation. Large facilities that 

can process great quantities of waste (thousands of tons per year), are often required in order 

produce enough gas in order to justify the large capital investment in staff and mechanized 

equipment needed to maintain high process efficiency. Facilities like these require a continual 

supply of high energy animal and organic waste products (> 500 kg d
-1

) in order to produce 

enough gas to maintain the process continuously. One obvious advantage of the technology is 

that waste can be consolidated from multiple sources and where sufficient resources exist, people 

within Alaskan communities may produce enough organic waste in order to justify investment in 

a processing facility. Here, psychrophiles may play a crucial role in future anaerobic digestion 

projects as, given the appropriate scale of operation, would require less energy input in order to 

sustain high levels of biogas output production (Massé, et al. 1996; 1997).  

 Within the continental United States, increasing numbers of biogas facilities are being 

implemented among dairy cow and pig farms. Typically, these operations have centrally located 

facilities where waste streams are concentrated and can be disposed of and processed easily with 

minimal mechanical investment in infrastructure. In Alaska, where agribusiness does not play a 

major role in the state-wide economy, small-farm facilities likely lack the necessary size in order 

to justify large projects; however, again, if several small farms can pool their individual waste 

resources, a commercial-scale processing facility may be justified. Alaska fisheries, however, is 

an industry that could benefit from generating biogas as a fuel source due to the large quantity of 

organic waste generated seasonally. For year-round biogas production, digester feedstock would 

require storage and feeding. Fortunately digesters are able to lie dormant for some seasons, and 

resume full operation over short times during other seasons. For Alaskans interested in biogas 

technology, a critical first step for projects at any level of operation will be waste stream and 

resource evaluation. 

  At present, the most basic method of anaerobic digestion gas recovery and the only 

current form of the technology being implemented in Alaska is that of covered landfill sour gas 

recovery. Projects of this kind are the most likely near-term application of the anaerobic 

digestion technology within far-north regions. Though this form of anaerobic digestion is 

considered to be the least efficient among the available technologies, covered-capped landfills 

benefit over other methods of anaerobic digestion in both scale of operation and minimal capital 

and maintenance required to operate them. Sour gas wells are currently installed at landfill sites 

in only two areas of Alaska, located in areas near Fairbanks and Anchorage. Projects in 

Anchorage as of now are the furthest along in the processing and utilization of landfill gas. 

Thirteen capped-wells are currently being tested at landfill sites located near Fairbanks, but no 

energy production efforts are yet underway. This summer, projects near Anchorage to install gas 

recovery, and power generation equipment broke ground and should come online within the 

year. Due to the relatively low population density of residents within the state of Alaska, 

anaerobic digestion projects of this kind are likely to remain the only project-type commercially 

viable as they combine secondary energy recovery on top of already required municipal waste 

processing sites and facilities.  

 Until resident populations increase to sufficient size where waste stream energy recovery 

processing equipment is justified, it is unlikely that biogas technology is likely to play a major 

role in Alaskaôs energy portfolio within the near future.  
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5. Economic feasibility assessment of the project  

 

UAF researchers worked together with the Institute of Social and Economic Research (ISER) to  

perform a Benefit-Cost Analysis and Sensitivity Analysis  to assess the economic feasibility of 

the project, make recommendations regarding the future of the technology for Alaskans 

interested in installing a reactor of similar scale within an individual home, and determine the 

technologyôs level of marketability to Alaskan communities at large.  

 

The following section of this report was compiled by Sohrab Pathan, research associate at ISER, 

and has not been edited by UAF researchers who wrote the Final Report.  

 

Introduction 

The psychrophile bio-digester in Cordova is a new technology that aims to produce low 

cost biogas for the rural Alaskans who live in extreme cold temperatures. The production 

of biogas varies significantly depending on ambient temperatures. The technology is in 

its research and development (R&D) phase which makes in-depth economic analysis 

challenging. This paper describes a preliminary economic analysis of this new 

technology. In order to provide a comprehensive study at this early stage in technology 

development, the analysis was prepared using a benefit-cost method and sensitivity 

analysis that show the impacts of variations in methane output, and diesel fuel, electricity 

and propane prices.  

 

Assumptions  

(1) The analysis is based on a conceptual bio-digester, not based on the actual bio-

digester located at Cordova  

(2) Project life of 10 years  

(3) Real discount rate of 3% 

(4) The biogas output at 30хC was not tested during the demonstration projectôs 
operation, it is an assumption based on literature review of the technology. Microbial 

metabolic rates were tested at 15хC and 25хC in Cordova. There is no extensive data to 

support that at 30хC this particular digester will produce 1,000 liter of methane in one 

day.  

(5) The price projection of propane was done using propane prices as published by the 

University of Alaska Fairbanks, Cooperative Extension Service Food Survey
1
. All base 

prices are for year 2010. The base price was $4.2275 per gallon for propane and was set 

to increase over time at 4.64%, the average percentage increase from 2007 to 2010. The 

electricity base price was $0.2942 per kWh, and the projection was set to increase at 

5.73%, the average percentage increase from 2003 to 2010
2
. The 'after Power Cost 

Equalization (PCE) adjustment' electricity base price was $0.1824 per kWh, and the 

projection was set to increase by 12.0%, the average percentage increase from 2003 to 

2010. Two diesel fuel price projections, medium and high were used, based on 

projections previously published by ISER
3
.  

(6) Cost for food waste is assumed zero since those can be collected from the 

neighborhood with minimal effort.  

(7) Labor cost is assumed to be $10/hr, adjusted for the opportunity costs of unemployed 

rural Alaskans (high estimate).  

(8) O&M costs are projected to increase 2.53% per year, the average percent change of 

Anchorage CPI over last twenty years
4
.  
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Benefit-Cost Analysis and Sensitivity Analysis  

Methane production levels from a bio-digester differ significantly depending on 

ambiance temperatures. Methane production levels determine the amounts of fuel 

potentially displaced. Hence this analysis reviews benefit cost ratios based on three 

different ambient temperatures: 15хC, 25хC and 30хC, and fuel price projections for 

three types of fuel: diesel ($ per gallon) - medium projection, diesel ($ per gallon) - high 

projection, propane ($ per gallon), electricity ($ per kWh) - before PCE5 and electricity 

($ per kWh) - after PCE.  

 

Estimates of displaced fuel quantities were based on the methane production at three 

temperature levels. The following heat values were used6: Methane: 1 cubic feet = 1000 

Btu, Diesel: 1 gallon = 138,690 Btu, Propane: 1 gallon = 92,500 Btu or 1 cubic feet = 

2,500 Btu, and Electricity: 1kwh = 3,412 Btu. Table A shows displaced fuel quantities 

for diesel, propane, and electricity at different temperatures: 

 

 

 

Table A. Estimated Fuel Displaced from a Psychrophiles Bio-Digester 

Diesel (gallon) 5

Propane (gallon) 7

Electricity (kWh) 188

Diesel (gallon) 32

Propane (gallon) 49

Electricity (kWh) 1,319

Diesel (gallon) 93

Propane (gallon) 139

Electricity (kWh) 3,767

30ςC

Displaced Fuel Quantity

15ςC

25ςC

 
 

Benefit -cost (B/C) analysis shows that B/C ratios for this developing technology are low 

(Table B). At 15хC, the benefit-cost ratio is 0.01 for displaced diesel with the medium-

price projection, 0.03 for the displaced propane, and 0.04 for displaced electricity-after 

PCE. Higher ambient temperature assumptions yield higher bio-gas production, hence 

B/C ratios improve marginally. At 30хC, the B/C ratios increase, but are still below one; 

0.25 for diesel at the medium price projection; 0.53 for propane and 0.96 for electricity-

after PCE. As Table 2 shows, the only scenario that yields a B/C ratio higher than one is 

at 30хC for electricity-before PCE which results in 1.06. Table C shows the net present 

values for each scenario. 
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Table B. Benefit-Cost Ratios Estimated for a Psychrophiles Bio-Digester 

B/C Ratio 

0.01

0.02

0.03

0.05

0.04

0.09

0.13

0.18

0.37

0.34

0.25

0.38

0.53

1.06

0.96Electricity - after PCE 

30ςC

25ςC

15ςC

Propane 

Electricity - before PCE 

Electricity - after PCE 

Diesel - medium projection 

Diesel - high projection 

Propane 

Electricity - before PCE 

Electricity - after PCE 

Diesel - medium projection 

Diesel - high projection 

Propane 

Electricity - before PCE 

Benefit-Cost Analysis Scenario 

Diesel - medium projection 

Diesel - high projection 

 
 

 

 

 

 

 

Table C. Net Present Values Estimated for a Psychrophiles Bio-Digester  
NPV of Benefit 

$168 

$254 

$356 

$716 

$579 

$1,178 

$1,775 

$2,490 

$5,010 

$4,539 

$3,367 

$5,073 

$7,113 

$14,315 

$12,969 

15ςC

25ςC

30ςC

1,706 1,912 2,142 2,4001,083 1,213 1,359 1,523Electricity - after PCE 770 863 966

1,830 1,935 2,046Electricity - before PCE 1,172 1,239 1,310 1,385 1,465 1,549 1,637 1,731

844 884 925 967

675

Propane 615 643 673 704 737 771 807

602 624 642 659

397 407 416

Diesel - high projection 335 421 495 536 560 581

Diesel - medium projection 302 332 343 350 359 367 376 386

597 669 750 840379 425 476 533Electricity - after PCE 269 302 338

641 677 716Electricity - before PCE 410 434 459 485 513 542 573 606

296 309 324 339

236

Propane 215 225 236 247 258 270 282

211 218 225 231

139 142 146

Diesel - high projection 117 147 173 188 196 203

Diesel - medium projection 106 116 120 123 126 129 132 135

76 85 96 10748 54 61 68Electricity - after PCE 34 38 43

92 97 102Electricity - before PCE 59 62 66 69 73 77 82 87

42 44 46 48

34

Propane 31 32 34 35 37 39 40

30 31 32 33

20 20 21

Diesel - high projection 17 21 25 27 28 29

Diesel - medium projection 15 17 17 18 18 18 19 19

2018 2019 2020 20212014 2015 2016 2017Displaced Fuel Cost 2011 2012 2013

 
 

 

Conclusion  

Operating a bio-digester in an arctic environment remains challenging. In order for a 

psychrophiles bio-digester to be cost effective, a number of factors are necessary such as 

higher ambient temperatures (30хC), higher prices of displaced fuels and/or electricity, 

and lower cost of construction or labor. Therefore, according to this preliminary 

economic analysis, the psychrophiles bio-digester is not yet a cost effective system to 

produce energy and/or to reduce energy costs of rural Alaskans. However, changes of the 

factors previously described could improve the cost effectiveness of this technology. 
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1 University of Alaska Fairbanks, Cooperative Extension Service - Food Survey. Survey 

data is available at http://www.uaf.edu/ces/hhfd/fcs/  

2 The average price increase for propane was calculated using prices for 2007 to 2010 

due to limitations in available data.  

3 Fay, G. and Villalobos Meléndez, A. and Pathan, S. 2011. Alaska Fuel Price 

Projections 2011-2035, Technical Report, Institute of Social and Economic Research, 

University of Alaska Anchorage, prepared for the Alaska Energy Authority, 13 pages. 

4 Consumer Price Index for Anchorage Municipality & State of Alaska Department of 

Labor and Workforce Development. Data is available at 

http://www.labor.state.ak.us/research/cpi/cpi.htm  

5 The Power Cost Equalization program is State assistance program that lowers 

electricity rates for eligible rural customers.  

6 Conversion factors as published by the U.S. Energy Information Administration at 

www.eia.gov 

 

 

 

 

6. Learning opportunities for curriculum enrichment  

 This section of this report was compiled by Adam Low, Cordova High School science teacher, 

and has not been edited by UAF researchers who wrote the Final Report.  

 

The biogas digester project has had a deep and tangible effect on the students at Cordova 

high school.  Increased energy awareness for the general student population was one of the 

broadest effects of the project.  Members of the Science club learned countless valuable skills 

from data collection to construction. The group that had the most tangible effect was the one in 

the initial chemistry class of 2009-10.  These 13 students had the opportunity to be a part of the 

application process for the grant.  They researched biogas technology, they made movies 

depicting the effects of biogas on their community, and a few of the students participated in the 

grant application presentation to the Denali commission.    

The education benefits that occurred during the course of this project are difficult to tease 

out of the plethora of experiences that happened.  This project has evolved in six phases that I 

correlate to the educational moments that occurred.  The following is a description of the phases.  

 

Stage 1:  Application for the grant 

As the teacher, I had presented the Denali Commission EET Grant to the students as 

something that had come across my desk and that there were some folks who were willing to 

work with us on this.  I took great care not to ñtellò the class that this was what we were doing, 

but to mention the opportunity and leave it dangling for them.  They asked me more about the 

project, and researched the grant proposal.  They came back with more questions about what 

class would be like, and I worked out a scenario whereby chemistry class would put down the 

textbooks and focus our energies on learning the specific chemistry and technical skills 
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necessary for the project.  I assured them that a fair grading system would be worked out.  

Several members of the class asked the group if this was something they wanted to do, and the 

resounding response was YES!   I cautioned them that this was more of a commitment than they 

alone would be able to make and that they would need to volunteer for the summer and next 

year, or else that they would need to get another group involved.  Three students in chemistry 

class were also members of the CHS science club.  These students brought the idea up at the next 

science club meeting and asked if they would be willing to help with the labor.  Two students in 

particular, Dani Hess, and Craig Bailer orchestrated the plan for the division of labor that would 

occur if the grant was approved.   This chemistry class had the exciting job of taking an idea, 

using Alaskan cold loving bacteria in traditional biogas digesters, and painting a picture of it in 

their first video assignment.   Of the four videos turned in, the students chose one video to be a 

part of the grant application to the Denali Commission.  Three students, Shannon Lindow, 

Jessica Smyke, and Craig Bailer, presented the grant proposal alongside Katey Walter Anthony, 

and Laurel McFadden in September of 2009.   

 

Stage 2: Preparation 

When the word came back that we had been awarded the grant, there was euphoria 

amongst these students.  Somehow they had affected something big. And real science was going 

to happen.  There was a buzz in the entire school and science club members, and chemistry class 

students gave each other high fives in the hall.  

In the chemistry class we began to accelerate the pace of our studies in an effort to be 

ready for the upcoming project.  We learned that the building where we proposed to do the 

project, The Cordova Energy Center, was not going to have a heat source by the time that the 

project was scheduled to start.  The students spoke with the Superintendent and he identified a 40 

foot container that had been used for storage as a possible location for our project.  The students 

took to cleaning out the container with enthusiasm.   

The arrival of Laurel McFadden and Katey Walter Anthony during the third week in 

November marked an exciting first step for the students.  Laurel McFadden arrived with buckets 

filled with lake mud collected from Goldstream Lake and the tools to set up some experiments.  

She gave an informative and thorough presentation to students in both the chemistry class and in 

the Science Club.  Over the long weekend and during the following two weeks students set up a 

variety of small scale experiments to attempt to measure biogas production.  The students gained 

a great deal of insight into the methodology involved in collecting biogas and in recording 

appropriate data.  Most importantly they had met the research scientists and had enjoyed the 

experience of working with them.  

 

Stage 3: Construction 

Building the biogas digesters commenced when TH Culhane, Katey Walter Anthony, and 

Laurel McFadden arrived in Cordova in January of 2010.  TH met the students and quickly 

assessed the situation with our 40 foot container, our tanks and other available resources. 

Students worked during class time, and science club students worked after school and on the 

weekends to help accomplish the physical setup.  This was a very exciting time in the studentôs 

education.  TH himself had been a science teacher in the past, and was very good at inspiring the 

students.  He painted a picture of a future where the technologies developed in our project would 

help keep mountain gorillas and snow leopards from extinction, and help liberate poor people 

from propane all over the world. TH spoke about the project and its potential impacts to many 

science classes, the school board, and to the community at an evening lecture series put on by the 

local Prince William Sound Science Center. 
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During the construction phase, students helped in a wide variety of tasks from digital 

documentation, to running errands, to construction tasks like gluing and cutting.  There was a 

push to get the digesters setup and the kids loved being a part of it. 

 

Stage 4:  Food Processing and feeding 

The feeding of the digesters was one of the areas of greatest student learning and 

involvement.  Laurel McFadden and Katey Walter Anthony outlined a very strict set of 

guidelines for feeding the digesters that insured a consistency across the dataset.  With these 

guidelines in mind the students from Chemistry class and Science Club set out to develop a set of 

protocols for taking the garbage bags full of food scraps and turning them into a food slurry.  

This slurry would be equally divided into six portions and fed to the digesters according to a 

schedule.   

This is the point where all students in the school knew the goals of the biogas digester 

study.  Signs about the project went up in the halls, the morning announcements included a 

message about recycling your food scraps, and large trash can with the words FOOD SCRAPS 

ONLY painted on the side was placed in the cafeteria.   

The initial method of processing food scraps was exceedingly slow, and quickly the 

students looked for ways to streamline the process while at the same time maintaining the level 

of quality.  This work fell to the students in chemistry class, as they had more time and the 

ability to work in groups of two or three on the task.  A variety of methods for separating the 

mixtures were brainstormed, built and tested.   The scientific team gave the students a high 

degree of freedom in the methodology for processing the food and this resulted in excellent 

training in engineering design and in communication skills.   

One aspect of the food processing and feeding process that the students addressed early 

on was the need for food storage.   The students quickly learned that feeding the digesters was a 

task that demanded considerable foresight, lest there not be enough food for the digesters.  In the 

early phases of food processing the quantity of food was being processed just before adding it to 

the digesters.  While this method was simple, there was not very much room for mistakes and 

equipment malfunctions.  Soon they began to process for the next day.  Ultimately this method of 

working ahead led to the processing of food in large batches and freezing the food for later 

thawing and feeding to the digesters. 

 

Stage 5: Data Collection and troubleshooting 

The students in the chemistry class and in science club learned a great deal about data 

collection during this project.  The importance of the continuity and quality of the data set 

necessitated the direct supervision of the measurements by an adult working on the project.  

Taking samples and correctly labeling them, measuring pH, dissolved oxygen levels, temperature 

and other variables were part of the responsibilities of the chemistry class.  Taking sub samples 

of the food slurry was part of the responsibilities of the science club.   Later on in the project the 

data collection was primarily done by student Craig Bailer under the supervision of Casey Pape 

and Adam Low as part of his independent study class.   

Troubleshooting proved to be a difficult task for the students to manage.  While general 

enthusiasm about the project remained relatively high, the fears surrounding ñmessing upò were 

proportionally much greater.  The students wanted a job that was systematic and straightforward 

to fulfill.   When things didnôt work out as planned, they didnôt want to try to figure it out and fix 

it; they would leave it, and talk to me or the UAF research assistant about it the next day.    

 

Stage 6: Science Fair and Presentations  
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In both 2010 and 2011 Science Club students brought biogas related projects to the state 

science fair.  The opportunity to present the results of a part of the biogas project was exciting 

and rewarding for the students.  Several of the students won awards at the state level for their 

work on the project.  

Highlights of the project were in the public presentations that the students gave in a 

variety of different venues.  From local presentations to the community, to keynote presentations 

at statewide conferences the students developed their skills in speaking and in fielding questions 

from the audience.  For many of the students this was a pivotal moment in the project where they 

felt a sense of ownership and pride in the work that they had done.  It can also be said that the 

adrenaline rush that comes with giving a presentation to a group of adults was sufficient to cause 

the students to really do their homework on the project and to practice their presentation.    

In April of 2011, students in the Science Club gave a presentation to a group of 25 

students from around Alaska attending the AASG (Alaska Association of Student Governments) 

conference at Cordova High School.  The participants were eagerly taking notes and asking 

questions about both the biogas digesters and about the process of working on a project of this 

magnitude in collaboration with local organizations and University researchers.  The students 

toured the methane digesters, and then visited the workshop where students had been working on 

the phase two projects.  The students were shocked to see the amount of projects that the science 

club was involved in.  In addition to the greenhouse used for testing effluent from the biogas 

digesters, and the electric generator that was converted to run off of methane, they saw a wind 

turbine that was being built from scratch, and a converted pressure cooker contraption that was 

being used to convert plastic bags into oil.   The science club students encouraged the students to 

find real problems that needed to be addressed, and then to seek out organizations and adults in 

their community who were interested in working on the same thing.   

 

Conclusion:   

Students at Cordova High School and other school districts have benefited immensely 

from the biogas digester project.  The most valuable overarching lesson that the students have 

taken is an attitude that they can tackle any problem with a systematic approach and the 

willingness to find resources.   

  

 

7. Final Project Expenditures  

This section of this report was prepared by Clay Koplin, CEO of the Cordova Electric 

Cooperative.  

 

Overview 

Per Final report guidelines, Final Project expenditures are to be itemized by the following 

categories:  planning and design; materials and equipment; freight; labor; project 

administration/overhead and other expenses.  These categories are not conducive to a research 

project, and do not reflect the budget categories presented with the final grant application.  For 

continuity and clarity, the final budget presentation reflects the originally provided budget 

format, so that the original can be referenced for measuring performance and compliance with 

the grant objectives and constraints. 

 

Executive Summary 
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As evidenced in the Final Budget Report, the financial execution of the grant exceeded 

performance requirements.  Both the UAF and the CEC and Cordova Schools portions of the 

grants were under budget for grant expenses, and exceeded the match requirements proposed 

with the application. Variances from the budget line items expenses are discussed in more detail 

below.  The grant application recognized that one of the greatest risks to the successful execution 

of the project was the performance of the Cordova High School Students in processing 

feedstock, disposing of waste, and collecting feedstock for maintenance of the digesters.  The 

student travel stipend to disseminate the successful results of the project was intended to perform 

as a contingency to account for any deficiencies in digester maintenance.  During semester 

breaks, the available student resources were not adequate to maintain the digesters.  Amendment 

#2 was approved to allow a budget modification moving $14,000 of student travel stipend to 

digester maintenance by Adam Low, who was thoroughly familiar with the needs of the 

digesters, and was able to secure permission to drop a class teaching commitment to supplement 

student labor.  This amendment is reflected in the final grant report as a $14,000 reduction of the 

student travel stipend line item from $40,000 to $26,000.  An additional line item, Teacher 

Support, for $14,000, was created to track and account for time spent on this task. 

 

Budget Performance 

The UAF digester construction, data collection, and evaluation of results tasks were 

performed under budget.  The technical assistance of T.H. Culhane during construction was on 

budget for airfare, and approximately $1,000 under budget for travel expenses.  Unfortunately, 

many of the receipts for lodging and food expenses by T.H. Culhane were either not provided by 

vendors or were not kept by T.H. Culhane which resulted in approximately $1,300 in expenses 

that were not approved for the grant, though credit card receipts supported the expenses.  This 

was largely responsible for travel expenses only being 30% of estimate.  Cordova Schools, UAF, 

and Cordova Electric Cooperative each provided T.H. the budgeted honorarium, which helped 

defray his travel expenses.  A data collection supervisor is reflected in the budget.  This was the 

originally proposed solution to cover school breaks and gaps in student maintenance of digesters.  

It worked for the first student holiday, but the data collector left the community and the teacher 

assistance was the final solution.  A minor $120 expense was incurred for hours of data applied 

to data collection by the Prince William Sound Science Center.  The development of a website 

was, in the opinion of the project team, an essential element of the students disseminating the 

progress and results of their work to students worldwide through their website.  A website was 

developed and charged to the student travel stipend.  This expense was questioned by the UAF 

grant administration office, and at their request, CEC agreed to offer an additional $2,500 cash 

match for development of the website.  This is reflected in the Final budget report as well.  The 

Cordova Schools match hours were widely spread and mingled for several tasks including 

feedstock processing, waste disposal, and feedstock collection, so these were combined into one 

line item match.  Similarly, Clay Koplin of Cordova Electric performed both the administrative 

and the majority of the accounting tasks for the grant, so these two tasks were combined into one 

line item for CEC match.  The plumbing and feedstock supplies line item was approximately 

50% over budget.  One of the first obstacles to the grant was temperature control, and more than 

half of the final cost for this line item was for foam board insulation and lumber to properly 

insulate the shipping container used for the digester housing.  Otherwise, materials expense 

would have been under budget for this item.  The plumbing supplies were adequately procured 

with available grant funds, and the CEC plumbing supplies originally envisioned as match 

supplies were too large to be suitable for the project, resulting in a small match contribution for 

materials.  The labor match of both CEC and Cordova Schools were more than adequate to meet 
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and exceed the grant requirement.  It should be noted that both CEC and Cordova Schools labor 

match are understated on the final grant report, and may conflict with the slightly higher match 

amounts indicated in the quarterly certifications because the hours spent on travel and 

preparation for the several presentation were not included in the final accounting of matching 

labor hours.  Several of the phase 2, project demonstration, expense items were not purchased 

because the school provided them.  These items were not presented as match, but helped defray 

project expenses.  Paul Cloyd, the owner of Northern Lights Electric, donated significant labor 

hours and materials to extending code-compliant electrical distribution to the container van 

housing the project.  A portion of the materials were purchased by the grant and by Cordova 

Electric.  The estimated value of these donations of labor and materials exceed $5,000.  They 

were not itemized on the final report, and represent additional match and support for the project. 

In addition to the Final Budget Report, a Summary of CEC and Cordova Schools match 

activity was summarized by task and quarter, and submitted as a more detailed presentation of 

the grant match accounting summarized in the Final Budget Report Spreadsheet. 

Finally, the 2011 Q3 expenses do not reflect the expenses for the Rural Energy 

Conference.  In keeping with the match labor expended for presentation travel, these hours will 

not be included in the final match, and no additional match hours of labor are anticipated for 

Cordova Schools or Cordova Electric Cooperative.  However, transportation, lodging, and 

expenses will be submitted for reimbursement, and are estimated under the Pay Request #4 

column.  The airfares, hotel rooms, and rental car have been reserved and their costs were 

included in this line item, while food and expenses were estimated at $50 per person per day for 

the four day conference.  UAF final expenses for this quarter will include final report preparation 

and submittal, and attendance at the Rural Energy Conference to disseminate results. 
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Appendix 1 : ACEP & CES Biogas Flyer 
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Appendix 2: Photo summary of the project 

 

       
 

 

 

   
 

 

 

 

Laurel McFadden coring for psychrophile-containing lake 

sediments near Fairbanks, Nov. 2009.   

Brandon Shaw collecting mesophile-containing cow manure 

at the Northern Lights Dairy in Delta Junction, Jan. 2010. 
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The Conex in first stages of construction behind CHS, 

with water pressure tanks outside.   

TH Culhane prepares fitting pipes for the 1000-L 

primary digester tanks.   
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Peter Anthony prepares construction materials.     

Culhane organizes pipe fittings. 
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McFadden and Culhane make internal fittings on a 
water pressure tank.   

Insulation panels going up inside the Connex, while 
McFadden and Culhane place the primary slurry 
tanks.   

First biogas flame is observed on January 21, 2010. 
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Materials for installing Sierra gas  flow meters.  Shaw wires flow meters to a data logger and 
computer.  

Complete digester set-up, with feeding pitcher, 
effluent test beaker, and running flow meter.   

CHS student monitors chemistry by measuring pH 
with litmus paper.  As of April 14, pH measurements 
are made with an Oakton PC510 meter. 
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Low and CHS students visit the Fairbanks Permafrost Tunnel with Kenji 
Yoshikawa after presenting at the AREC.  

aǊΦ [ƻǿΩǎ нлмл {ŎƛŜƴŎŜ /ƭǳō ǎǘǳŘŜƴǘǎ ŀŦǘŜǊ ƻƴŜ ƻŦ ǘƘŜƛǊ ǿŜŜƪƭȅ ƳŜŜǘƛƴƎǎΦ 

(In this picture: Craig Bailer, Ben Americus, Adam Zamudio, Sophia Myers, 

James Allen, Eli Beedle, Josh Hamberger, Keegan Crowley, Kris Ranney, 

and Carl Ranney)  
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Student Craig Bailer working with CHS teacher Adam Low to 
try and obtain gas samples from the aquarium in mid-
November. Despite being almost completely frozen, a very 
distinct bulge was observed to contain flammable gas.   

Aquarium pictured here with a car battery jacket in an 
effort to thaw out the tank. The jacket worked very well 
and was used periodically to prevent freeze up.  

Automated bubble traps were installed on 10/15/2010 in an effort to monitor total gas 
flux from digesters 1, 4, 5, and 6 into the Sierra Top-Trak Mass Flow meters  
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The new greenhouse experiment is currently up and 
running inside of the Cordova Energy Center. Inside are the 
starts of several experiments which use effluent samples to 
test its possible use as a liquid fertilizer product  

Student Craig Bailer is pictured preparing a weekΩs 
worth of food for the digesters. The apron and eye 
protection are more a precaution than a necessity as 
the process can be messy.  
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Newly installed gas outlet system. Work was completed retrofitting all tanks on February 
25, 2011. The new system only uses standard pipe and gas fittings and the sealant used is 
Teflon tape. This system is easy to maintain and service in case of future leaks. 

Following the installation of new gas outlets among all of the tanks in the 25°C room each tank began 
demonstrating the ability to hold pressure. Here each tank is pictured accumulating biogas prior to a venting.    



55 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

CHS students and teacher Adam Low pictured at the Alaska Forum on the Environment in 
Anchorage, AK. The conference was held between February 7-11, 2011 and the students 
participated in a variety of events show casing the project. The students presented posters 
on work with biogas as well as presented among other youth oriented projects.    

CHS student and teacher Adam Low pictured with Alaska State Senator Albert Kookesh. 
Kookesh met with students following their presentation on Biogas to the Denali Commission, 
emphasizing the need for projects that include participation among Alaskan youth. The 
presentation was held in Juneau on February 14, 2011.    
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StǳŘŜƴǘ .Ǌƛŀƴ ǎŜŜƴ ƘŜǊŜ Ŧƛƭƭǎ ŀƴ ƛƴƴŜǊ ǘǳōŜ ƛƴ ƻǊŘŜǊ ǘƻ ǳǎŜ ƛǘ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ 
classroom for science experiments. The inner tube demonstrates the idea that a 
simple and elegant containments system provided by using bags or other 
collapsible structure ultimately has several advantages over other previously 
explored collections systems.   

Student Craig Bailer and others working with CHS teacher Adam Low demonstrating the heating 
potential of biogas. Students later recorded a video showing the ability to boil water with biogas 
collected from the experiment.  

Updated photos of the student greenhouse experiment. The interest here is in order to 
test if the effluent from each tank has potential liquid fertilizer benefits in addition to 
producing biogas.    


