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Summary

Energy is a high cost, imped commodity to most Alaskan utilities. Biogligester
systems, which take organic material into artigint tank, where microbes break down the
material under anaerobic conditions and release meti@nbiogas, may offer an alternative
energy solutin. 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. Whilessaiall
biogas digesters are being used by thousands of households in India, EgypRi€nsiad
other warraclimate countries, seasonal limitation to biogas production is experienced in colder
climates due tehe shutdown of mesophilic (warm loving) microbial communities in winter.
This project set out to improve the efficiency of biodagsteraunder cold climate regimes by
inoculatingdigesterswith activemethaneproducing psychrophiles (coldlerant microbes)
readily available in Alaskan thermokarst (thawing permafrost) lake Ragchrophilic
methanogens, despite a temperaturenmyotn of 25°C, still actively produce methane yeaund
at temperatures as low as 1°C, unlike conventional microbes.

The objectives of this project were to: Test the potential forad&pted microbes
collected from an Alaskan thermokarst lake to improegas 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 dsieéiagplications to
evaluate their acceptance andtaumability 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 | of the twiyear study, we used an exjpeental approach to compare biogas
production rates from psychrophili@ke mud)vs. mesophilidmanure)microbial consortia in
six small, 100€L household scale digesters under two relatively cold temperature regim€s (15
and 2%C). Phase Il researchdased 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 tempandture a
pH fluctuations. Among our experimental digesters, tanks containing psychrophileake mud
produced more biogas (275 + 82 L g&ds mheant standard deviation) than tanks inoculated with
only mesophileich manure (173 + 82 L gas'yj however, digster 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= 34.35*TenperatureXC ) 432] to the temperatures
typically used for biogas production in warmer climates48&C), it is possible that our
digesters would have produced 7940 L gas &, a rate similar to that reported for warm climate
digestersWithout knowing the tempature 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 psychrophith lake mud is a viable source of microbial
inoculum forproducing biogas at cold temperatures, albeit at o628 of rates typical of
warmer temperature regimédther benefits of the psychrophileh lake mud digesters included
reduction of foul odor and a source of nutrigioh, liquid organic fertilizefor growing plants.

Combining the observed biogas production rates with thetirmg mean methane
concentration of biogas collected from the digesters (~67%b@Molume), biogas had an
equivalent BTU rating of 3,956,270 BTU per digestqrer day (nean) and 2,750 BTU per
digestemper day (maximum).



In Phase II of the project, we designed and implemented a new gas collection system
suitable for smaikcale applications in Alaska. The system, based on a telescoping holding tank
principle, is simpleand 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 totdamons
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 simgfieer stove, powering of agycle
lawn mower engine, production of electricity using a cor@tegaspowered generator and use
of digeser effluent as liquid fertilizer in a student greenhopsgect

A BenefitCost Analysis and Sensitivity Analysis to assess the economic feasibility of the
projectshowed thasmall scale biogas digesters aot costeffective at the current prices of
displaced fuels and electricity. Replication of the small, housedwalé biogas digester
technology is unlikely in Alaska due to the heat and energy requirements of maintaining
digesters above freezing in winténe time required for building and maintenance, and the
relatively low energy yield. However, largeale digester projects are becoming more
widespread in the United States, Europe and elsewhere globally-dcaigebiogas operations
may have potentiah 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, preventtedse 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 energyosts 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, methangch gas, known as biogas. Modern implementation of the technology is
wide-spread throughout urban and rural communities in India antbChith 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 produeghamne in anaerobiconditions (without
oxygen).This process can be observed in nature in bubbling methane seeps from lakes, peat
bogs, and other organich oxygen deficient environments (Walter et al., 2006).

The basic concept behind a biogas digasteo create an ideal environment for a
methanogenic microbial community, and then harvest the methane which it produces over time.
As the microbebés needs are minimal, a relatiwv
organic, watetogged, foodsubstrate, 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 vente
from a biogas digester, useful work can be performed by diverting and combusting the gas in
variety of conventional gasowered devices.

Temperature is major restricting factoin biogas technologgHouse, 1978, Massé et al.,
1997, Gerardi, 2003). Td#ionally, ungulate manureontaining mesophilic (war#oving)
microbess used as aource of both methanogens and substEseh addition of manure to
anaerobialigesers simultaneoushguppliesmicrobes and organic materiallowing convesion
of organic matteto methaneich biogas.However,the metabolism of mesophiles slowssbus
downat cold temperatures (usually below28C). This requires that digesteemploying
mesophilic microbebe stored indoors, heated, or retired in the cold season.

If solutions to this temperatutienitation were achievediogasechnologycould prove
an excellent alternative energy source for rural Alaskan communities which face particularly
high fuel costs and have a per capita energy consumption rate oectirties the national
average (EIA, 2011). It is already known tpaychrophilic(cold tolerantimetranogenghrivein
cold lake bottom mud across Alaska and Sib@rnaducing methane year rounthese microbes
have been shown to produce strong methaepssim thermokargpermafrost thawlakes even
in the middle of winter, at temperatures close to freezing (Walter et al., 2006, 207 this in
mind, this projecset out to tedhe capacity opsychrophilicmicrobescollected from Alaskan
thermokast lake sediment® improve biogas productian existing smakscaledigester
technologyunder cold temperatures

In Phase bf the twaeyear studywe used an experimental approach to compare
biogas production rates from psychrophilic vs. mesophil@obial consortia in small,
household scaldigestes under two relatively cold temperature regimexCland 2%C). Phase
Il research focused on the utilization (the capture, compression, analysis and usage) of biogas
produced during the projeahd assesment of this technology for application in Alaska



1b) Project Goals and Hypotheses

The objectives of this project were tmprove the efficiency of existing methane biogas
digestes operating at cold temperatures by utilizing eafthpted microbefsom thermokarst
lake bottomsproduce a renewable and alternative fuel, reduce the release of harmful greenhouse
gasses, and implement dwellisze applications to evaluate their acceptance and sustainability
for wide spread application in Alaska.

In experimeral Phase,lwe tesedthe 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 withtotgédant
microorganismsgsycrophiles) from thermokarst lakes will produce more biogas than
tanks inoculated with wardoving microorganisms (mesophiles) in manure.

H3: Despite psycrophiles having an advantage over mesophiles at cold temperatures,
biogas production at cold temptraes (1525 °C) will not be agireatas at warm
temperatures (350°C).

Phase Il Objectives:
O1: Demonstrate the capture, storage and utilizatiggraduceddiogasto power
householescale appliances
02: Evaluate the technology with respect to the piztkfor its practicalapplication in
Alaska.

1c) Project Team Personnel

The project wasdministered through tHéordova Electric Cooperativepnducted
largely on site at the Cordova High Schadth participation from students and their science
teacler, andconductedy researchers ahé University of Alaska, FairbankSpecific poject
participants included

Cordova Electric Cooperativehttp://cordovaelectric.com/
Clay Koplin, CEOi Grant Administrator.Koplin administered the financialpects of
thegrantandservel as a technical advisor to the project.

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

Katey Walter Anhonyi Research DirectorWalter Anthonyspearheaded the scientific
goals and directions of the project. She pro#isigentific expertise and project management
andcontributed to data analysis, interpretation egqbrtwriting. Anthony led preparatioof the
Final Report.

Casey Pape PrimaryResearch Technician. Pape workedh extensivelyn-site in
Cordovaand from Fairbankmaintaining the digester experiment, including data collection,
analysis, and troubleshooting. Papatributed substaraily to the preparation of the Final
Report and led preparation of most other reports

Laurel McFaddefiResearch Technician. McFadden, served the project as Research
Technician from the start of the project until August 2010 and led preparation obtjesBi
Handbook for Alaskans.



http://cordovaelectric.com/
http://www.alaska.edu/uaf/cem/ine/walter/

Dane McFaddei Project InternMcFaddena Stanford Universityundergraduate
student helped maintain digester performance during August 2010.

Peter Anthony Research Technician. Anthohglped set up the project in Cordov
providel technical expertise to the maintenance and application of digemtelonducted gas
chromatography analyses

Cordova High Schoolhttp://blogs.cordovasd.org/chs/

Adam Lowi Science TeacherLow was integral imealizingstudent involvement via
classroom curriculum and extracurricular projects.

Cordova High School Studerits/olunteers. The students of Cordova High Schaexie
highly involved with construction, feeding, maintenance, aiestration of the use of biogas in
science fair projects for Phase I, 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, Jamesef| Eli Beedle, Josh Hamberger, Keegan Crowley, Kris
Ranney, and Carl Ranney).

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

Thomas AT H @BiodasBxped.@Quhaneprovided extensive technical
knowledgeand participated in building digesters in January 2010. Through collaboration with a
National Geographic Society outreach patj Culhane used psychrophilic effluent from the
Cordovadigestes to initiate new biogadigestes in Europe, Asia andfAca.

Sybille Culhang Co-founder of SOLAR Cities. S. Culhane assisted in initial
construction efforts and managing financial aspects of SOLAR Cities involvement.

Others http://www.cordovaenergycesitorg/

Brandon Shaw WebsiteDeveloper Shaw designed the CordovaEnergyCenter.org
websiteandassistedn digestersetup in January 2010.

Jeffrey Wernei State FFA Director. Werner is interested in using the effluent from
anaerobic digesters asiguid fertilizer for agricultural crops.

Bernie Carli Owner of Chena Hot Springittp://www.chenahotsprings.con€arl has
expressed interest in deploying a large scale biogas digester at Chena Hyst ®pmieet fuel
needs and enhance greenhouse agriculture.
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1d) Project Timeline

Biogas Project Timeline

(Jan. 2010 - Sept. 30, 201 1)

Jan  Mar May Jul Sep Nov Jan Mar May Jul Sep  MNov \
[T T T T T e e T e e T e e T e e e e e e T
2010 2011

Phase | IPhase I Phase 1 ]
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\ ( Gas flow measurements and methods ]
Chemical Remediation

: ; C:J Demonstrate Gas
Tank Retrofit: Leak and Seal Repair D L
Applications

[ Gas Collection

System |
Handbook
Gas and Nutrient Analysis Final Draft

Diassembly of the project site C)

EETG Project Presentations in Juneau O

O Project Presentation at AFE

Students Present at AFE O Ahska Rural Energy Conference O
Operation and Scaling Re commen dations O
Student Science Fair Projects O

Economic Assessment (performed by ISER) [j

Final Project Report O

l Yl I
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Y1 Quarter 4IY2 Quarter IIYZ Quarter 2 IYZ Quarte,n@

2010 2011

Lo b beercn becreebvecrc v bveen e bornen oo b
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2. Methods

Phasel

2a. Experimental design. Figure 1 shows the experimental design of the Cordova anaerobic
digesterexperiment of Phase $ix 1006L Sorbitol HDPE container@anks) obtained from

local Cordova fish processing facilities, were converted into single-sattshanaerobic

digestion reactors and inoculated with methanogecobial cultures obtained from

thermokarst lake sedimentskairbanks (psychrophiles) and manure from Northern Lights dairy
farm in Delta Junction (mesophiles). The reactors were placed inside dbat4tbnex,which

8



we lined with R10 Owens Corning foam board insulatioe built a wall with a door in the
middle of the Conex to create two separate rodrhseetankswereplaced ineach ofthetwo
rooms thatvere maintained at approximately 15(®ld) and 25°C(tepid). We do not consider
the 25AC room to be 6warmd si ncemlavingner ous ot h
mesophiles prefer temperatures closer to 3T&nperature was controlled with00W
radiator heaters
Within the separate rooms, each of three tanks was inoculated and labeled with one of the
following microbial treatments: Lake mud onlysgghrophiles; 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. Tés were filled 7/8 of the way full with warm tap water.

Cold Room: 15C Warm Room: 25C

= =

Psychrophiles | Psychrophiles

Mixed Psychrophiles Mixed Psychrophiles
and Mesophiles and Mesophiles

Mesophiles Mesophiles

Figure 1. Phase 1 experimental design to compare biogas production efficiency of different
combinations of psychrophilic and mesophilic methanogen communities undeaid 2%C
temperature tréments.




(g

CO PVCpipe

m= Clear plastic tubing

= Electrical wire
Pump equipment

@ Water Storage Tank

@DF -
® Olisy

sl %

Gas Storage Tank

Primary Tank

Figure 2. Schematic showing thdahk 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 gasttai. After experiening considerable drawbacks of the water
storage tankand gagpressurization system, we removaanponents ® and eitheexhausted
biogasoutsideor collected and pressurized biogas in a secondary, telescoping holding tank that
required no external powsource.

Hobo temperature data loggers (HOBO water temp pro v20022 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 temaperstratification. Both
rooms within the Conex were monitored by Onset pendant loggers (HOBQDRB4).

Cordova local area temperature data was obtained from online sources
(www.wunderground.com).

On February 19, 2010, the reaction vesa@re sealedb facilitate microbial Q@
consumption in the tanks for the establishment of anaerobic conditiatial physical and
chemical data on starting conditions were recorded.

2b. Tank chemistry measurements.

We measured pH, dissolved oxygen (DO) and atxich reduction potential (ORP)
initially three times per week, and latgeekly, in 100mL samples collected from each of the
six digestes. pH measurement were initially quantified by visual assessment using Macherey
Nagel litmus paper (used until Apfib, 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 P2002 Multi-Datalogger from January 210 April 9, 2010 before more
accurate instrumentatiovas available (Oakton PC510 ORP meter). Dissolved oxygen
measurements were recorded with an Xplorer GLX Pase20P3 MultiDatalogger until
March 24, 2010, and later with a Hanna HI9142 DO meter.
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2c. Feeding digestrs

Once it was established throughemistry measurements that the tanks weostly
anaerobi@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
methanogenesi accordace with conventional warstemperature, smaficale biogas system
protocols (Samuchit Envirdech Pvt. Ltd.),sudent s from Cordova High S
classfed each tank a-Rg organic slurry consisting oflg wet food weight plus-kg water.
Foodscras from the school lunch halverecollected daily and processed in large batches by
way of an industrial sink disposal (Appendix 1). The processed food scraps were then divided
into measured-kg portions, labeled and frozen in a large storage frdeeept i n t he scho
science classroom. Each day, individual portions were removed from the [ftbanexd, and
fed to digesters hr ough a 20 PVC (schedule 40) pipe tha
into the reactor vessel, into the water ligusstr the time of feedingreactor gas valves were
closed off ancequivalent volume of effluent was removed via a 1 inchaile located mid
level in the side of each tank. After each feeding treatment was performed, the students re
opened the reactor gaalves and caed the feed inlet tub&ffluent was disposed of through
the local storm water sewer system, located near the project site.

2d. Gas flow measurements

Gas flowwasmeasured in redlme from February 18 December 11, 2010 using mass
flow meters installed #ine with the gas outlet valve on each reactor vessel (Sierrd flagk
820 Series) For better quality measurements, later gas flow data were obtasimegithe same
flow meters, but on differentaborintensivesampling intervals As ofDecember 2010, all
monitoringof biogas production was performed by closing off tank gas outlet Viavés3
hours toallow the reactors to build positive pressure. As the tanks began to distend, pressure was
relieved by partially opening the lva and allowing biogas tibow past the mass flow meteas
a higher rate, which was in the range of the flow meter calibration

2e.Gas composition analysis

We samplediogasfrom the outflow pipes of eaatigesterover the course of the two
year stidy. Samples were collected in6®ml glass serum vials, sealed with butyl rubber
stoppers, and stored under refrigeration in the dark until analysis in the laboratory follegving
method described in detail byalter et al. (2008). We measured the com@ion of methane
(CHy), carbon dioxide (C¢), oxygen (Q) and nitrogen (B in samplesusing a Shimadzu 2014
gas chromatograph equipped with an Bzl TCDat 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 experimentSamples were stored #0-mL scintillationvials, sealed with paraffin tape
and frozen ossite until being sent to tHéniversity of Alaska, FairbanR&/ERC labfor 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 rab (1:5).

11



2g.Odor. Qualitative observations of odor from digester effluent samples were recorded.
Phasell
2h. Biogas collection and storage

Initially, a gas storage system was constructed outside the project Conex and used to
store biogas via a Wer-pressure and pump systenine 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 Alaskaronmentswas
disassembled, allowing biogaswentfrom digesterso the outside atmosphert June 2011, a
telescoping 50@allon (approx. 200Q) HDPE tank was installed esite to collect and
distribute biogas produced inside the project Conex containeif{etbftom 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,
St andar di z evalve andemgla flaring wetelused to make further connections down
line of the storage vessel.

The larger 1000 gal containment vessel was filled with approximately 500 gal oftavater
save asanair seal for the top gdsolding tank. Pressurization of the gas wagormed by
placement o waterfilled 1000L HDPE tank above the floating tagkig. 3).

® ®

Biogas
Storage Tank

Figure3. Schematic of a successful telescoping gas collection agidtribution systeml)
Feeding tube 2) Effluent pipe 3) Primary gas outlet 4) Storaliector inlet 5) Gas outlet valve.
The biogas storage containeasfilled approximately half way full in order to create an air seal
for the collector vessel above. The top floating collection vegasglopen at the bottom
Additional weightwas placed o top of thefloating tank to increase biogas line pressure.
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2i. End use testing

Biogas combustion demonstrations were performed using a convertedmsingbe cast
iron stove with 3/ 80 rmMaNGKITaRoweggerseratmo nver si on K
demorstrations were performed using an 1880generator with €ycle Subaru engine (Husky)
with atri-fuelc ar bur et or conversion kit installed. Al
compression to female swivel flares for ease of operation.

Additional studenscience projects and demonstrations were performed with biogas
stored in car tire inner tubes. Air hose I|line
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 | and
quarterly reports.

3. Results
3a. Temperature control in the Conex

Temperature fluctuations inside the project Conex clasatyicked changes in ambient
outside temperature at the Cordova study &iitg. ). Theaveragetemperature: standard
deviationrecorded in Cordova for the study periddnuary 15, 2010 June 15, 2011yvas
3.6°C. Though experimental room temperatures drifia 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 recordedt égiod @ 6r @oam t emper af.lfCGands25.6H1 t he C
°C respectively.
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Figure4. Ambient Cordovanean dailyair temperature (grey) amdean hourlyoom
temperature in the Connex Ocol doéypérind, daeuary and O
15, 20101 June 15, 2011.
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The averagéemperaturef digester slurryrecorded from temperature loggers located at
the bottom of each tankaried by as much as 3.3 °C among tanks within each of the two rooms
(Fig. 5) The arerage temeraturet standard deviatiom each tankvas tank 1 (15.9% 6.7C),
tank 2 (16.1+ 7.1°C), tank 3 (14.8& 6.0°C), tank 4 (22.5 4.3°C), tank 5 (22.& 4.3°C), and
tank 6 (19.5: 4.4°C). When available, data from loggers placed in the tops of &nksed
higher temperatures than loggers placed at the bottom of faigk®)(
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Figure5. Mean hourly temperature of the data loggers irbtiteom of the digesters. Tanks31
were located in the cold room, while tank§ dvere located in the tepidam. Digester
temperatures tended to track room temperatures, which followed the trend of outdoor air
temperaturegFig. 4).
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Figure6. Temperature at the top (dashed lines) and bottom (solid lines) of three digesters. The
temperature differences withindividual tanks indicate thermal stratification in digesters.
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3b. Digester chemistry

Measurements of pH, oxidatiwaduction potential (ORP) and dissolved oxy@e®)
wereconducted to monitor conditions inside digesters over the course ofgeneent, 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 drifigdificanty from neutral pHowards
acidic pH during thénitial partof Phase 10n March 22, 2010, digester feeding regimens were
halted and chemical remediation treatmeatsmimencedising calcium carbona{€aCQ),
calcium oxide (limeCaQ and sodium hydroxideNaOH)in order to restore digester pH to more
neutral condions.On June 6, 2010, chemical remediation treatments were stoppéeldeand
feeding schedule recommenc@&y. September, 2@ all tanks hadecoveredo a neaneutral
pH, except tank 3, which remained aciditie finalpH values, recordedune 11, 2011yere:
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).

10

pH

12/5/09
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2/27/110
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7/17/10
8/14/10
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10/9/10
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12/4/10

1/1/11
1/29/11
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5/21/11
6/18/11
7/16/11

Date

Tank 1===Tank 2 Tank 3====Tank 4===Tank 5 Tank 6

Figure7. pHof digester slurries in sianaerobidigesters from January 2010 until June 15,
2011

Theoxidationreduction potentialORP) of reactor effluentrecorded throughout the
experimentwas 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 T&r8 (Fig.8).
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Figure8. Oxidation reduction potential (ORP) in anaerobic digester slurries.

Measured solved oxygeriDO) levels were lowbut rarely zeroduring the course of

the project. The Hanna instrument used to measure DO was reportedrdyeerly calibrated
on several occasions during the fall of 2010, resulting in slightly elevated levels of DO being
recordeddata not shown)After servicing in Decemb&01Q DO measurements returned to
values observed earlier in the project (R
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Figure9. 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 twoweeks after initial set up, all tanks were producing flammable biogas. The methane
content of the gas decreased when tanks acidified in winter 2010 due-feexieg; however,
flammable biogas production was again demonstrated in all tanks excepTamks by
December 201(QTable 1). Throughout the duration of the project we qualitatively observed that
anaerobic digesters in tiepidroom produced more biogas than digesters in the cold room.

Table 1. Results of flammability tests

Tank First positive Last confirmed flame
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 errageb times highein the psychrophile@nly digester in
the 25 xC room(Tank 4; 275 + 90 L gas'dexpressed as average + standard deviatiompare
to the psychrophilenly digester in the 1%C room (Tank 1; 46 + 23 L gas'(Fig.10).

The psychrophilenly Tank 4 (275 + 90 L gas®ihad the highest average bésg
production rate among all digesters, and produced roughly 60% more biogas per day than the
mesophileonly Tank 6 (173 + 82 L gas™lin the 25xC room. Tank 5 in the 26 room
containing a mixture of gshrophilerich lake bottom mud and mesophiieh manure,
produced biogas at a similar average rate to Tank 4 (265 + 80 [gamd exhibited the
highest maximum daily production rate among all digesters (559 L fjatudng the period of
measurements.

It should be noted that these biogas puobidun rates wera@pproximateestimates 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 (T@hl®ue to a lack of sufficient pressure (e.g.
low biogas productionn Tanks 2 and 3 we were unable to obtain flow rate measurements in
2011.
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Figure10. Biogas production, normalized to 100®f slurry perdigester observed in Tanks 1,
4, 5 and 6 during winter 201Eluctuations in production are an artifactloé sampling method,
where tanks were sealed feB6iours to build pressure in between gas flow readings.
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Table2. Daily biogas production values for winter 2011, normalized to 40060slurry volume.
Thevalues rpresent average gas productioithim a 24hr period for each tank. On several
occasionsbuilt upgas pressure contained in the headspace of the reactors caused tanks to expel
some of their liquid contents from the tarfkedicated by *) Dates of occurrences of tanks spills
wereboth de@umented and undocumented as students may not have reported a spill during
several instances when researcher and teacher support was not available.

Gas Production Summary Data (L gajsrd)rmalized to 1000-L of slurry)

15°C Room 25°C Room
Date Tankl Tank2 Tank3 Tank4 Tank5 Tank6
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 a7 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
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Figurell The linear relationship between average daily biogas production and the average
temperatre 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 experimdntgeneral, all tank headspace gases exhibitacha
increase in methane (GHconcentration from the start to end of the study (E&y. 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 feediagtbe holidays leading to
increased methanogenic/amgtnic activity ratios (Masse, et al., 199 hwever, subsequent
samplesollectedduring the second yeaf the projechadan averagenethane concentration of
65%by volume similar to most anaerobdigester operations (480% CH;) (House, 1978)

Though the target, highnergy molecule in this experiment was methane, other gases
also helped illustrate microbial activity as well as overall system health. (F34.5).
Atmospheric gases, such as ogggand nitrogen, were fourarly in the studyn significant
guantities (> 5% by volume) among certain tanks, but decreased in samples collected later in
phase 1 and 2 of the project (§i§ and 7)after discovered leaks were repair8dveral 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 mkdrgeé atmospheric gases as
the headspace ttie containment vessel was not completely evacuated prior to collecting biogas.
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Figurel2. Methane (Ch) concentration in biogas samples determined on a Shimadzu 2014 gas
chromatograph equipped with FEhd TCD. The ®@ncentration of gases presented as percent

by volume. It should be noted that 70% Qi Tank 4 shown for Aug. 28 and Sep2d10was
calculated as a correction to lower concentrations measured in samples due to a leak in the
sampling sgtem. Both the samples from August/September Tank 4 had the same
methane/carbon dioxide ratic4.4 Based on a review of the other biogas samples, this should
put the methane level of the biogas at-7680, 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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Figure1l3. Concentration of carbon dioxid€QO,) in digesters, presented as percent by volume.
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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 biogas. The highest observed production rate of any given 1000
L tank within a twentyfour hour period was§59-L d*(Table2). Combining the observed
production ratewith the average methane concentration of biogas collected from the site (~67%
CH,4 by volume), gas collected at the end the project, had an equivalent BTU rating of
approximatelyl,275BTU day" per digester Applying the average methane concentration to the
average production rates observed in the tepid room digesters, the average BT toprogisc
3,9506,270BTU d* per digesterlt 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 asnieghane conterdf produced biogas chardjever time
(Fig. 12)and should therefore be viewed only as a helpful approximation of gas heat.content

Equation 1. Rating BTU content of biogas

Production Rate X Gas Composition % X Density of CH, @ 1bar
100

=g CH,

g CH, = moles of CH, per daily output

891kJ
mol

n Mols CH, x

CH, = nkj per day*

1kJ = 0.95BTUs - equivalent measure of gas energy content

* MSDS for Methane (source: encyclopedia.airliquide.com)

3f. Nutrient content of digester effluent

In addition to methanenergybiogas digesters have the added benefit of producing
nutrientrich organic fertilizer that can be used in agricultural and horticultural eftfftaent
samples collected over the course of the experiment yielded mixed results with regard to the
amount 6 available nutrients produced from each tank. Analyses were conducted to test the
relative concentrations of chloride, fluoride, nitrate, nitrite, phosphate and sulatgsHigh
Pressure Liquid Chromatograpl®ther tests to measure concentrationsyohania and
ammonium were not availabl&amples were run after proper calibration tests were performed
to ensure accurate measurementtartchck instrument performance during the analysis. @)ig

Concentrations of only chloride and phosphate measalbyede the detection limit of the
instrument used during the analysis. Chloride is commonly used for potable water treatment and
showeda strong absorption signial all samplesThis is explainable through the projects use of
tap water during the coursétbe experiment. Phosphate concentrations were observed in most
samples in low to moderate concentratioii(sgtween 55 ppm (Table).
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Table3. Phosphate concentration in liquid organic fertilizer sampled on n different Adtes.
samples were ruan a Dionex LC 20 chromatograph with Chromeleon data processing software
package.

Phosphate (ppm)

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

3g.Odor

Qualitative measures of relative odor among tanks were noted during the research phase of the
project We found that digesters containing lake raumdly hada moreagreeabl®dor than
digestergontaining manureTanks inoculated with psychrophilic methanogéom the

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

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

ani mal manure, -tihieedradot i oommombyrrmsed to de:
facilities, commercial and smadcale.Upon wafting, even the lak@ud-only tanks exhibited a

strong ammonkdike smell. Analytical instrumentation was not available for quantification of

ammonia, though ammonia is commonly observed in other badgastergBrock, et al. 1970;

House, 1978; Gerardi, 2003).

Phase Il Results
3h. Biogas storage

Phase Il efforts todallect, store, distribute and demonstrate-asd applications of the
biogas technology were largely successful. We designed and implemented a new gas collection
system suitable for smadicale applications in Alaska. The system, based on a telescoping
holding tank principal (Fig. 3), is simple and eagyssembl@n 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 (~2000lgdheéssel,
though brick or other weight equivalent could be used in areas were water resources are scarce.
During the phase 2 experimensthgesthe gas was collected from the primary digesters in the
Conex using the telescoping storage system, angedetl 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 ironlsurglker stove,
powering of a 4&ycle lawnmower engine, production of electricity using a converted gas
powered generator and usedidestereffluent as liquid fertilizer in a student project greenhouse.
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3i. End use testing

Demonstrahg smallscaleapplications of biogas technologsasthe primary goal of
Phase. Through a variety of projectgilizing combustion, conversion, and transduction
capabilities of biogas energy as well as progidducational opportunities for students interested
in alternative energies. Phase 2 demonstratmristhe form othe continuoupoweringof a
combustion engine and electrical generator,afiseogasas a stove fueind application of
organicliquid fertilizer obtainedrom digesteeffluent These demonstration projeeshanced
the curriculumof Cordova High School students who worked with and presented their findings
on the project in multiple appearances at conferences around th@Btategyraphs of the
demonstration projects are provided in ApperiliXhe followingsectionaddresaseach ofthe
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 trifuel gas conversion kithis 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 therpressu
of biogas delivery to approximately @8i and injecting small amounts of ether starting fluid,

the generator fired on the first draw of the gilrt cord. At pressures below {S&i the engine

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

to sustain 120V 60Hz AC power. Generator performance was monitored with a 3300K

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

We achievedncreagdgaspressure bydding a second tank on top of the telescoping
collection vessel used to store gas and filling it with approx. 175 Gal of watgey@15°C =
1000kg/n? or 8.34 Ib/US gallon). The resulting water weight (approx. 1500 Ibs) was enough to
increase the pressim the gas line to about 68i, 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 smadicale anaerobic digestechnology around the
world is in production of biogas for use as a cooking fuel. With minimal amounts of positive
pressure, biogas from the Cordigestersustained a continuous, clebarning flame once

ignited by local spark and/or flame. By adaptingaat iron singléurner 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 stohterd of water were boiled (¥

15°C, paced 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, consugihg 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 (Tal®e Cordova High School studerttssted

samples of rezor slurry in a controlled greenhouse experiment to provide further evidence on
nutrient qualities ofligestereffluent. To duplicatesets ofplants students supplied either the
liquid fertilizer from thetank 4digester or water as a controlTank 4 dfluent exhibited
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considerable nutrient values when applied to several different plant spébiesgreenhouse

trials. Nutrient analysis of all tanks later confirmed elevated levels of phosphate as high as
55ppm (Table 3), indicating potential use asrdilizer treatment to soils lacking in sufficient
nutrient content (Swift, 2009%tudents contend that there was a noticeable difference in height,
leaffullness and health of several plant species treated with effluent over those which only
received wadr additions.Project Administrator, Clay Koplin, visited the site and confirmed the
positive response of plants subject to the digester liquid fertilizer. The laifjestretes in

growth were observeaimong the flowering plantkjlium Pumilumand Asidic Pink Pixies,

which responded very well to effluent treatments; however, otherkiliken Regalesand

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 itolsasrved that plants fertilized with effluent
tasted better on many occasi@hsing blind taste testsOne exception was the root and carrot
plants, which were said to not be very appetizing when treated with effluent fertilizer, though no
note was proded on whether this was due improper washing/preparation of the crop or if the
undesirable taste came from flavors incorporated into the plant roots themselgesnitative
biomassor root/shoot lengtmeasurements wetaken.

Curriculum enhancement Studentled projects were a major componenPtifase 1 and2. In
Phase |, midents from théaigh schoochemistry class and science club were charged with daily
food processing and feeding during phase 1 of the study. The students came togetlegabn se
projects intending to streamline the process which resulted in a number of useful innovations
including construction of an industrial sink with buitinsinkerator and improved feeding
practices. Duringhase?, students and teacher Adam Low tolo& 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 185@ingaed
generator and-dycle lawn mower engin@® 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 colmn. Others still, conducted calorimetry tests in order to approximate the heat
value andBTU properties of biogas produced compared to other known and availabtgdes!
With these and other demonstrations, students used the biogas project asma fuattate
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 informatiathe educational befits of the projectat
the Cordova High Schod contained within section VI of this report.

3j. Public outreach and dissemination

This project, prformedthrough collaboration amorgglocal public utility, cityhigh
school andaresearchuniversitywasintendedfrom 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 aras of local and state government. Students, researcheothanttam members have
traveled tonumerousconferences in the pasto year to discuss the project and its goals as well
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as share information abobibgastechnologyandthe Emerging Energy Tenblogy grant in
general.

High schoolstudents and UAF researchers were githenopportunity 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 ofezences, including the Alaska Rural Energy
Conference (April 229", 2010) and the Alaska Forum on the Environment (Februad)'7
2011).In February 2010, the chemistry students took a class trip to the Alaska Power
Association, where students C. BajlD. Hess, C. Morrissett, J. Smyke, S. Lindow, and T.
Kelley presented on the projedlo st recently, the project resea
lecture series for the month of June 2011. The talk, given by Casey Pape, was hosted at the Blue
Loon in Fairbanks. Slides as walsvideo of the speech can be found online
(www.uaf.edu/acep/publicationsA.final presentation will be made at the Alaska Rural Energy
Conference in Juneau (Septembe2872011).

Titles of our project presentations antietpublic dissemination documents are:

Wal ter Anthony, K., Cul hane, TH. , Koplin,
Region Biogas Digester Efficiency. o Mc
Environment. Anchorage, Alaska. Februat¥Z 2010.

Bailer, C.,D . Hess, C. Morrissett, J. Smyke, S. L
Digesters using Psychrophil eso, Il nvited
Alaska. February 2010.

Walter Anthony, K., Culhane, TH., Koplin, C., McFadden, L., Low,/Al mpr ovi ng Co
Region Biogas Digester Efficiency. o Lo
Americus, B., Zamudio, A. Alaska Rural Energy Conference. Fairbanks, Alaska.

April 27-29, 2010.

Pape, C. and €Eremyfiem BsychraphiliBdcera i, ColdRegion
Alternative for Biogas , A@miMunity Energy Lecture Seridsairbanks,
Alaska, June 21, 2011.

New Scientist article featuring this project
November 4, 2010.
<http://www.newsciensit.com/article/mg20827854.0@dl|d-climatesno-barto-
biogasproduction.html>

The project was featured by Alaskan Dispatch Magazine in an article on rural Alaska
enti Bledasficould bring né&mwael¥e20ldy t o r u
<http://www.alskadispatch.com/article/biogasuld-bring-new-energyrural
alaska?page=0,0>

Low, A. AYouth Participation: | mproving C

Low, A., Bailer, C., Allen, J., Americus, B., Zamudio, A. Alaska Forum on the
Environment. Achorage, Alaska. February 8, 2011.
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Wal ter Anthony, K., Cul hane, TH., Koplin,
Region Biogas Digester Efficiency. oo Lo
Zamudio, A. Denali Commission Public Forum on the Ejmg Energy
Technology Grant. Juneau, Alaska. Februart342011.

The project wasighlightedi n Senator Lesi |l Mc Guireds rece
6Deadl i ne for Emerging Energy Techno
Approachingo. Rel eased March 3, 2011
http://lwww.aksenate.org/mcguire/030311EmergingEnergyFund.pdf

Pape,CandWal t er Ant hony, K. (2011) nAnBiogas Tec
Publication. Cooperative Extension Services, Fairbanks, Alaska.

Americus, B., Allen, J., Zamudio, A., PapefCCol d Cl i mate Anaerobi c

Psychrophiles in Biogas Digesterso Al as
Alaska. September 229, 2011.

Website for the project: www.cordovaenergycenter.org/

4. Discussion
4a.Phase lhypothesis testing

Phase | results supported thédypothesis 1that biogas production will be greater at
tepid (25 °C) temperature than at cold (15 °C) temperature Gas production rates weoa
averagesix timeshigher in the psywrophile-only tank 4 maintained in the tepid room than the
psychrophileonly tank 1 maintained in the cold roo8imilarly, no significant biogas
production was observed among cold room tanks containing manure, while considerable biogas
was produced in taisks 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. Ithe onsiderable divergence in daily gas produtct
rates observeih tanksbetweerthe cold and tepid roonsiggests strong temperature control
on anaerobic digestion angethanogenic activifysuch as has been found in other studies
(Brock, et al. 1970; Metcaff and Eddy, 1991; Gerardi, 2008)en we plotted average biogas
production as a function of average tank temperature, we also $tongtemperature
dependence among all tanks (Fig. 11).

With the exception of different starting inoculabécrobialregimes(psychrophilerich
lake bottom mud s. mesophilgich manure)all tanks received identicglLality offeedstock
treatments and were treatedaisimilar mannerAt times the quantity of feeding was adjusted in
some tanks to avoioverfeedingwhich can lead to souring, or acidification tioé slurry.
Remarkable similarity in digestehemistryamong all tanks, except tank 3 (Fig€)7indicates
that experimental conditions remainetatively consistenamongtanks and that differences
among tanks were likely due to microbial communitg é&emperature.

High variability in biogas production is explained in part by temperature; however other
factors likely influenced the health and viability of methanogen populations in fankeg the
early stages of the biogas production test pen@dbegan to observe acidification in most tanks
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(Fig. 7). We expect thatcidificationwas theresult of overfeeding?Whenthe metabolic rate of
themethanogen communitvas insufficiento consumehe largequantityof volatile fatty acié
(VFAs) and aetate intermediates createddmetogenienicrobes 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 prodWi¢tienthe
population and metabolism of methanogersui§icient, simultaneous conversion of organic
feedstock to VFA and acetic acid intermediates to methane and carbon dicoudg, and
acidification concerns are avertétkcessive feeding prior to aguate establishment of
methanogenic populations likely exacerbatesiratio ofacetogenitmethanogenic activitgnd
tank acidification to a greater extent in the cold room tanks than in the tepid room tanks,
potentially knocking down methanogens moréhia cold room than in the tepid room.

Chemical remediation steps were taken to avaidllapseo f each tankdos mi cr
system and were largely successful within the first year of study. Additions of basic chemicals
(i.e. Lime, calcium carbonate, and 8od hydroxide) were used to help restore system pH to
optimal norms (6.8 7.2). These efforts regainéijesteractivity among all tankby early June
201Q with the exception of tank 3 which continued to exhibit acidic condi(joHs4.82)
through the dration of the projectBiogas productiosuccessfullyesumedn all tepid room
tanks (25°C), but onlwithin tank 1 in the cold (15°C) roarBiogas productiompparently
ceasedn tanks 2 and 3 despite continued additions of feedstock. Low tank acidéytémded
periods of time undoubtedly weakened microbial communities within tanks 2 and 3, combined
with depressed temperatures which | ikely resu
The decreased activity in tank 1 (psychrophiles only)amdplete 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 sugtgethat 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
acidificationunderdepressed temperatsy@o 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 acidificationafter sufficient chemical remediation.

Through one set ofials, we found that increasing the feeding rate did not result in
greater biogas production. However, increasing temperature in the cold rtdwreatl othe
study, from 18C to 35°C increased production in tank 1. It is likely that Since the digkatér
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 positieeton gas production.

Temperature conditions varied substantially over the course of the experiment
Digester temperatures were lower durgodder winter monthand warmer in summer, though
on average, the temperatures of the cold and tepid rooms wengen 15.4°C and 25.6 °C
respectivelyA 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 electricalpegity 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 coldtolerant microorganisms (psycrophiles) from
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thermokarst lakes will produce more biogas than tanks inoculated with warmoving
microorganisms (mesophiles) in manuréi/hile the gas production data aésuggest that
digesters containing lake mud had higher gas production rates than the digesters containing
manure only in both temperature rooms, when average tank biogas producipiotied
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 offigaster was lower than tanks 4 and &nk
6 was located next to two exterior walls, and likely lost more heat than tanks 4laisd 5.
possible that a slight inhibitory effect of the mixed culture tank 5 (mud + manure) was observed
as the biogas produeh 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 per spill) was
small relative to other sources of variability so they likely did not play a signifioknt

Without genetic characterizing the microbial communities, we cangdbsaertain
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 thedigesterswe cannot rule out that this did noplpan. 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 wouldhave been initially in comparison to the original lake mud and manure microbial
communities.ldeally, to confirm results of testing Hypothesis 2, microbial culturing and
analysis of microbial DNA would have been conducted on the initial lake mud ingocuanure
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 prdj#ictobial analyses would be an
exciting direction for future work in this field to go.

Phase Iresults did support Hypothesis 3 that, biogas production at cold
temperatures (1525 °C) will not be as efficient as at warm temperatures (350°C). The
maximum daily biogas productiorate we measuredas 0559L gas per liter of slurry per day
(L/L/day). Average values ranged from 0.046 (tank 1) in the 15°C rodni 7@ (tank 6)0.265
(tank 5), and.275 (tank 4)/L/day in 25°Croom.These production rates were loviean those
observed in other household scale digesters in warm cliraates warm, temperature
controlled projects in AlaskaBiogas production from Alaskan fish wastasdemonstrated at
1.0-1.1 L/L/day in traditional mesophilic batch digestion scenariegamertemperature
regimes (35°C) (Hartman, et al., 200A).the 1006L scale digesters, we measured up to-b59
of biogas production per day under relatively cold temperatures. In comparison, typical 1000
household scale digesters in India and other countries are known to produdedf@d6gas
per day, but they are loal in warm climates where temperatures485C) are more optimal
for mesophile metabolisnKarve, A. D., 201). 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 (YG)32], then at 3810 °C, biogas
production rates in our digesters abtlve increased to 00794 L/L/day (776940 L d*per
digester) similar towarm temperature biogasgestemproduction rates. blwever, 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 learnedand recommendations for the technology

Throughthis projecta great deal of information waginedregarding the benefits and
limitations of biogas technology at the srasdhlein Alaska Data on the relative labor required
to build and maintain smadicale digesters, as well as the affects of teatpee, acidity, feeding
andBTU rating/fuel offset characteristics of produced biogas from mesophilic and psychrophilic
bacteria culturesierewell documented

Challenges of flowdata measurementPrior to this study, little information was available o

gas production monitoring techniques for sksalhle biogas technology. Approximate

production rates were estimated at around 1|0g@s per 1,004 digester fed 2kg food per day,
but this was not an analytical measurement. The inherent difficultyeighdarge part to the very
low volume and pressures generated at the ssnale. 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 deveblbghat answered this question and are a major
accomplishment of this study. First we achieved a kattensive method of allowing gas to

build pressure inside of the digesters fe8 Bours so that when the outflow valve was opened,
the gas flow rates we 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 loggdroBése

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 smaitscale Based on the findingsf this study, several

recommeadations for the future of biogas technology in Alaska can be offered at thidttime.

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

formidable obstacle fatigestemprojects at the smadicale. Thouly psychrophilic additions

were demonstrated to improdeyesterconversion efficiency dow temperature, thBTU

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

scale. At elevated temperatu(e80x C) in other climatic zonefiouseholescalebiogas

reactorsare used in millions of homés produce enough fuel to be used in practical daily

applications, typically as a cooking fuéh Alaska, howevemeplication ofbiogastechnology is

not econongally viable because digesters require external heat soincaiationswhere

excess thermal or waste heat can be diverted in order to heat digesters, projects e$caialler

(1000:2000L) may still be justifiable for the additional products theyrdsfeway of secondary

energy recovery (i.e. the formation of a cldamning 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 feasibilitiysmnallscale biogas digesters Alaska that are

typically intended for use by singfamily, traditionally lowincome rural peoples located within

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

energy consuption 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 operatesealdisould

not be cost competitive with current alternative fiyples. For this reason, anaerobic digesters

intended for the individual famitgcale are not likely to catch on in great number within Alaskan

communities.
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Upscaling biogas in AlaskaThemost likely future of biogas in Alaska lies in upscaling the
technology. One great disadvantage of biogas technology within calil@ate 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. FacilikesHese require a continual
supply of high energy animal and organic waste products (k&60) in order to produce

enough gaso maintain the process continuously. One obvious advantage of the technology is
that waste can be consolidated from multgerces 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 asgiven 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 mechanicahvestment innfrastructure. In Alaska, whergabusiness does not play a
major role in the stateride economy, smafiarm 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 commercistaleprocessing facility may be justifiedlaska 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-y@amd biogas productionjgesterfeedstockvould
require storage and feeding. Fortunately digesters are able to lie dormant for som& ardson
resume full operation over short times during other seaBon®\laskans interested in biogas
technology, a critical first step for projects at anyelesf operation will be waste stream and
resource evaluation.

At present, the most basic method of anaerobic digestion gas recovenganty
current form of the technology being implemented in Alaska is that of covered landfill sour gas
recovery. Priects of this kind are the most likely negarm application of the anaerobic
digestion technology within famorth regions. Though this form of anaerobic digestion is
considered to be the least efficient among the available technologies, cocapped! ladfills
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 neabBnks and Anchorage. Projects in
Anchorage as of now are the furthest along in the processing and utilization of landfill gas.
Thirteen cappedgvells are currently being tested at landfill sites located near Fairbanks, but no
energy production efforts @ayetunderway. 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,
anaerols digestion projects of this kind are likely to remain the only prdjgm commercially
viable as they combine secondary energy recovery on top of already required municipal waste
processing sites and facilities.

Until resident populations increaseswafficient size where waste stream energy recovery
processing equipment is justified, it is unlikely that biogas technology is likely to play a major
role in Alaskabds energy portfolio within the
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5. Economic feasibility assessment of the pject

UAF researchers worked together with thstitute of Social and Economic Research (ISER)

perform aBenefitCost Analysis and Sensitivity Analyste assess the economic feasibility of

the project, make recommendations regarding the fututeedechnology for Alaskans

interested in installing a reactor of similar scale within an individual home, and deténmine
technologyodos | evel of marketability to Al aska

The following section of this report was compiledSmhrabPathan researchassociateat ISER
and has not been edited by UAF researchers who wrote the Final Report.

Introduction

Thepsychrophilebio-digester in Cordova is a new technology that aims to produce low
cost biogas for the rural Alaskans who live xtreme cold temperatures. The production
of biogas varies significantly depending ambienttemperatures. The technology is in

its research and development (R&D) phase which makedspth economic analysis
challenging. This paper describes a prelimirezgnomic 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 beostimethod and sensitivity

analysis that show the impacts of variations in metloatigut, and diesel fuel, electricity
and propane prices.

Assumptions

(1) The analysis is based on a conceptualdigester, not based on the actualbio

digester located at Cordova

(2) Project life of 10 years

(3) Real discount rate of 3%

(4) The bimasoutputat 3 was not tested during the den
operation, it is an assumption based on literature review of the technology. Microbial
metabolic rates were tested akCsand 2%C in Cordova. There is no extensive data to
support that at 3€C this paticular 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 SuAlegase

prices are for yea2010. 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 avege percentage increase from 2003 to 2010 '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 fugorice projections, medium and high were used, based on
projections previously published by ISER

(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/hjuatied 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
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BenefitCost Analysis and Sensitivity Analysis

Methane production levels from a ligyester 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 anbient temperatures: 6, 25%C and 38C, and fuel price projections for
three types of fuel: diesel ($ per gallempedium projection, diesel ($ per gallor)igh
projection, propane ($ per gallon), electricity ($ per kWhgfore PCES5 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 gallo2 5@0 Btu or 1 cubic feet =

2,500 Btu, and Electricity: 1kwh = 3,412 BiiableA showsdisplaced fuel quantities

for diesel, propane, and electricity at different temperatures:

TableA. Estimated Fuel Displaced from a PsychrophilesBigester

Displaced Fuel Quantity
Diesel (gallon) 5
15¢C Propane (gallon) 7
Electricity (kWh) 188
Diesel (gallon) 32
25¢C Propane (gallon) 49
Electricity (kWh) 1,319
Diesel (gallon) 93
30¢C Propane (gallon) 139
Electricity (kWh) 3,767

Bendit-cost (B/C) analysis shows that B/C ratios for this developing technology are low
(TableB). At 15xC, the benefitost ratio is 0.01 for displaced diesel with the medium

price projection, 0.03 for the displaced propane, and 0.04 for displaced eleettieit

PCE. Higher ambient temperature assumptions yield highegasgroduction, hence

B/C ratios improve marginally. At 3@, the B/C ratios increase, but are still below one;
0.25 for diesel at the medium price projection; 0.53 for propane anddd.8Etricity

after PCE. As Table 2 shows, the only scenario that yields a B/C ratio higher than one is
at 30«C for electricitybefore PCE which results in 1.06. Taklshows the net present
values for each scenario.

34



TableB. BenefitCost Ratio€stimated for a Psychrophiles Biigester

Benefit-Cost Analysis Scenario B/C Ratio
Diesel - medium projection 0.01
Diesel - high projection 0.02
15¢C |Propane 0.03
Electricity - before PCE 0.05
Electricity - after PCE 0.04
Diesel - medium projection 0.09
Diesel - high projection 0.13
25¢C |Propane 0.18
Electricity - before PCE 0.37
Electricity - after PCE 0.34
Diesel - medium projection 0.25
Diesel - high projection 0.38
30¢C |Propane 0.53
Electricity - before PCE 1.06
Electricity - after PCE 0.96

TableC. Net Present Values Estimated for a PsychrophilesDjester

Displaced Fuel Cost 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021NPV of Benefit
Diesel - medium projection 15 17 17 18 18 18 19 19 20 20 21 $164
Diesel - high projection 17 21 25 27 28 29 30 31 32 33 34 $254
15¢C |Propane 31 32 34 35 37 39 40 42 44 46 48 $354
Electricity - before PCE 59 62 66 69 73 7 82 87 92 97 102 $714
Electricity - after PCE 34 38 43 48 54 61 68 76 85 96 107 $579
Diesel - medium projection 106 116 120 123 126 129 132 135 139 142 144 $1,179
Diesel - high projection 117 147 173 188 196 203 211 218 225 231 234 $1,779
25¢C |Propane 215 225 236 247 258 270 282 296 309 324 339 $2,49(
Electricity - before PCE 410 434 459 485 513 542 573 606 641 677 714 $5,01(
Electricity - after PCE 269 302 338 379 425 476 533 597 669 750 84( $4,534
Diesel - medium projection 302 332 343 350 359 367 376 386 397 407 414 $3,3671
Diesel - high projection 335 421 495 536 560 581 602 624 642 659 679 $5,073
30¢C [Propane 615 643 673 704 737 771 807 844 884 925 967 $7,117
Electricity - before PCE 1,172 1,239 1,31C 1,385 1,465 1,54¢ 1,637 1,731 1,83C 1,935 2,044 $14,314
Electricity - after PCE 770 863 966 1,083 1,213 1,35¢ 1,523 1,706 1,912 2,142 2,40Q $12,96
Conclusion

Operating a bialigester in an arctic environment remains challenging. In order for a
psychrophiles bialigester to b cost effective, a number of factors are necessary such as
higher ambient temperatures K80, higher prices of displaced fuels and/or electricity,

and lower cost of construction or labor. Therefore, according to this preliminary
economic analysis, the psychrophiles-tigester is not yet a cost effective system to
produce energy and/or to rezk 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 Serk@®d Survey. Survey
data is available at tpt//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 201-2035,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 Developent. 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. Enkrigymation Administration at
wWww.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 FipattRe

The biogas digester project has had a deep and tangible effect on the students at Cordova
high school.Increasednergy awareness for the general student population was one of the
broadest effects of the project. Members of the Science cluleteaountless valuable skills
from data collection to construction. The group that had the most tangible effect was the one in
the initial chemistry class of 2008. These 13 students had the opportunity to be a part of the
application process for the gita They researched biogas technology, they made movies
depicting the effects of biogas tmeir community, and a few of the students participated in the
grant application presentation to the Denali commission.

The education benefits that occurred dgrihe course of this project are difficult to tease
out of the plethora of experiences that happened. This project has evolved in six phases that |
correlate to the educational moments that occurred. The following is a description of the phases.

Stagel: Application for the grant
As the teacher, | 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 thislo tlthda owmlka gy etalt atc atrlei :1n owa
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, anldvorked 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. | assured them that a fair grading system would be worked out.
Severamembers of the class asked gmeup ifthis was something they wanted to do, and the
resounding response was YES! | 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 theesamd 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 beéngiko 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 ald 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 stu@asnon 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 chemistrylass 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.

Thearrival 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 Goldstredmkeand the tools to sefp some exgriments.

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 measiogas 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 witthem.

Stage 3: Construction

Building the biogas digesters commenced when TH Culhane, Katey Walter Anthony, and
Laurel McFadden arrived in Cordova in Januair2010. TH met the studerasd quickly
assessed the situation with our 40 foot container,ankstand other available resources.
Students worked during class time, and science club students worked after school and on the
weekends to help accomplish the physical setu
education. TH himself had bearscience teacher in the past, and was very good at inspiring the
students. Heainteda 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 construon 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 Procemg 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 dwaaset. 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 dividadto 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
messag 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 strelama 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 ahe 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 fgeskersli 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 medéer 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 chemistrass 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 samp#s 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 duatber 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 managée §eéheral
ent husiasm about the project remained relatiyv
proportionally much greater. The students wanted a job that was systematic and straightforward
to ful fill. When thimgyg didmdt wamk Dott ap |
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 relajiectpto 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 theproject 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 indiedditigns
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 presesrat 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 Alask#&ending theAASG (Alaska Association of Student Governments)
conference at Cordova High School. The participants were eagerly taking notes and asking
guestions about both the biogas digesters and about the process of working on a project of this
magnituek 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 amoujeicts tivat 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 scrateimd 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
theircommunity 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 anedugi\e 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 mefieced 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 amibCaiSchools portions of the
grants were under budget for grant expenses, and exceeded the match requirepestsl
with the applicationVariances from the budget line items expenses are discussed in more detalil
below. The grant application recognizédt 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 traveltgpend to disseminate the successful results of the project was intended to perform
as a contingency to account for any deficiencies in digester maintenance. $2uniesfer
breaks the available student resources were not adequate to maintain thergligdstendment
#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 clasageaahmitment 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 creatediiack 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 fo 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 approximat@QGih 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,3¢ABols
and Cordova Electric Cooperatigachprovided TH. 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 he 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 deweiopfra 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 travetstip 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 Schoolmatch 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 adnaitivgtr
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 grantemngserature 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 fois item. The plumbing supplies were adequately procured
with available grant funds, and the CEC plumbing supplies origiealisionedas match
supplies were too large to be suitable for the project, resulting in a small match contribution for
materias. 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 withgh#yshigher 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 denaiimsiy expense items were not purchased
because the school provided them. These items were not presented as match, but helped defray
project expensesPaul Cloydthe owner of Northern Lights Electric, donated significant labor
hours and materials to extding codecompliant 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 getskadation 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 trasehdties 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 areastinunder 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 finalganses 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 2: Photo summary of the project

Brandon Shaw collecting mesophdentaining cow manure
at the Northern Lights Dairy in Delta Junction, Jan. 2010.
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The Conex in first stages of construction behind CH
with water pressure tanks outside.

TH Culhane prepares fitting pipes for the 1800
primary digester tanks.
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