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Climate limitation of conventional biogas production

(59ÁF)



Project Summary

ωExperiment with cold-loving microbes (psychrophiles) to 
improve efficiency in biogas digestors for generating cooking 
and heating gas for Alaskan households. 

ωPhase 1: Compare efficiencies of warm-loving, conventional digestor microbes 
(mesophiles) and psychrophileson common Alaskan feedstock at various 
temperatures.  

ωPhase 2:  Application of digestorsin practical household scale projects to 
operate appliances and an electrical generator to evaluate feasibility and 
sustainability for widespread use in Alaska.
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Biogas

Biogas is a flammable gas created by bacterial degradation of an 
organic food source, roughly: 

~60% methane (CH4)
~35% carbon dioxide (CO2)

~5% other gases

Biogas can be used as a fuel source in gas-
burning technologies, such as 

- stoves
- heaters
- lights
- electrical generators 



Methanogens

ARE: bacteria that produce methane (CH4, biogas)
HOW: anaerobic process, consortium of hydrolytic and fermentative bacteria 
WHERE: anywhere with the right environmental conditions and food source

Biogas production is highly dependent on: 
Temperature, pH, nutrient availability, and carbon/nitrogen ratios
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How can we use methanogens to produce a low-cost, sustainable 
supply of biogas as an alternative energy source?

Mimic their natural optimal 
environment and methanogens 
will naturally supply a continual 
source of biogas.

The beginnings of digestor technology: Ruminant 
digestion systems



Conventional Digestor Technology

Collect ruminant manure:
-warm-loving microbial source
-feedstock source

Mix with water and seal in primary tank
-microbes consume O2 naturally Ą anaerobic conditions
-biogas production starts
-2 to 4 weeks later (temperature dependent), biogas burns

Utilization: 
- Direct methane to a biogas-burning technology

http://enviro-toons.com/page2.html



PROBLEM #1: manure is a nutrient-poor resource

SOLUTION:  supply high-quality feedstock (rich in sugar and starch) for optimal 

biogas production ςsuch as household organic waste

Problems with traditional digestors  

PROBLEM #2: temperature limitation
The bacterial populations in ruminant digestion tracks are warm-loving microbes (mesophiles).  
ωOptimal methane production at 37ÁC
ωShuts down at 15°C
ωStandard digestor technology only works if

- the equipment is built in warm climates
- the equipment is kept heated, at fuel costs

SOLUTION:  Improve biogas production for people who live in cold climates by 

inoculating digestors with cold-loving, Arctic methanogens (psychrophiles).



Where do we find cold-loving methanogens?

ωMethane production at 0-1°C  to 21°C 
ωRecently discovered (Zimovet al. Science1997; Walter et al. Nature2006)
ω4x more efficient than European psychrophilesthat live at 5°C

Alaskan thermokarst-lake sediments







Cordova Experimental 
Digestor Set-up



Cold Room: 15C Warm Room: 25C

Psychrophiles

Mixed Psychrophiles
and Mesophiles

Mesophiles

Psychrophiles

Mixed Psychrophiles
and Mesophiles

Mesophiles

Phase 1 Test Design



Collecting the Methanogens

Picking up manure at the Northern Lights Dairy 
farm in Delta Junction (mesophilecollection)

Coring for mud in Fairbanks 
(psychrophilecollection)



Implement 
closed-tank 
system with 

water-pressure 
technology in 

tandem 

New Pressurizing Design



Construction



Working at the Cordova High School




