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Biochar: 

perhaps best 

path for 

materials 

high in lignin 

Residual 

solids need 

further 

processing 



Anaerobic Microbes in Nature: 

And some rationale for 

establishing more symbiotic, 

external, human being--anaerobic 

microbe relationship              p                     



Anaerobic microbes 
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A few of 
the millions 
of species 

 
The earliest  
life on earth 

Gas 
bubbling 

out of swine 
manure 

tank, China, 
1987 
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Anaerobes in Nature –  
Oxygen-Starved Environments –  

Pond, Lake, Sea and Ocean Bottoms, Deep Soils, 
Permafrost, and the Guts of Larger Animals  

 





COMPOSTING VIS-A’-VIS DIGESTION  





Prevailing and Alternative 

Myths:  Social and 

Biospheric Impacts 



A  FEW  PERSPECTIVES 

LINEAR 
Blindered 

CYCLICAL 

CYCLICAL OVER TIME 

Status quo 

Decreasing - Degenerative 

Increasing - Regenerative 

Proposition:  Concern for the semi-cycle of 
return is a key to increasing life and its diversity. 

In reality 



 See also:   http://thoughtmaybe.com/life-at-the-end-of-empire/  
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The Basic Background for 
Resource and “Waste” Management 



ANAEROBIC MICROBES’ MEDIATION 

BETWEEN SOLAR ENERGY 

AND EARTHLY MATERIAL 



SOIL  AND 

AGRICULTURAL 

SYSTEMS 



Soil Organic Matter  ~Carbon  ~Energy 
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Increase in soil 
OM results in: 

Darker color; 

Increased water 
infiltration, holding 

capacity and content; 

Improved soil structure; 

Increased aeration and 
permeability; 

Increased pH buffering; 

Increased soil biota; 

Decreased soil 
temperature; Increase 

metabolic activity. 

Increased cation exchange 
capacity and nutrient 

availability; 
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* 

AGRI-INDUSTRY          VIS-A’-VIS        AGRICULTURE 



A PERMACULTURE FAIR-SHARE VIEW 
OF DRAGON HUSBANDRY 

WE PROVIDE WE GET 
• A “BODY” IN WHICH TO EXIST 
 
• A WARM PLACE IN WHICH TO LIVE 
 
• APPROPRIATE WATERING 
 
• APPROPRIATE FEEDING 
 
• ADEQUATE CARE 
 
• RESIDUALS REMOVAL AND 
                   RECYCLING PLUS SYMBIOTIC EARTH CARE 

AND PEOPLE CARE 

 * NUTRIENT CONSERVATION 

 * SOIL REGENERATION 

 * SANITATION 

 * PROVISION OF CARBON- 

       NEUTRAL NATURAL GAS 

 * REDUCTIOON OF INDOOR 

       AIR POLLUTION AND  

       RESPIRATORY PROBLEMS 

 * ODOR CONTROL 

 * FLY AND RODENT CONTROL 

 * WEED CONTROL 



THE BASICS OF 

ANAEROBIC DIGESTION 

PROCESSES 



The Digestion Process 
1st - Mechanical breakdown of larger organic materials --  

Best accomplished before digestion – then, within the beast: 
A HUGELY 
DIVERSE 

MICROBIAL 
ECOSYSTEM 

Slower 

growing & 

reproducing; 

the “limiting” 

factor 

Plus 

nutrients 

and soil-

building 

humic 

materials  



Total solids – 
all but water. 

Generally, 
5-15%  for simple 

mesophilic 
digestion 

Volatile solids – 
 give odor; are the 

“food” for 
digesters; and 

include quantities 
of nutrients.  

Glossary of “Solids” 

Fixed solids --  
sterilized 

carbon and 
other nutrients. 

Output 

Sludge 





Digestion Temperature  Ideals 

Mesophilic microbes grow 

best at moderate 

temperatures, peaking 

at about 95-105 degrees F. 

Thermophilic microbes grow best 

at higher temperatures, peaking 

at around 140 degrees F.  Faster 

digestion but much more 

“sensitive” to all upsets. 
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 pH Considerations 

From D. House, 2010 



HRT X Temperature 
-- for equal levels of digestion 

in the mesophilic range -- 

(After  D. House, 2010) 

# of 

days 

deg C deg C deg C deg C deg C deg C 

Hydraulic Retention Time (HRT) = 
length of time materials remain in the digester 



A brief note on 
Pathogen Destruction during Digestion 



Measurements and Analysis 
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pH 

pH 

Gas 

production 

pH 

Temperature 



A note on 

 Societal Economics 

and 

Monetary Finance                    



Size of Installation 

Average 
Cost 

Per Item 

Environmental 
Costs 
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Economies of Scale 

A brief note on the current state 

 of the field of ECONOMICS 

$ Money 

Management $ 







Covered lagoon for gas collection at 
swine facility, NC, 1995 
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Often-government-funded support for over-centralized corporate 

food production – Ignoring social and environmental costs – But 

seeking those carbon credits – for that pseudo-bottom line. 

Lipstick on a pig! 



A REMINDER 

OF 

GLOBAL IMPLICATIONS 



The Biogas Leap 



Cow patties drying on 
Kathmandu wall before use as 

cooking fuel, Nepal, 1976 
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Coal briquets from pressed 
“fines” – primary household 

fuel, China, 1987  

Some fuels potentially replaced by Digesters 

Crop residues, Firewood, Charcoal, 

Coal, Kerosene, et al. 



BROAD DIGESTER 

DESIGN 

CONSIDERATIONS     





Batch, Continuous, Multiple-Batch 
and Extended-Batch Feeding Regimens 

Batch – All feed loaded at start and emptied at 
end – Except for seed left for next batch!;  

Burnable gas after 1-2 weeks, with gas peaking 
and falling off for months. 

Continuous – Constant feeding to maintain 
specified gas production and digester activity 

from a single unit.  

Multiple-Batch – Coordinating several 
digesters in the batch mode – for gas needs 

and nutrient management.  

Extended-Batch – Loading a large portion 
of feed and starter to begin; wait a few 

weeks for combustible gas to begin; then 
feed sparingly over weeks, months; empty 

when appropriate 



Draco I – solids to be emptied by hand   

A 

Batch 

Digester 

Option? 
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Digester Start-Up 

Generally, a couple days’ worth of charge with some 
fresh manure will result in a burnable gas (>50% 

methane) within two weeks or less. 
• Often powdered lime or other pH 

  buffering material is helpful  

RAH, 2014:   For a continuous digester, 

 -- Start with a water-filled digester – 

 -- Add seed for several days -- 

 -- Gradually introduce hoped-for feeding regimen –  

--  Adjust as recognized.   

 

 

 

 

The best startup inoculant is fresh solids from a 

digester that is generating biogas vigorously from 

the same material you intend to use. 



                  
DIGESTER 

DESIGN 
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Basic Digester Designs 

OR 

BASICALLY, 



Higher 
technology, 

filter 
designs 
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Generally most 

appropriate for dilute 

residue streams – 

whey and the like 



Some Common Problems with Large Commercial 
Continuous Digesters in the US [and elsewhere]; 

as well as many smaller systems 

Reconsider Batch- and Extended–Batch Alternatives 



DIGESTER DESIGN –  

FULL-MIX SYSTEMS     



Research digesters, Cornell, ~1977 
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Full-Mix Digesters 
Dairy digester, Ithaca, NY, ~1983  

Engine and dried solids storage shed for under- 

ground dairy system, Lancaster, PA, 1987  

250 gal mixed digester in solar room 
Minnesota, ~1978 
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China – Nanyang distillery 
executives and others on 
top of one new 5000 cu m 

digester w/ other in 
background – The plan is 
to provide for all process 

needs. 

China – Nanyang Distillery – 
new (1987) 3000 cu m gas 

storage system for maintaining 
supply to 30,000 nearby 

households (replacing coal!)  

Full-Mix Digesters 
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Full-Mix Earthen Lagoon, Kilby Farm, Colora, MD   Current 

Covered lagoon and operations shed 

Scrubber, heater, mixing pump 

Engine-generator (inoperative 

due to inadequate scrubbing) 



DIGESTER DESIGN –  

LARGE-SCALE 

FILTERS     

                    



Up-flow or  

Down-flow Filters 

Engine, scrubber and gas storage houses and 

digesters, Maine’s Dairy, Newville, PA  2012 

Separated solids composting, 

Maine’s Dairy 



DIGESTER DESIGN –  

MASONRY TANKS, 

CHINESE DESIGN      



Th 

Masonry Tanks -- The Chinese System  

Brick construction in China, 

~1960s-80s 

Concrete construction in the 

Philippines, 1985 
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Hole smoothing system Setting inside slip-form for walls 

Steel frame set for pouring dome Dome construction 

China – Hunan State Solar Research Center, 1987 
Concrete construction with steel forms 



Gas storage drums, digester access 
ports and covers 

One digester 
dome cleaning 

port 

Monitoring station 

China – Hunan State Solar Research Center, 1987 

Gas holder 

pressure 

test unit 



SEE:  http://www.youtube.com/watch?v=s4EWOoPY5OY 

Domed digester construction in Uganda 
On-site construction of interlocking, 

earthen-cement, curved block 

http://www.youtube.com/watch?v=s4EWOoPY5OY


Earlier Chinese Design 

Adapted for OARS’ Draco I and II 
(Found in Bulletin of the Atomic Scientist, 1976) 
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Fixed-dome (Chinese 
design) digester with 

pond growth, 
Guatemala, 1986   

Chinese design 
masonry digester 
with pond growth 

above, Bangalore, 
India, 1994 
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The site – 
on center 

hillside 
DRACO  I 

WV, USA 1980 

Block and 
concrete work 
completed 

Completion 
Open House 

OARS’ 

Integrated Chinese digester, 

greenhouse and pond 
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OARS’ Draco II – WV, USA, 1981 

First Fall 

Second Fall 

Two larger digesters, much larger greenhouse, increased insulation 

 for year-round use and greatly expanded pond area 
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Pond channel 
extensions in place, 

solar fans on 
thermo siphons, 

WV, 1982 

Inside one tank 
after 

polyurethane 
sealing, from 

inlet end; note 
also cleaning 
port, surface 

break-up pipes 

OARS’ 
Draco II 

Manometers: 
note ~7” 

difference on 
right side -- 
indicating 

biogas pressure  



DIGESTER DESIGN –  

FLOATING DRUMS*, 

INDIAN DESIGN      

* After early British sanitation efforts 



Biogas (Gobar Gas) 
research station; solar 

heating, India, 1978  

Village digesters; 
drying beds for 

sludge, near 
Bangalore, India, 

1994 
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STAND-ALONE 
FLOATING DRUMS -- 

Guatemala, 2009 



Floating drum and slurry tank for Indian design 
Penn State, 1977  
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History – Indian design chicken 
digester, Wisconsin, 1977 
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DIGESTER DESIGN –  

PLUG-FLOW 

SYSTEMS 



Plug-Flow Digesters 

Dairy digester 
insulated for winter, 

Cornell, 1980 



History – Plug-flow, dairy cow residue digestion 
research, Cornell U., ~1978,  
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Buried plug-flow dairy digester with gas 
storage, Minnesota, 1978  
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Culvert 
in place 

Engine- 
Generator 

in shed 



Plug-flow dairy 
digester, 

Gettysburg, PA, 
~1990  

70 of XXX 
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China – 2, 2000 cu m digesters at 
Nanyang Distillery (1987) 
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COSTA RICA:  PLUG-FLOW VARIANT, 1990s 



DIGESTER DESIGN – 

SAUSAGE SYSTEMS              



“Sausage” Digesters 

Red Mud Plastic 
Digesters – Taiwan, 

1983 
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Sausage Digesters 
Most simply an in-

ground tube with no sun 

protection and effluent 

flow into a collection pit. 

Polyethylene tubes are 

very cheap but 

quite…fragile 

Bolivia, 

mid ‘00s 



Sistema Biobolsa Systems 

4 cu m, Carbondale, CO 

12 cu m, Puebla, Mexico 

Two 40 cu m digesters 

Merida Mexico 

https://mail.google.com/mail/?ui=2&ik=0109e50630&view=att&th=139297a4ce0c7ffd&attid=0.5&disp=inline&safe=1&zw
https://mail.google.com/mail/?ui=2&ik=0109e50630&view=att&th=139297a4ce0c7ffd&attid=0.5&disp=inline&safe=1&zw
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Fiberglass digester 
construction at Rutan 

Biogas Workshop, 
~1978 

Culvert-enclosed, 

highly insulated 

polyethylene 

digesters -- 

University of 

Maryland-USDA 

Beltsville 

Research Station, 

2012 



Early inner tube digester 

Gas storage bag 

Digester pressure test 

Pieces 

In 

place 

EPDM digester-greenhouse system 
Dickinson College Farm, Boiling Springs, PA 



EPDM digester tube with plastic end caps (in process) 

Built at Dickinson College Farm 

The Plan -- 
Placement 

In  a  

well-insulated 

trench under 

a growing 

table in a 

greenhouse;  

photovoltaic 

forced-hot-air 

to heat 

Being installed in a multi-

functional greenhouse at a 

Perry Co. farm 



EPDM digester tube with plastic end caps  

(in process, cont.) 

Successful 

non-leaking 

water test 

Protected digester with 

Rocket Stove Exhaust 



EPDM digester tube with plastic end caps -- NEXT STEP 

Improvements  – FULL use of EPDM roll dimensions  

        -- NO holes in EPDM tube 

        --  All ports and gimmicks molded into plastic 

 (prototype in metal/stainless) 

DIGESTER PIECES EXPECTED 

IN SPRING, 2014 

NEEDS A HOME! ??? 



GAS 

CONSIDERATIONS                  
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Gas production:  
vol. biogas / vol. digester 

OARS’ Draco I produced 50% vol/vol during 
active seasons. 

Digesters, at near-optimum mesophilic 
temperatures, with moderate solids levels (~8-12%), 

may be expected to produce about  
1 vol biogas/ 1 vol digester / day. 



(From D. House, 2010) 

Biogas Yield – Various Substrates 
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Simple and Purified Substrates 

(From D. House, 2010) 
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Residential Air Pollutant Emissions 
From Energy-Equivalent Fuels (kg) 
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Gas Line Condensation Trap 

At all low 

points in 

the gas 

lines. 
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Gas Line Flame Arrester 



Chinese systems – ferro-cement gas holders 

These provide for a more constant gas pressure than 

gas storage within the dome. 
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Gas storage and use 

at the Dickinson 

College Farm 

A polyethylene bag inside 

a box on wheels.   

A Biogas Rickshaw –  

An alternative to piping 
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Biogas Use  –  
Cooking Burners 

Philippines, 1985  
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China – biogas and other piping to 
distillery personnel apartments 

Kitchen metering and equipment 
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Biogas Use  --  Lighting 
China – 40 watt electric bulb 

compared to biogas lamp 
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Biogas Use –  
Engine-Generator Sets 

1 kW -- Chinese 

•The biogas must be very well 

scrubbed of hydrogen sulfide, least 

sulfuric acid rot the engine.   

•Also siloxanes are being recognized 

as requiring attention. 

 

1 kW requires about 25 cu ft biogas 

 

A huge expense for smaller systems 
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China – miscellaneous mobile and 
engine biogas applications 
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Ring burner with steam generator 

External combustion for electricity generation 



SYMBIOTICALLY 

INTEGRATED 

SYSTEMS                 



Integrated  Digester  Systems 

(55-gallon drum digester) 

NOTE:  1  55-gal drum contains 7.3 cu ft 

One stove burner on high may use >16 cu ft/hour 



Integrated  Digester  Systems 
(China) 
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Integrated  Digester  Systems 

(Sewage 
Treatment) 



Integrated   Digester  Systems 

(Tropics) 

excess for sale 

excess for sale excess for sale 

excess for sale 

excess for sale 
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Integrated  Digester Systems 

(Brazil) 
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Integrated  Digester  Systems 

DRACO  I 
and 

DRACO  II 

West Virginia, 1979-82 
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Integrated  Digester  Systems 
Expansion of organic tofu and soy-based 

products enterprise – Central West Virginia 



Integrated Systems -- 

Currently happening in Chicago! 
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Integrated  Digester  Systems 



Draco II – first spring in the greenhouse 

Thermal 

Mass for 

Greenhouse 

Temperature 

Maintenance 

Water Barrels…. 

Why not 

Digesters? 

500-gal batch digesters? 
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Partially buried 

sausage digesters 

and gas storage 

beneath growing 

tables in a 

greenhouse 

Block beneath digester 

can provide mass and 

channels for photovoltaic 

forced hot air from 

greenhouse ceiling 

Hydroponics 

and/or 

aquaponics 

can substitute 

for soil-based 

growing 

tables 
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Integrated  Digester  Systems 



Economic  Appraisal  of  Integrated 
Digester  System  Components 

(India, ~1990) 

“External” Benefits, i.e. unvalued in most economic analyses – 

Sanitation; Reduced air pollution and other respiratory 

health-related benefits; Agricultural nutrient conservation; 

Avoided costs of fossil fuels; and Greenhouse-gas neutrality 



DIGESTER 

EFFLUENT 

UTILIZATION 
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Kilby Farm 

Duckweed Pond 

with solar-

powered 

collection boat 

500 lbs. per day 

collected in 

warmer seasons 
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Draco I – pond growth 

Water hyacinth 
Algae – hard to harvest, 

but digestible 

Aquatic growth can be up to 5 times 

more efficient at conversion of solar 

energy to biomass. 



OTHER POSSIBILITIES:   

Further ruminations 



Greenhouse—digester system for an 
Elementary School 
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Container—Digester as a Community 
Develop Module 
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Container-Digester 

Community Infrastructure Potential 
• Sanitation – Toilet facilities and residue management for more than 

200 people (through AD)  

• Fuel Supply – 10-15+ cubic meters of biogas/day; potential for 
community kitchens (biogas)  

• Refrigerator/Freezer – Small unit for medicines and other community 
necessities (biogas-fueled) 

• Water Supply – Rain collection and storage from nearly 17 square 
meters roofing 

• Hand Washing Facilities – As well as a potential shower facility  

• Community Battery Charging Station – Powered by photovoltaics  

• Area Lighting – Around the facility powered by photovoltaics  

• Agricultural Inputs -- High-nutrient liquid for plant fertilization and 
excellent humus for soil improvement 

•  Others? 



SHIPPING CONTAINERS – 

The wastes of misguided globalization as a 

resource for increased self-reliance. 

Ah the irony 

20’- and 40’ 

earth-bermed containers 

may be adapted to provide 

both a digester body and 

structural components 

for greenhouses, etc. 

Containers are 

currently being 

marketed in 

England as 

digester modules 

for equestrian 

centers 

(BioCycle, ‘14) 



Take homes 
Biogas systems are 

an integral part 

of a regenerative future  







Notes on further information: 

       I am an IT ignoramus. but I recognize that the web includes a virtually infinite amount of verbiage,  

videos and shared information and experiences with this on-going process.  Since I occasionally find  

very interesting and useful ideas, techniques and pieces in the oddest places, I hesitate to narrow   

anyone’s investigations.  One can begin by googling “biogas” and probably never get to an end. 

       I would suggest looking into websites related to:  The USDA AgStar Program and the American  

Biogas Council for introductory information primarily about large-scale systems; GATE, Germany’s  

International Aid Agency; and SNV, The Netherland’s International Aid  Agency.  

       There are a great many academic tomes on the bio-chemistry of anaerobic digestion but  David  

House’s Biogas Handbook is certainly the most understandable and reasonably priced  that I know.  

Please! 
Recognize that, if you choose to investigate some of the possibilities for biogas 

systems, you will be producing a greenhouse gas which is 1-2 orders of 

magnitude stronger than carbon dioxide.  You must take full responsibility for its 

combustion before dispersal. 

      After considerable consideration, I have chosen to postpone a contracted book, The 

Why and Wherefore of Biogas Systems, and to first pursue establishment a 

DragonHusbandry.com  website.   I intend for this site to ultimately include all of the 

information which would have been included in the book, plus the opportunity for 

extensive information exchange among smaller-scale digestion system practitioners. 

                           Bob Hamburg,      Omega-Alpha Recycling Systems 

Email:  bhanomalous7@gmail.com         Current website:  omega-alpharecycling.com 

mailto:bhanomalous7@gmail.com


A few thoughts from one of the  
20th Century’s most revered scientist. 

The most beautiful experience we can have is the 

mysterious…the fundamental emotion which 

stands at the cradle of true art and true science. 

 

I assert that the cosmic religious experience is the 

strongest and noblest driving source behind 

scientific research. 

 

When I examine myself and my methods of thought, 

I come close to the conclusion that the gift of 

fantasy has meant more to me than my talent for 

absorbing positive knowledge. 
Albert Einstein 



EPILOGUE, 

misc.         
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China – extra-long, double-forked, twist-
lock digester cleaning fork  



History – a viable, low-tech, high-flow 
valve, ~1978 
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Standard drain gas trap 
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Sausage digester port construction 
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Flanges for Dickinson 
EPDM digesters 



What is 

WRONG 

with 
this 

Picture! 

Shop for the environment? 

Who needs to learn from whom? 


