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All of the vehicles you saw and many more are 

powered with fuels that are being made from 

Renewable Natural Gas (RNG) or Biogas, which 

is produced from biomass from agriculture, leaf 

clippings, garbage and food waste, solid 

municipal waste, plastics, and even aluminum. 



Waste to Energy 
 

 The Other Renewable Fuel, Methane.   Preserving the environment with a safe and clean 
fuel base that can meet the needs of an ecologically minded society. 
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What is Bio-Gas or Renewable Natural Gas (RNG)? 

 

Bio-Gas or RNG, is Methane that is capture from the 
anaerobic decay or gasification of biomass materials 

and/or certain other materials like plastics, Black 
Liqueur, and even aluminum scrap. 
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Methane is Commercially Available From Two Sources 

Synthetic Methane 
Conversion of Bio-Mass and other materials 
into Renewable Natural Gas (methane) 
through anaerobic digestion  or gasification 

Natural Methane 
Capturing of naturally occurring sources of 
Methane below the ground and on the surface. 
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Natural Methane is Renewable Energy 

http://sanjeetbiotech.blogspot.in/2011/06/wetland-rice-cultivation-major-cause-of.html. http://www.independent.co.uk/news/science/vast-methane-plumes-seen-in-arctic- 

ocean-as-sea-ice-retreats-6276278.html    http://oceanexplorer.noaa.gov/explorations/10chile/background/methane/media/methane4.html 

Methane can be naturally produced through  
anaerobic decomposition of plant matter by  
bacteria. 

• Rice production is one of the top sources of 
naturally occurring methane. 

• Methane is produced in  marshes and wetlands 
where it is often called swamp gas. 

• Methane is produced wherever any type of 
biomass is subjected to  anaerobic conditions 

• Animal waste naturally produces methane 
beginning in the animals digestive track 

• Methane is produced in the oceans through 

–Thermogenic process in the deep oceanic crust 

–Biogenic methane is a waste product of 
methanogenic archaea, a microorganism 
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Natural Methane is Renewable Energy 

Methane can also be naturally 
produced through a process 
known of carbonate reduction. 

• Abiogenic process well below the 
biomass layers of the crust convert 
Methane was formed from FeO, 
CaCO3 -calcite, and water at 
pressures between 5 and 11 GPa and 
temperatures ranging from 500°C to 
1,500°C. 

• Carbonate reduction methane  rises 
though cracks and fissures in the 
mantle until it reaches an 
Impermeable rock formation referred 
to as cap rock 

 
GPa – Giga Pascal  /  11 GPa  = ~1,595,415 PSI 
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Synthetic Methane (Biogass) is Renewable Energy 

 biogas digester at New Hope Dairy in Galt, Calif  http://cdrf.org/wp-

content/uploads/2014/12/DairyCares-MOR-11-14.bmp 

Synthetic Methane or Biogas is a form 
of Renewable Natural Gas (RNG) is 
man-made by converting waste 
materials into methane and other 
useful bi-products 

• Agricultural plant waste products 

• Animal and human digestive waste 

• Municipal Solid waste such as paper, 
wood, lawn residue and food waste 

• Plastics, Black Liqueur, and other 
industrial products 
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Gasification 

https://plastics.americanchemistry.com/Sustainability-

Recycling/Energy-Recovery/Gasification-of-Non-

Recycled-Plastics-from-Municipal-Solid-Waste-in-the-

United-States.pdf 

Digestion 

http://www.theecoambassador.com/images/Anaerobicsoluti

oncompressed.jpg 
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In addition to organic waste plastic, food and product wrappers, 
shipping materials, Styrofoam, plasticulture, and many other plastic 
products are disposed into landfills daily. These plastic items, many of 
not recyclable by traditional means, can easily be converted into  RNG  
and then into other fuel types 

10 

http://ntrs.nasa.gov/archive/nasa/casi.nt

rs.nasa.gov/20110008529.pdf 

Landfilled Plastics Could Power 5.2 Million U.S. Households  

Scientists at Columbia University say that the energy potential in non-recycled plastic is at 

least enough to fuel 6 million cars or power 5.2 million homes each year. 
http://www.seas.columbia.edu/earth/wtert/sofos/ACC_Final_Report_August23_2011.pdf 
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Why Methane (RNG) Instead of Other Renewable Fuels? 

• More BTUs per acre 

• Independent of crop type 

• Uses 100% of plant versus just the 
seeds, kernels, or grains 

• Cheaper to produce per BTU delivered 

• Weather independent 

• RNG/Biogas production can be 
supplemented with any biomass based 
materials or waste (wood, manure, 
paper, leaf litter) 

http://www.usda.gov/oce/reports/energy/2015EnergyBalanceCo

rnEthanol.pdf 

Only 66% of  corn 

kernel is used to make 

ethanol – Source 

USDA 
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Methane is More Cost Effective to Produce 

• Only 66% of  corn kernel is used to 
make ethanol  

• 7,110 pounds of corn grains/kernel per 
acre 

• Processes into 328 gallons of ethanol 
or 239 GGE.  

• 140 gallons of fossil fuels and costs 
$347 per acre 

• the feedstock costs $1.05 per 76,100 
BTUs (gallon) of ethanol (E-85) 

http://www.extension.iastate.edu/agdm/crops/html/a1-70.html 

 

• 100% of  corn stove and grain is used to 
make RNG/Biogas 

• 50,000+ pounds of corn silage/biomass  
per acre 

• Processes into 1,589.16 Ccf of 
RNG/Biogas or 1,286 GGE .  

• 140 gallons of fossil fuels and costs 
$347 per acre 

• the feedstock costs $.17 per 76,100 
BTUs (.667 gallon) of RNG /Biogas 

http://utbfc.utk.edu/Content%20Folders/Forages/Hay%20and%20Sil
age/Publications/sp434d.pdf 

Ethanol 

328 gal @ 1.51 = $495/acre 
http://www.neo.ne.gov/statshtml/66.html 

RNG/Biogas 

1,286 Ccf @ .5199 = $826/acre 
https://www.theenergy.coop/RNG-price-check 
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Methane Feedstocks Require Less Weed Control 

• Because all biomass harvested from the 
fields can be converted into RNG/Biogas 
less herbicide applications are need 

• Herbicide costs per acre can range from 
$20 to $65 dollars depending on weeds 
to be controlled, with Palmer amaranth 
or waterhemp being the most costly to 
rescue. 
http://www.agweb.com/mobile/article/weed-control-that-makes-cents-

naa-sonja-begemann/ 

 

 

Herbicide Costs Per Application 

1000 acres @ $40/acre = $40,000 

http://cropwatch.unl.edu/diflexx-herbicide 
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http://www.afdc.energy.gov/fuels/fuel_comparison_chart.pdf 
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Biogas to Electricity 
• The most common use of biogas is 

the local generation of electricity  

• Biogas from the digester is piped a 
short distance to a turbine or 
reciprocating engine that then turns 
an electrical generator  

• Smaller biogas generation facilities 
benefit from this less complex and 
less costly model  

• Heat from the plant is captured and 
used for domestic water and facility 
heating 
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Compressed RNG/Biogas and 
Propane 

• The second most common use of 
RNG/biogas is liquefied bio gas for cars, 
trucks, and farm vehicles 

• Some RNG/biogas is converted to propane 
and bottle in high pressure tanks for use to 
heat homes and make domestic hot water 

• Whether used directly as liquefied biogas 
or processed into  more common 
compressed propane  RNG/biogas powers 
our homes and our vehicles, cleaner , 
cheaper, and safer then any other form of 
natural  fuel or biofuel 
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Gasoline fro
m Biogas

CO + 2H2
↔ CH3

OH 

(1)

CO + H2
O ↔ CO2

+ H2

(2)

2CH3
OH ↔ CH3

OCH3
+ H2

O 

(3)

n CH3
OH ↔ n (C

H2
) + n H2

O 
(4)

n CH3
OCH3 ↔ n 2(CH2

) + n H2
O

(5)

How Wood and Paper can cleanly 
power our cars and trucks! 

• Gasoline that is virtually sulfur free can be 
economically synthesized from RNG/biogas 
(bio-methane) 

• Because RNG/biogas is compatible with 
natural methane, synthesis of gasoline can 
be supplemented from commercial pipeline 
sources of methane   

• Synthesized gasoline burns cleaner and 
more efficiently to power vehicles with less 
environmental impacts 

• Cost to synthesize one gallon of gasoline -  
about $0.53 per gallon 
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Wood and Paper powers tractors to 
produce food and fuel… 

• Diesel fuel is essential to power our 
modern agricultural production process 

• Inefficient biomass to directly to fuel 
process are environmentally insensitive 
and economically questionable 

• Biogas a form of methane can be 
cleanly and economically converted to 
clean affordable burning diesel fuels 
with virtually now Sulphur or other 
dangerous pollutants 

• Left over solids are field ready compost 
and tail water is ready for irrigation 
purposes 
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526 kW Biodigester and Generator
Civil Works $0.00 $0.00

Preparation of Site on site on site

Fence and Gate on site

Street Works on site

Civil Works in general on site

Reception Tank for Liquid Input $105,082.60 $110,826.00

Concrete Tank, diameter 17.00 m, height cyl. 6.00 m, volume 1,360 m³ $55,895.00

2 mixers, submerged, 11 kWe each $22,358.00

Cage Ladder with Platform $4,471.60

Cover (simple roof) $16,768.50

Flanges $5,589.50

$0.00

Pasteurisation Unit $0.00

no Pasteurisation included $0.00

Digester $632,731.40 $667,314.00

Foundation, concrete, diameter 18.00 m $31,301.20

Leakage Control for Foundation $3,353.70

Steel Tank, glass coated, diameter 17,50 m, height cyl. 17,50 m, volume 

4,210 m³ 

$503,055.00

Leak-/Over-/Underpressuretest $0.00

1 mixer, top mounted, 15 kW $78,253.00

Insulation included

Cage Ladder, Platform, Viewing Glass included

Over-/Under pressure Valve and Safety Equipment included

Freight, Assembly, Documentation included

Flanges $16,768.50

Secondary Digester $201,222.00 $212,220.00

Concrete Tank, diameter 20.00 m, height cyl. 6.00 m, volume 1,885 m³ $72,663.50

Leakage Control for Foundation $4,471.60

2 mixers, side-mounted, 11 kWe each $39,126.50

Double Membrane Gas Holder Roof, volume about 640 m³ $36,890.70

Insulation $31,301.20

Cage Ladder, Platform, Viewing Glass $6,707.40

Over-/Underpressure Valve $3,353.70

Flanges $6,707.40

$0.00

Storage Tank $0.00

according to local regulations, may be lagoon $0.00

Gas System $184,453.50 $194,535.00

Emergency Flare, 250 m³/h $27,947.50

Gas Blower $11,179.00

Gas Cooler $55,895.00

Gas desulphurisation $89,432.00

Gas Engine $402,444.00 $424,440.00

Gas Engine, Jenbacher, 526 kW el. Power $391,265.00

completely equipped to be installed in a building included

incl. heat distribution, safety devices, control cabinet included

Heat for start-up operation $11,179.00

Building $72,663.50 $76,635.00

Pumping Room between digesters and secondary digester $33,537.00

1 Building for electrical devices $11,179.00

Building for Gas Engines $27,947.50

Reception Hall $0.00

Biofilter $0.00

Toilet, shower, office $0.00

Office Building $0.00

Equipment $159,300.75 $168,007.50

Pumps $25,152.75

Grinder $0.00

Heat Exchanger $67,074.00

Pipes $67,074.00

Weigh Bridge $0.00

Gas-, Electric-, Heating System Installations $122,969.00 $129,690.00

Electrical Equipment $89,432.00

Process Control Equipment $22,358.00

Measurement Devices $11,179.00

Lightning Protection Included

Transformer on site

Connection to Transformer on site

Engineering $335,370.00 $353,700.00

Subtotal, net, without VAT $2,337,367.50

Onsite Preparation activities $200,000.00 $200,000.00

Estimated Total for a 525kW ssystem $2,537,367.50

526 kW Biodigester and Generator
Civil Works $0.00 $0.00

Preparation of Site on site on site

Fence and Gate on site

Street Works on site

Civil Works in general on site

Reception Tank for Liquid Input $105,082.60 $110,826.00

Concrete Tank, diameter 17.00 m, height cyl. 6.00 m, volume 1,360 m³ $55,895.00

2 mixers, submerged, 11 kWe each $22,358.00

Cage Ladder with Platform $4,471.60

Cover (simple roof) $16,768.50

Flanges $5,589.50

$0.00

Pasteurisation Unit $0.00

no Pasteurisation included $0.00

Digester $632,731.40 $667,314.00

Foundation, concrete, diameter 18.00 m $31,301.20

Leakage Control for Foundation $3,353.70

Steel Tank, glass coated, diameter 17,50 m, height cyl. 17,50 m, volume 

4,210 m³ 

$503,055.00

Leak-/Over-/Underpressuretest $0.00

1 mixer, top mounted, 15 kW $78,253.00

Insulation included

Cage Ladder, Platform, Viewing Glass included

Over-/Under pressure Valve and Safety Equipment included

Freight, Assembly, Documentation included

Flanges $16,768.50

Secondary Digester $201,222.00 $212,220.00

Concrete Tank, diameter 20.00 m, height cyl. 6.00 m, volume 1,885 m³ $72,663.50

Leakage Control for Foundation $4,471.60

2 mixers, side-mounted, 11 kWe each $39,126.50

Double Membrane Gas Holder Roof, volume about 640 m³ $36,890.70

Insulation $31,301.20

Cage Ladder, Platform, Viewing Glass $6,707.40

Over-/Underpressure Valve $3,353.70

Flanges $6,707.40

$0.00

Storage Tank $0.00

according to local regulations, may be lagoon $0.00

Gas System $184,453.50 $194,535.00

Emergency Flare, 250 m³/h $27,947.50

Gas Blower $11,179.00

Gas Cooler $55,895.00

Gas desulphurisation $89,432.00

Gas Engine $402,444.00 $424,440.00

Gas Engine, Jenbacher, 526 kW el. Power $391,265.00

completely equipped to be installed in a building included

incl. heat distribution, safety devices, control cabinet included

Heat for start-up operation $11,179.00

Building $72,663.50 $76,635.00

Pumping Room between digesters and secondary digester $33,537.00

1 Building for electrical devices $11,179.00

Building for Gas Engines $27,947.50

Reception Hall $0.00

Biofilter $0.00

Toilet, shower, office $0.00

Office Building $0.00

Equipment $159,300.75 $168,007.50

Pumps $25,152.75

Grinder $0.00

Heat Exchanger $67,074.00

Pipes $67,074.00

Weigh Bridge $0.00

Gas-, Electric-, Heating System Installations $122,969.00 $129,690.00

Electrical Equipment $89,432.00

Process Control Equipment $22,358.00

Measurement Devices $11,179.00

Lightning Protection Included

Transformer on site

Connection to Transformer on site

Engineering $335,370.00 $353,700.00

Subtotal, net, without VAT $2,337,367.50

Onsite Preparation activities $200,000.00 $200,000.00

Estimated Total for a 525kW ssystem $2,537,367.50
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526 kW Biodigester and Generator
Civil Works $0.00 $0.00

Preparation of Site on site on site

Fence and Gate on site

Street Works on site

Civil Works in general on site

Reception Tank for Liquid Input $105,082.60 $110,826.00

Concrete Tank, diameter 17.00 m, height cyl. 6.00 m, volume 1,360 m³ $55,895.00

2 mixers, submerged, 11 kWe each $22,358.00

Cage Ladder with Platform $4,471.60

Cover (simple roof) $16,768.50

Flanges $5,589.50

$0.00

Pasteurisation Unit $0.00

no Pasteurisation included $0.00

Digester $632,731.40 $667,314.00

Foundation, concrete, diameter 18.00 m $31,301.20

Leakage Control for Foundation $3,353.70

Steel Tank, glass coated, diameter 17,50 m, height cyl. 17,50 m, volume 

4,210 m³ 

$503,055.00

Leak-/Over-/Underpressuretest $0.00

1 mixer, top mounted, 15 kW $78,253.00

Insulation included

Cage Ladder, Platform, Viewing Glass included

Over-/Under pressure Valve and Safety Equipment included

Freight, Assembly, Documentation included

Flanges $16,768.50

Secondary Digester $201,222.00 $212,220.00

Concrete Tank, diameter 20.00 m, height cyl. 6.00 m, volume 1,885 m³ $72,663.50

Leakage Control for Foundation $4,471.60

2 mixers, side-mounted, 11 kWe each $39,126.50

Double Membrane Gas Holder Roof, volume about 640 m³ $36,890.70

Insulation $31,301.20

Cage Ladder, Platform, Viewing Glass $6,707.40

Over-/Underpressure Valve $3,353.70

Flanges $6,707.40

$0.00

Storage Tank $0.00

according to local regulations, may be lagoon $0.00

Gas System $184,453.50 $194,535.00

Emergency Flare, 250 m³/h $27,947.50

Gas Blower $11,179.00

Gas Cooler $55,895.00

Gas desulphurisation $89,432.00

Gas Engine $402,444.00 $424,440.00

Gas Engine, Jenbacher, 526 kW el. Power $391,265.00

completely equipped to be installed in a building included

incl. heat distribution, safety devices, control cabinet included

Heat for start-up operation $11,179.00

Building $72,663.50 $76,635.00

Pumping Room between digesters and secondary digester $33,537.00

1 Building for electrical devices $11,179.00

Building for Gas Engines $27,947.50

Reception Hall $0.00

Biofilter $0.00

Toilet, shower, office $0.00

Office Building $0.00

Equipment $159,300.75 $168,007.50

Pumps $25,152.75

Grinder $0.00

Heat Exchanger $67,074.00

Pipes $67,074.00

Weigh Bridge $0.00

Gas-, Electric-, Heating System Installations $122,969.00 $129,690.00

Electrical Equipment $89,432.00

Process Control Equipment $22,358.00

Measurement Devices $11,179.00

Lightning Protection Included

Transformer on site

Connection to Transformer on site

Engineering $335,370.00 $353,700.00

Subtotal, net, without VAT $2,337,367.50

Onsite Preparation activities $200,000.00 $200,000.00

Estimated Total for a 525kW ssystem $2,537,367.50

A complete 526kW biomass to 
electric plant installed for about 

$3,000,000 

 

 

 4,607,760 kWh /year @ $0.1246 

$574,126 per year  revenue 

Simple pay back period  ~8.5 years 
https://energypedia.info/wiki/File:Cost_Assessment_of_Biogas_Plant_

Components_Tupandi.pdf 

 

https://energypedia.info/wiki/File:Cost_Assessment_of_Biogas_Plant_Components_Tupandi.pdf
https://energypedia.info/wiki/File:Cost_Assessment_of_Biogas_Plant_Components_Tupandi.pdf
https://energypedia.info/wiki/File:Cost_Assessment_of_Biogas_Plant_Components_Tupandi.pdf
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Problem: 

• Focus of Bio-Energy research and development is lagging significantly behind the 
state of the technology. 

• Many classes of bio-fuels have reached a natural state of obsolescence and are no 
longer financially or environmentally viable. 

Solution: 

• State of the art digestion and gasification technologies and other energy 
reclamation technologies are available and affordable today. 

• Reclaimed energy from a variety of waste products can pay for treatment facilities in 
a few years and provide significant positive cash flows over the life of the system. 

Conclusion: 

• Replacing  even newly constructed obsolete-technology-systems now, with positive 
cash flows to the community, can be significantly cheaper then the continued 
operation of current systems. 
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MAREH / 361 Southwest Drive, #153, Jonesboro, AR 72401 /  (870) 206-0160 / www.mareh.org 

Requirements/Conception: 

• MAREH can identify and codify your requirements into a set of proposal-ready 
specifications and produce an effective Statement-of-Work (SOW) 

Project  Oversight: 

• MAREH can serve as the “Clerk of the Works” we represent your community’s interests in 
monitoring  the various contractors involved in making your RNG/Biogas system a reality 

Verification and Commissioning: 

• MAREH can serve as your verification and commissioning agent to ensure you get what 
you paid for in your Biogas Plant and that it works as designed. 

Lower Costs: 

• As a non-profit MAREH is a cost affordable alternative to high priced commercial 
engineering and management firms. 
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Contact Information 

  

Dr. Robert L. Straitt 

 

dr.bob@mareh.org 

 

870-206-0160 
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