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Manitoba Agriculture, Food and Rural Initiatives
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“the potential”

Renewable Energy Opportunities

“making it happen”

� INTRODUCTION

� TYPES OF DIGESTORS

� HISTORY AND STATUS OF AD 

DEVELOPMENT 

- United States

- Canada

- Europe

� BIOGAS MISSION

� THE FUTURE

� The microbial degradation of 
organic compounds, in the 
absence of oxygen, to biogas – A 
mixture of methane ( 50 to 70 %), 
CO2 (30 to 50 %), and trace 
amounts of H2, NH3 and H2S

� Energy needs & supply

� Government support and promotion of alternate 
energy sources

� Mandated nutrient management requirements

� Carbon credits for GHG mitigation / climate 
change

� Better equipment instrumentation, control 
systems for remote monitoring

Favorable Conditions

Government’s Role

1)  Standards and Policy
� Electrical 

- pricing 
- access

� Environmental 
- licence 
- application

2) Demo Projects
3) Knowledge Sharing

� Better control of odors from storage and during 
application

� Energy Revenues

� Biogas fuel / electricity / CHP

� Provides nutrient management predictability  and 
flexibility

� Provides water quality benefits by stabilizing 
manure organics (BOD) and significantly 
reducing pathogens

Offers:
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� Municipal Wastewaters

� Industrial

� Animal Manures

� Municipal Solid Wastes 

� Energy Crops & Crop 
Residues

Feed Stocks Temperature Ranges for AD

� Thermophilic (40 - 70 °c) typ. 55°c

� Mesophilic (20 - 40°c) typ. 35°c

� Psychrophilic (15 - 25°c) typ. 25°c

� Pasteurization (Europe)70°c for 1.0 hr

E.U. requires pasteurization of organic food or food  
processing waste that is to be applied to agric lan d. 

� Covered lagoon digestor

-Temperate to warm year round climate
-Liquid manure, less than 3% solids
-May be used in cold climates for seasonal   
biogas recovery and odour control
-HRT – 40 to 60 days

Types of Digestors

� Complete Mix Digestor
-Used for manure with 3 – 10 % solids
-Above or below ground heated tanks
-Mechanical or gas mixing system keeps 
solids in suspension
-HRT – typically 15 – 20 days

Types of Digestors (cont’d)

� Plug – Flow Digestor
-Suitable for ruminant animal manure 
11 – 14 �� total solids
-Heated in ground tanks
-HRT – 15 to 20 days

Types of Digestors (cont’d)

� Fixed Film Digestor
-Tank filled with plastic media
-Media supports a thin layer of anaerobic 
bacteria called biofilm.
-Best suited for dilute waste steams 
-Better suited to temperate to warm climates

Types of Digestors (cont’d)
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a)First Generation 1970 – 1990

-140 system installed

- 69 as university research  

- None in  operation today

- 71 commercial swine, dairy   

- > 60 % failure rate

Development in US Livestock Industry 
(Source Ag Star)

� Scaled up experimental systems

� Equipment problems

� Complex digestion processes

- Labor skills training, tech-support

- Expensive to maintain and repair

� “Cookie cutter” design approaches

-19 failure by one vendor

Reasons for High Failure Rates

b) Subsequent development

� Ag STAR program (1993), targets markets, 

technologies, project development tools, 

practice standards

� National effort results in many state 

programs by 2000

� In 2001-2002 – CA, NY, WIS, PA grant 

programs offer 40 % cost share

c) Recent Developments 2003 – Present

� Supporting policies farm bill renewable 

energy and energy efficiency

- $22 million grant & loan program

- Cost share @ 40 % capped at $400,000

� Technology must be “commercially proven” to 

qualify (majority applicants in dairy)

� US Digestor practice standard finalized

2002 – 45 Operating System, 30 in planning

2006 – 100 Operating System, 90 in planning

2005 Operating A.D By Technology

26%

13%
5% 1% 1%

51%

Plug Flow

Complete Mix 

AMB Temp
Covered Lagoon 
Mesophilic
Covered Lagoon 
Two Stage 

Attached Media 

Canadian Situation
Goodfellow Agricola Consultants Inc.
Biogas Projects (On-Farm and Centralized)-April/06

� Total Projects Identified Canada-wide: 66
� Pre-feasibility / talking: 42
� Feasibility study phase: (only ½ likely feasible) 10
� Under construction: 1
� Built and working: 8
� Built but not currently working: 5

(appropriateness of technology and management) 
� Of the above 11 are centralized facilities in the 

pre-feasibility / feasibility phase 
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Provincial Update
� Ontario’s  SOC

- 11¢ /kWh for wind and non peak power from 
other sources

- 14.52 ¢ /kWh for peak power
- 1 planned,2 construction,12 feasibility,5 

research
- Large digestors
- Small/medium-10 year payback

� Alberta
- 2 operational,1 recommissioned,4 feasibility

Manitoba
� Provide financial support to better understand 

the technical, economic and environmental 
feasibility of potential AD development in the 
province

� 3 projects,3 different type of hog operations,3 
different digestors with different operating 
temp.

-Topeaka Farms
-Riverbend Colony
-Cooke Feeders

European Situation
Leading Countries in Europe

� Sweden
� Denmark
� Austria
� Germany

� 7 farm based plants, 10 co-digestion plants

� Feedstock, primarily from municipal solid waste 
and little animal manure

� RE promotion by Investment subsidies � 436 per 
KW, feed in tariff according to household elect. 
prices

� Emission certificates (6.55 � / mwh May 2004 )

� >4500 NG bi-fuel vehicles
� First biogas train

Sweden

� 57 Farm – based plants
� 22 joint (co-operatively owned) plants 

producing 80 % of biogas output
� Biogas mainly used for CHP generation
� RE Fixed Price (6 – 8 years)

� Low interest loans for district heating 
systems.  Investment subsidies 
(20 – 50 %)

� Most measures stopped by 
conservative government in 2001

Denmark

� 140 farm based plants
� 50 plants planned up to 2004

� 30 mW installed in 2006
� Till the end 2006 � 70 mW

� Avg installed capacity 250 – 500 kw 
(elect)

� Importance of energy crops growing
� Feed in tariffs only for plants built before 

end of 2006

Austria
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� 2700 farm based plants, 55 plants for 

(OMSW), organic municipal solid waste

� 650 MW elect. power output installed

� 0.8 % of total elect. supply from biogas (all 

renewable 9.4 %)

� Potential  elect. production

- from agricultural sources <6%

- from OMSW  5%  

Germany

Drivers behind AD in Germany

� Fixed feed in tariff for electricity for 20 years

� Guaranteed access to electricity grid

� Access to long term interest loans

� Good infrastructure for supporting 
entrepreneur interested in biogas plants

Germany (cont’d)

� Feed stocks – more energy crops, less 
manure and wastes

� Increased plant size

� Standard tech components
- Solids input devices
- Agitators
- Engines for biogas utilization
- Development of specific plant concepts by 

individual suppliers

Trends Germany
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+2+68.4>5000

+2+68.9500 - 5,000 kW

+2+69.9150 - 500 kW

+2+611.50 - 150 kW

energy crops

using just manure, 

heat usageagricultural plantsi.e. using waste

Bonus forBonus forBasic price

Guaranteed Fixed Price [� Ct / kWh el.]Average power

Fixed Price System for Biogas Electricity Objectives of the Mission

� To visit biogas plants that utilise feedstocks such as 
manure, sewage sludge, energy crops, expired food 
and ag-waste

� See biogas plants operating under mesophilic (35-
40C) and thermophilic (55C) conditions

� Examine different reactor technologies 
(i.e., horizontal, vertical and “compartment”)

� Look at different end uses such as electricity 
production and feed in to natural gas network

� Applications for thermal power

� Examine economics of biogas production
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Pucking Biogas Digester

� Utilises poultry manure, poultry bedding and hog 
manure (6m3 per day / 2,200 m3 p.a.)

� 10 to 14% solids in substrate, HRT- 45 days 
� Vertical reactor (270 m3)
� Reactor operation fully automated and simple in 

design
� Utilises pressure difference between outer ring 

and inner cylinder to agitate substrate
� Mesophilic (35-37C) 
� Produces 200-300 m3 biogas with 60-65% 

methane content 

Rosenthaler Bio Kraftwerk GmbH

� Feedstock: liquid manure & corn silage (50%) 
and slaughterhouse waste (50%)

� Pasteurisation of certain feedstock required 
(2h to increase to 70C, then 1h at 70C) 

� 2 x 1,300 m3 reactors (2-stage digestion)
� 4-5% solid content (25 ton input per day)
� 60% methane in biogas 
� Mesophilic (38-39C) / 70 day fermentation
� Thermal heat sold to local fruit drying business
� Profit from slaughterhouse waste 

(15 Euro/ ton)

Schmack Biogas AG

� Feedstock is organic farm waste (manure, 
potatoes, onions etc.)

� Two stage digestion 
- D.M. 15% primary – HRT 15 days
- D.M. 8%-10% secondary – HRT 40-
45 days

� Horizontal reactors (2 x 260 m3) & 
vertical reactors (2 x 1000 m3)

� Mesophilic (35-40C)
� 4,000 m3 biogas per day
� Spent feedstock used as agricultural 

fertilizer

Salzburg Green Waste Digester
(Dranco Process – Dry Anaerobic 
Composting)

� Feedstock: Source-separated organic waste (80-100 
tons per day or 20,000 tons p.a.)

� 15 -20% solids in substrate (21 day fermentation)
� Reactor 2800 M3 vert
� Monday-Friday operation (gas production uneven) 
� Thermophilic (55C)
� Produces 6,800 m3 biogas / day (55% CH4) used to 

power 2 x 500kW generators
� Spent feedstock converted to compost by anaerobic 

digestion

Pucking Biogas Treatment Unit for Feed-
in to Natural Gas Network

� Two stage treatment
� First stage to remove H2S using a bio-filter

H2S + 2O2 + 2OH- � (SO4)2- + 2H2O
� Second stage uses pressurised gas with       

carbon molecular sieves to remove CO2
� 97%+ methane is pressurised then fed into 

natural gas network
� Process requires very little maintenance
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Mureck Biogas Plant

� Feedstock: milled corn (10T), corn silage (10T), manure 
(40 m3), canola cake (2T) and glycerine is planned

� Integrated into a renewable energy site (biodiesel and 
district heat from wood chips)

� 4 x 1,000 m3 vert primary and 3 x 4000 m3 vert secondary
� 12% solids in substrate; mesophilic (38C); 

50 day digestion
� Secondary reactor also produces high methane biogas 
� Plant produces 4 million m3 biogas p.a. or 

2.1 million m3 CH4 p.a.
� Adding canola cake boosts methane content by 2%
� Proposing to add 6% glycerine, will boost methane 

content by 2% (up to 57% methane)

Bruck Biogas Plant

� Feedstock: sugar beet silage, expired 
foodstuffs, grease collectors 

� Integrated into a regional energy concept; 
energy self-sufficiency by 2005 (currently at 
75%) 

� Two streams for organic-suitable fertilizer and 
for regular farming

� Mesophilic (38C); 2-stage digestion; 
8-10% solids

� 65-70% methane in biogas 
� 1.2 MW electricity production
� Disposal fees 1/3 of income

Passau Green Waste Fermenter
(KompoGas Plant)

� Utilises household separated organic waste
� 25-30% solids in substrate
� Fully automated (except manual separation of large 

impurities) 
� Processes up to 45,000 tons of substrate p.a.
� Thermophilic (55-60C)
� Horizontal reactors 3 x (950m3 + 150m3 gas)
� 21,000 m3 biogas per day
� 58-62% methane in biogas 
� 1.4 MWel output (2 x 836MW J. generators)
� Spent feedstock converted to compost by aerobic 

digestion

Bekon Dry Fermentation

� Utilises household separated organic 
waste

� 20 to 55% solids in substrate (must be 
stackable) 

� Compartment reactors 5m x 6m x 25m
� 2,000 tons per compartment per annum
� 60% methane in biogas 
� Mesophilic (35-40C)
� Digestate converted to compost by 

aerobic digestion
� 50% digestate to inoculate 

The Future for AD

� AD not the solution for every farm

� Systems require significant capital expense

� Require significant knowledge and commitment 

to operate effectively

� Rising energy costs will make AD more viable 

particularly for CHP applications

� How does society pay for non-electrical benefits 

of digestor-pathogen/odour reduction, rural 

econ. development.

Thank you


