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Preamble 

The International Assessment of Agricultural Knowledge, Science and Technology (IAASTD) World 

Agricultural Report[
1
] concludes small scale agro-ecological and equitable distribution systems was 

the best solution for addressing food security, the global food price crisis and the realization of the UN 
Millennium Development Goals (MDGs): the reduction of hunger and poverty, the improvement of 
rural livelihoods and human health, and facilitating equitable, socially, environmentally and 
economically sustainable development.  

The importance of agro-ecological farming systems has been further bolstered by the recent peer 
reviewed study of 280 organic farms from both developed and developing countries which concludes 
that organic farming was two to three times more productive than per hectare than conventional 

farming in developed countries, and up to ten times in developing countries[
2
].  

The widespread adoption of agro-ecological farming practices is considered by the Food Agricultural 
Organisation (FAO) as key requirement to achieving food security in Southern Africa. The FAO’s May 
2007 report concludes that Southern Africa should convert to 50% organic farming practices in order 
to achieve food security and that traditional African farmers were best placed to convert to organic 

farming[
3
]. 

Integrated Biogas and Algal Systems have a significant role to play in the development of agro-
ecological farming systems as these systems can provide a valuable and diverse product slate from 
existing biowaste resources available in the form of kraal manure to most traditional rural households.  
This product slate includes biogas, biomethane, high protein algal animal feed, zoo-plankton rich 
water for aquaculture and liquid fertilizer for aquaponics, hydroponics and field and garden irrigation. 

Despite the evidence pointing to the urgency and need to roll out agro-ecological systems to achieve 
food security, Government agricultural policies remain focused on the green revolution ‘massive food 
production’ monoculture paradigm, which is linked to a number of social and environmental 
externalities such as pesticide contamination of water courses, soil erosion and climate change.  The 
proposed block busting of over 1.4 million hectares of traditional land and commonages for biofuels 
production is an indication of the extent to which the marginalisation of small-scale farmers and 
traditional rural communities will occur.   

As many as 70% of rural households have animals other than just chickens [4]. The kraal manure from 
an average rural household will produce and about R30 000 in LPG gas equivalent in methane rich 
biogas.  Furthermore, biogas digester effluent is an excellent organic fertilizer for irrigation for 
agriculture with improved nitrogen delivery compared to manure and compost. The full potential of 
the biogas digester is the zero waste utilisation of the digester effluent for feed and food production 
including the production of high protein algae, zooplankton, and aquaculture. 

According to the National Rural Domestic Biogas Feasibility Study [5]over 310,000 households (9.5% 
of SA’s rural households) are technical able to participate in a rural biogas programme (these are the 
households that have 4 cows or more, do not have access to grid electricity, and have access to water). 
The study indicates that the feasibility of implementing a rural household biogas rollout in  areas such 
as the Eastern Cape and KwaZulu Natal is as high as 26% financial IRR and an economic IRR of 77%.   

The success of any agro-ecological rollout will hinge on the establishment of an appropriate 
economically sustainable and replicable model for enhancing food and biofuel production of 
traditional farming systems.   The know-how and intellectual property gained through the 
establishment of such a model will be valuable to both the project owner and the people of South 
Africa. 

                                                           

1 From the recent April 2008 IAASTD report, which was commissioned by the United Nations and the World Bank, and 
is the result of four years of work by more than 400 scientists from around the world with input from 
governments, major research institutions, industry and the public at large, including farmers, the rural poor and 
other traditionally underrepresented members of society. 

2 ‘Organic farming yields as good or better”, University of Michigan's school of Natural Resources and Environment, 
Perfecto et al, Journal Renewable Agriculture and Food Systems, July 2007 

3 UN FAO report number: OFS/2007/REP 
4 Stats SA Rural Survey 2003 
5 South African National Rural Domestic Biogas Feasibility Assessment, Austin & Blignaut, AGAMA Energy, November 

2007, Prepared for Minister for Development Co-operation, The State of Netherlands 
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1. Integrated Biogas and Algal Systems 
The use of biogas digesters anaerobic fermentation is well understood method for treating biowaste. 
There are over 15 million operational biogas digesters in the world as at 2005 [6]. China has over 11 
million residential biogas systems installed – with over a million now being installed each year.  The 
addition of algal pond technology to oxidise the waste water effluent from biogas digesters was 
developed in the 1970s [7], piloted successfully by the UNDP in the 1980s[8] and subsequently 
implemented in a number of countries [9] including South Africa where a number of DWAF sponsored 
WRC Studies have demonstrated its effectiveness for the processing of municipal waste water and 
other industrial bio-waste streams. 

 

 

 

 

 

 

 

 

Figure 1: Harvesting Chlorella Micro Algae from an Integrated Biogas / Algal Pond System[8] 

Integrated biogas systems are essentially zero waste systems that make optimal use of nature, in the 
form of plants, animals, bacteria, fungi and algae, to produce biodiverse-food, energy and nutrients in 
a synergistic integrated cycle of profit making processes where the waste of each process becomes the 
feedstock for another process.  

 

Figure 2: A Simple Integrated Biogas System 

Figure 2 above indicates how the abundance of ‘kraal’ biowaste generated by small scale farmers and 
traditional rural households can effectively be processed into a number of useful commercial products.  

                                                           

6 Worldwatch Institute, 2005 
7 Golueke and Oswald, An algal Regenerative System for Single Family Farms and Villages, C.G. Golueke and W.J. 

Oswald, Compost Science 1973 
8 Montfort Boys Town integrated biogas/algal pond, Fiji, a United Nations UNESCO UNU/IAS & ZERI project. 
9 China, Fiji, Mauritius, Brazil and Columbia under the guidance of Professor George Chan. 
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In a fully integrated biogas/algal zero waste system, the energy rich biogas produced represents only 
about 15% of the economic potential of the system which produces a diverse product slate of high 
protein animal feed, zoo-plankton feed for aquaculture, fin fish and fresh water crayfish, liquid 
fertilizer, soil conditioning and pathogen free recycled water. 

A detailed life cycle assessment[10] of this system reveals how zero waste agriculture can contribute 
greatly to mitigating climate change through the elimination of fossil fuel and N2O green house gas 
emission associated with conventional agricultural. 

1.1 Biogas production, usage and benefits 

1.1.1 Biogas production 

The digesters will produce biogas with a methane content of about 60 %. Methane is a powerful green 
house gas and is linked to climate change. The combustion of this methane content of the biogas will 
create useful energy and can lead to a carbon credit revenue stream.  

1.1.2 Biogas and its benefits 

Biogas is a mixture of methane and carbon dioxide. It is produced by the action of bacteria on 
vegetable/organic material in airless conditions which is why the process is also known as “anaerobic 
digestion”. The bacteria slowly digest the material (usually animal dung, human wastes and crop 
residues) and produce a methane rich gas.  

Composition of biogas 

Substances  Symbol  Percentage 

Methane  CH4  50 – 70 

Carbon Dioxide  CO2  30 – 40 

Hydrogen  H2  5 – 10 

Nitrogen  N2  1 – 2 

Water vapour  H2O  0.3 

Hydrogen Sulphide  H2S  Traces 

Table 1 : Compositon of Biogas 

 

Biogas has been used for over 3000 years as an effective fuel for cooking and lighting. It makes a 
meaningful contribution to the energy supply and it saves fossil energy, such as coal, oil and gas. It 
also makes a significant ecological contribution to heat and electricity production. It is an 
environmentally friendly source of energy because it produces electricity and heat but still keeps 
carbon dioxide emissions neutral. As fossil based fuels become scarcer and more expensive and carbon 
dioxide emission levels become of greater concern, the benefits and potential of biogas as a source of 
energy supply are being increasingly recognised. 

Biogas is about 20 percent lighter than air and has an ignition temperature in the range of 650 degrees 
to 750 degrees C. It is an odourless and colourless gas that burns with a clear blue flame similar to that 
of LPG gas. Its calorific value is 22 Mega Joules (MJ) per m3 and burns with 60 percent efficiency in a 
modified conventional gas stove.  

One of the main attractions of biogas technology is its ability to generate biogas out of organic wastes 
that are abundant and freely available. Biogas produced on farms and in bio-waste industries is 
typically converted into electricity and heat energy through the use of combined heat and power biogas 

                                                           

10  Dream Farms II, Dr Mae Wan Ho, ISIS Press 2006. 
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powered generators.  However in countries such as Germany and Sweden it is common practice clean 
the biogas into bio-methane for use as a vehicle fuel. This practice is becoming increasingly popular as 
bio-methane has a number of advantages over conventional liquid fuels, namely: 

• No associated toxic poly aromatic hydrocarbon and synthetic chemical emissions.  

• Clean burning and reducing engine maintenance and costs 

• Methane fuelled trucks and buses are quieter than their diesel fuelled counterparts 

• No PM10 and other air quality & smog related emission  

• Pricing is not linked to unstable fossil fuel markets 

• Is produced from sustainable & renewable resources 

• Local decentralised production linked to fuel security 

• Positive contributions to climate change as it is a carbon neutral fuel 

• Can generate a carbon credit revenue stream 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Biogas fuelled vehicles  

Biogas is easily cleaned into biomethane a clean burning carbon neutral vehicle fuel that is safer and 
cheaper than petrol. There are currently over 5 million methane powered vehicles on the planet and 
the recent EU directive requires a further 25 methane powered million vehicles on the streets by 2020. 

 

In addition to the energy beneficiation, the use of integrated biogas systems has a number of other 
advantages over conventional waste water treatment and solid waste treatment systems, namely:  

• no smell (odourless),  

• low maintenance ecological sanitation, 

• co-digestion of solid biowaste reduces site solid waste content leading to a reduction in disposal 
costs, flies, rats and cockroaches, 

• chemical and electrical free water recycling and purification, 

• eliminates harmful pathogens in the fermentation processes (e.g. typhoid, paratyphoid, cholera and 
dysentery bacteria, hookworms and bilharzias parasites and helminth eggs), 

• can produce useful algae for high protein (56%) animal feed, compost, garden mulch, or enhanced 
biogas production, 

• produces nutrient rich pathogen free organic fertilizer, 

• can be linked to multi-trophic integrated food and protein production systems, including the 
production of high value algae and algal by-products. 
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1.2 High Rate Algal Ponds and Algal Harvesting 

1.2.1 Algal production 

The resultant biogas effluent (digestate) requires aerobic treatment before it can be released into 
aquifer. The use of integrated high rate algal ponds (HRAPs) has been demonstrated as a highly 
effective oxygenation of nutrient rich waters as algal photosynthesis yields large quantities of oxygen 
to support bacterial breakdown of the organic components whilst converting organic wastes and 
excess nutrients into protein rich algal biomass [11], using only on solar energy and, following algal 
harvesting, producing a high quality effluent. Algal photosynthesis in the HRAP will raise the pH of 
the treated waters to levels of 9.5 to 10 during the day which will effectively eliminate E.coli and most 
pathogenic bacteria and viruses.   

 

Figure 4: High Rate Algal Ponds (HRAPs) for the production of Commercial Algae 

1.2.2 Algal harvesting and usage 

Algae in HRAP will form stable flocs, which settle readily, and > 80% of the algal cells present in the 
system may be removed in a short residence time Algal Settling Pond (ASP) [Error! Bookmark not defined.]. 
This biomass has a low respiration rate and may remain concentrated in bottom of the ASP for a 
period of weeks without releasing significant amounts of nutrients.  

If the water from the HRAP is to be used for irrigation, algae need not be removed, but settling and 
storage should be sufficient to achieve a bacterial Mean Probable Number (MPN) <103 which is 
sufficient for irrigation waters.  

 

 

 

 

 

 

 

 

 

Figure 5: Harvesting and drying algae 

                                                           

11 Shelef, G. 1987. Waste Stabilization Ponds – Conclusions. Wat. Sci. Tech. 19:396-397. 
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Harvesting and removal of the algal biomass component of the treated water is required prior to 
discharge into public water bodies, although the algae may be beneficial to the food chain in the local 
ecosystem. There is little evidence that this biomass is harmful in moving waters. Although natural 
sedimentation of algae from a paddle-wheel-mixed HRAP is sufficient to remove >80% of the algae, if 
higher degrees of removal are required mechanical harvesting is recommended.  This can be done 
using two filter baskets in series, using 60 and 30 micron material screen filter and respectively.  

Algae biomass is rich in nutrients such as nitrogen, phosphorus, potassium and plant hormones and 
can be used as an effective fertilizer [12].  Comparative growth trials using HRAP algal supplement on 
turnips and Swiss chard indicate yields of 1.4 times greater, by mass, compared to the use of 
conventional fertilisers (2:3:2, N:P:K) [13].  The algal biomass can be dried and stored for later 
application where it can be reconstituted in water for irrigation, as a foliar feed or used in its dry form 
as a slow release fertilizer and soil conditioner. The comparative resistance of the algal cell wall to 
bacterial decay means that the fertiliser is released slowly, minimising nutrient loss from the soil.  

Nutritional analyses of the HRAP algal biomass at EBRU reveal an approximate composition (protein 
41.5%, lipid 4.8%, carbohydrate 35.1%) similar to that of other feed supplements such as soya cake 
meal and sorghum gluten meal and as such can be used as a feed supplement for pigs, poultry and 
cattle [14].  Other algal production methodologies indicate an algal protein content of 44% and higher. 
The algal biomass can be mixed into dry or wet into animal feed of can simply be used in suspension 
as a liquid feed [15].  

The use of HRAP produced algae’s as an effective animal feed supplements for to enhance growth and 
conditioning is well documented.  The natural algae that will populate the ponds will vary in 
consistency with the seasons and even within HRAP ponds that are linked in series.  It is recommend 
that the algal biomass is analysed to confirm protein content and identify any possible, but unlikely, 
problematic algal species that may contaminate the culture.  

The algal biomass can also be used as a feedstock for biogas digestion. Algal biomass can also be 
fermented to produce methane or alcohol for energy generation. One kilogram of algae will produce 
sufficient methane to generate about one kilowatt hour of electricity [16].  This provides an useful 
option to deal with surplus algal biomass and potentially post biogas production by up to 20%.  

It is possible to extract a number of valuable and useful by-products from the algal biomas, including 
fatty acid, amino acids, plant hormones, pigments, oils for biodiesel, nutracueticals, metabolites and 
ß-carotene. This will require the incorporation of processes such as supercritical counter-flow CO2 
extraction.  There advantage of utilising thus cryogenic process is that the same cryogenic compressors 
can be used to purify the methane by extracting CO2 from the biogas.  

 

 

 

 

 

 

 

 

 

 

                                                           

12 Development of high rate algal pond technologies in California, Benemann et al (1980), in Algal biomass, Shelef, G 
and Soeder, C.J. Elsevier/North-Holland Biomedical Press. Pp 457-493.  

13 Algal biomass nutrient enrichment in Horticulture, Horan , M.P. and Horan .S.J. (2004), EBRU Report 01/04  
14 Water Reclamation and Algae Harvesting, McGarry, M.G. and Tongkasame, C. Proc. 43rd Annual Conference WPCF, 

Boston, Mass (1970) 
15 Study on the use of algae as a substitute for oil cake for growing calves, S A Chowdhury, K S Huque, M Khatun and 

Quamrun Nahar, *Bangladesh Livestock Research Institute and Bangladesh Council for Scientific and Industrial 
Research, Livestock Research for Rural Development, Volume 6, Number 3, March 1995. 

16 “ The role of microalgae in liquid waste treatment and reclamation”, Oswald W.J. 1988, In Leembi and Walland, 
Algae and Human Affairs pp 255-281 
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1.3 Additional Integrated Farming Systems 
The highly oxygenated water from the algal settling ponds can be exploited to produce zoo-plankton 
for aquaculture. The production of zooplankton can be further enhanced by reducing the algal pond 
size to allow for more nutrients for zooplankton production.   

In a fully integrated farming system, the energy rich biogas produced represents only about 15% of the 
economic potential of the system which produces a diverse product slate of high protein animal feed, 
zoo-plankton feed for aquaculture, fin fish and fresh water crayfish, liquid fertilizer, soil conditioning 
and pathogen free recycled water.   

 

 

 

 

 

 

 

 

Figure 6: IFS Aquaculture fed on the effluent from algal ponds [
8
] 

It is recommended that of the combination of fresh water crayfish (maren) is grown in combination 
with tilapia mozambicus finfish in 5m wide by 1m deep channels. These fish will feed on the various 
natural Planktons at different trophic levels with very little (if any) supplementary feeding required. 
The tilapia is used as a trash fish to supplement the feeding of the high value crayfish.   

The fish & crayfish, will produce a second cycle of wastes that are treated automatically by natural 
orthotropic and heterotrophic organisms.  These new nutrients can be used as fertilizers for aquaponic 
cultures of crops on polystyrene floats over half the surface of the pond, and multi-cropping on the 
dykes surrounding the ponds, or for irrigation for fields, hydroponics. 

 

 

Figure 7: Aquaponics, plants growing on the aquaculture pond [
17
] 

 

It is possible to increase fish stocking densities by mechanical aeration and enhanced nutrient removal 
through gravel bed hydroponics, aquaponic channels. Both nutrient removal and aeration can be 
performed using the integrated aeration technique of aeroponics, where the water from the fishpond is 
pumped into a greenhouse and then flows through perforated pipes to irrigate the plants in baskets 
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with their roots in contact with the water which constantly flows through the pipes and returns to the 
fishpond. 

 

 

 

 

 

 

 

 

Figure 8: Aeroponics with the effluent from the aquaculture ponds [
17
] 

 

A further option of integrated farming would be to utilise the resultant algal protein for poultry and 
egg production in a partially closed photosynthetic reclamation of animal waste into energy, animal 
feed, high protein human and recycled water as indicated in the diagram below.   

 

  

 

 

 

 

 

 

 

 

Figure 9: Algae production from poultry waste [
18
]. 

 

The pilot for this system indicates that the feed costs to produce a dozen eggs would be around R1.80 
per dozen[19]. The addition of additional protein in the form of algae from abattoir waste will further 
reduce these feed costs.   

 

                                                           

17 The Integrated Biomass System, Prof George Chan, ZERI, Presentation 2005 
18 Photosynthetic reclamation of agricultural solid and liquid wastes Dugan et al., Sanitary Engineering Research 

Laboratory, University of California, 1970. 
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A similar integrated farming model can be applied to pig production. 

 

Figure 10: Healthy, clean pigs fed with algae from an integrated farming system [
8
] 

 

With the increasing high costs of energy, feeds, fertilizer and transport it is likely that renewable 
closed loop regenerative integrated farming systems like this will become more and more popular. 
This will represent an opportunity for pioneering integrated farming systems developers to capitalise 
on their intellectual property and know how by running course and workshops to train new 
practitioners in these systems.  This valuable intellectual property and know how can be 
commercialised through training programmes and / or franchising of the systems.  

 

2. Integrated biogas systems for an Agro-Ecological Farming 

Revolution 
Integrated Biogas and Algal Systems have a significant role to play in the development of agro-
ecological farming systems as these systems can provide a valuable and diverse product slate from 
existing biowaste resources available in the form of kraal manure to most traditional rural households. 
This product slate includes biogas, biomethane, high protein algal animal feed, zoo-plankton rich 
water for aquaculture and liquid fertilizer for aquaponics, hydroponics and field and garden irrigation. 

The International Assessment of Agricultural Knowledge, Science and Technology (IAASTD) World 
Agricultural Report[20] concludes small scale agro-ecological and equitable distribution systems was 
the best solution for addressing food security, the global food price crisis and the realization of the UN 
Millennium Development Goals (MDGs): the reduction of hunger and poverty, the improvement of 
rural livelihoods and human health, and facilitating equitable, socially, environmentally and 
economically sustainable development. 

The importance of agro-ecological farming systems has been further bolstered by the recent peer 
reviewed study of 280 organic farms from both developed and developing countries which concludes 
that organic farming was two to three times more productive than per hectare than conventional 
farming in developed countries, and up to ten times in developing countries[]. 

The widespread adoption of agro-ecological farming practices is considered by the Food Agricultural 
Organisation (FAO) as key requirement to achieving food security in Southern Africa. The FAO’s May 
2007 report concludes that Southern Africa should convert to 50% organic farming practices in order 

                                                                                                                                                                                              

19 Feed costs escalated to present value 2009 prices. 
20 From the recent April 2008 IAASTD report, which was commissioned by the United Nations and the World Bank, 

and is the result of four years of work by more than 400 scientists from around the world with input from 
governments, major research institutions, industry and the public at large, including farmers, the rural poor and 
other traditionally underrepresented members of society. 



Page 11 of 11 

to achieve food security and that traditional African farmers were best placed to convert to organic 
farming[21]. 

Despite the evidence pointing to the urgency and need to roll out agro-ecological systems to achieve 
food security, Government agricultural policies remain focused on the green revolution ‘massive food 
production’ monoculture paradigm, which is linked to a number of social and environmental 
externalities such as pesticide contamination of water courses, soil erosion and climate change. The 
proposed block busting of over 1.4 million hectares of traditional land and commonages for biofuels 
production is an indication of the extent to which the marginalisation of small-scale farmers and 
traditional rural communities will occur in the vacuum created by a lack of appropriate development 
for agro-ecological alternatives such as integrated biogas systems.  

                                                           

21 ‘Organic farming yields as good or better”, University of Michigan's school of Natural Resources and Environment, 
erfecto et al, Journal Renewable Agriculture and Food Systems, July 2007 


