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Agro-Ecology Farming Systems

The IAASTD (2008), the most comprehensive assessment
of agricultural knowledge, science and technology to date.

Four year study engaged over 400 scientists and
agricultural experts from 110 countries, two peer reviews,
concludes that small scale agroecological systems:

— generate greater yields per hectare
— more jobs per hectare
— resilient to drought and disease

— contributing positively towards climate change mitigation,
adaptation and resilience.

IAASTD World Agricultural Report is ratified by 58
countries calls for governments to redirect their focus from
chemical and energy intensive conventional farming
systems towards productive small-scale agro-ecological
farming linked to equitable distribution systems



Projected changes in agricultural productivity to 2080 due to » /
climate change, incorporating the effects of carbon fertilization
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Zero Waste Environmental
Biotechnology

* |n nature one natural kingdoms waste is food for
another natural kingdom

* These natural processes can be used to produce
energy and nutrients.

« Waste is not a problem but a resource!
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ENVIRONMENTAL BIOTECHNOLOGY

The optimal use of nature, in the form of plants,
animals, bacteria, fungi and algae, to produce energy,
food and nutrients in a synergistic integrated cycle of
profit making processes where the waste of each
process becomes the feedstock for another process.
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Traditional farmers can utilize their kraal and biowaste resource to
produce food, energy, feed & fertilizer.

1.7 million smallholders with access to arable land
1.2 million cultivate crops like maize and sorghum
0.9 million have animals other than chickens

o j'r (i



MPEG

biogas burner.MPG

Low cost tube biogas digester for kraal waste at the
Agro-ecological Cooperative in Chintsa, East Cape



Biogas for Biofertilizer

. Direct Application
—

Kraal Manure 80 - 90% Nitrogen Loss
. —> Ry —>
Kraal Manure 60% Nitrogen Loss

Biogas Energy
g
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Kraal Manure Minimal Nitrogen Loss
+ 20% more available Nitrogen after digestion

= 1200% more Nitrogen Available
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Double Sumps separate SCUM and STABILIZED SLUDGE from Digester
Effluent, and store them for use as Bio-Fertilizers as and when nesdead,
allowing a clearer effluent to enter Settling Tank and Oxidation Basins Source (Chan, 2006)

Generic design for fin fish production
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Double Sumps separate SCUM and STABILIZED SLUDGE from Digester
Effluent, and store them for use as Bio-Fertilizers as and when needed,
allowing a clearer effluent to enter Settling Tank and Oxidation Basins

Source (Chan, 2006)

Generic design for fresh water crayfish production



Integrated Algal Systems

The production of microalgae
such as Chlorella is a tried and
tested oxidation method for the
treatment of effluent from both
large and small scale biogas
digesters.

Integrated Biogas and Algal
Sytsems were pioneered by
Golueke and Oswald in 1970’s
and enhanced by Professor
George Chan from the Zero
Emission Research and
Initiatives (ZERI) organisation.

Source (Chan, 2006)



Source (Chan, 2006)

Integrated Biogas & Algal System in Fiji



A

AN

Source (Chan, 2006)

With Integrated Aquaculture



Source (Chan, 2006)

High Rate Algal Ponds, Brazil



Algal production is enhanced by movement of liquid
with paddles in the basins for more exposure to solar
energy & dissolved oxygen.

@;_:_ e .

S iy




Urban Integrated Biogas
and Algal System

Ponds at 3 blocks of apartments,

Hamburg Institute, Dongguan,
China

Consists of:

Biogas Digesters,
Settling tanks,

Algal oxidation basins,
Fish pond,
Hydroponics,

Garden.

Source (Chan, 2006)




Aqguaponics on nutrient rich organic fertilizer
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Source (Chan, 2006)




Young PAPAYA
Trees were
Irrigated and
Fertilized by
nutrient rich water
after the algal
ponds show quick
growth and early
fruit bearing.

g=8 Daily irrigation with
nutrient pond
water produces
more growth than
chemical fertilizer
applied twice a

year.

Source (Chan, 2006)




Aquaponics
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Mushroom Production from Stover and Grass using biogas for sterilisation



Sweet Sorghum
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Action Required

Establish environmental biotechnology agro-ecological
reference centres that demonstrate food and fuel
production and distribution for smallholders

Develop appropriate community based biofuel
processing technologies:

— Biogas scrubbing, compression and storage

— QOil extractors and biodiesel processing

— Sugar sap extractors, ethanol fermentation & distillation

Introduce applications for technologies for bioenergy
utilisation for rural communities

— e.g. Biogas powered electrical generators, chillers and vehicles
— e.g. Ethanol powered engines, pumps, chainsaws and vehicles

Ongoing research to enhance productivity of integrated
systems



Biogas is People’'s Power!




Biogas
* Anaerobic fermentation is a 3000 year old technology
* There are over 15 million biogas digesters worldwide

« Sector growth is > one million digesters / year

* Produces useful methane rich biogas energy

* Produces useful biofertilizer sludge and effluent




Biogas digester advantages

* Low maintenance ecological sanitation

 Digests food waste (40% of solid waste), leads to
80% reduction of municipal waste removal cost

« Enhanced Nutrient capture & fertilizer production
« Water recycling & purification
* No Chemical and Electrical Inputs

 No bad smells




BIOGAS COMPOSITION

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 H20 0.3
Hydrogen Sulphide H2S Traces




Predicted world energy resources and
demand

Total demand
\b Hydrogen/Nuclear/Coal/Renewable

W Transport demand

1940 1960 1980 2000 2020 2040 2060 2080 2100
Year

Biogas is rich in bio-methane, a sustainable renewable
fuel not linked to the unstable price of fossil fuels



Route of Biogas Utilization

-»J‘ﬁ'wﬂ
steam reforming
H,-generation
H,-purification
hydrogen
industrial  stationary vehicle
gas fuel cell fuel

biogas

future

methane
enrichment

natural gas substitute
"biomethanea"

vehicle
fuel

lry
N7
ﬂﬂi‘
/

gas motor /
cogeneration plant

power / heat

disadvantage:
lower heat utilization
low electrical effiency factor

feed into natural gas grid
(highest efficiency factor)



Source (Japan for Sustainability, 2009)

Biogas powered vehicles?



Twin-turbo 3.0-liter Audi A4 Quattro

364.6km/h speed record on biogas from grass clippings,
Maximum Horse Power = 800 (597 kW)



Biogas powered vehicles, Sweden



Over 7 Million Natural Gas Vehicles (NGVs)
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Australia: 2,100

Mew Zealand: 500

30 Million NGVs by 2020



Closing the Rural and Urban Loop
in a Zero Waste Economy

Animal Feed ~ Valuable Reuse &

Recyled Products

High Protein '.
'
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Job creation, food security, energy & fuel security, environmental
protection, and nutrient beneficiation



Source (Render, 2008)

Integrated System AIPS™ reference plant at EBRU,
Grahamstown




AIWPS®or AIPS Algae technology

« The AIPS™ system has been used for wastewater treatment for
more than 30 years

 There are hundreds of AIPS™ plants internationally with the
largest plant processing 7.2 million litres of waste water per day

* The Dept of Water Affairs and Forestry DWAF brought the
patent into the public domain in South Africa after 12 years of
extensive tests at the 500 person reference plant at the Institute
of Environmental Biotechnology, Rhodes University (IEBRU)
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AIWPS®or AIPS Benefits

« Fermentation pit design captures heavy metals

* Algae is excellent source of nutrients
Fertilizer & Foliar feed
*Qils for biodiesel
*Nutracueticals & Metabolites
*Pigments
Amino Acids
*Plant Hormones




Source (Render, 2008)

High Rate Algal Ponds sized for 1000 people




AIPS Disinfection mechanism

Combined interaction of:

* Anaerobic fermentation
— Digestion of solids into elemental nutrients

— Prolonged (100+ day) oxygen free environment
destroys most aerobic pathogens

 Algal Ponds with
— Sunlight (UV)

— DO (Dissolved Oxygen) — Supersaturated to 30mg
per litre

— pH —up to 10.5 (ph of 9.2 will kill 100% ecoli)



Source (Render, 2008)

Pathogen free ‘bright” water from algal pond



Source (Render, 2008)

Pathogen free algal biofertilizer
1.4 x more effective than 2:3:2, N:P:K fertilizer (Horen, 2004)



Integrated Urban AIPS System
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Hoodpoint Integrated Biogas Intervention
Fea5|b|I|ty Study (ongomg)

KEEP OUT

SEWAGE CONTAMINATED
WATER

O CEAN WATER MAY CAUSE ILLNESS

Unlicensed (illegal) shoreline discharge 10MIl/day of sewage
and 3MI/day of waste activated sludge at Hoodpoint
Moratorium on R200million pipeline until alternatives
investigated

An integrated Biogas Intervention with codigestion of 90 tons of
biowaste could create 3million litres of petrol equivalent in
biogas per annum; generate more than 862 tons of algal
fertilizer

wxomy Environmental Biotechnology
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CONVERTING WASTE INTO ENERGY Consulting Engineers




Queenstown Central Anaerobic Digester Feasibility
Study (ongoing)

Municipal Waste Energy content per ha
Source segregated

Fuel returns per ha

| (diesel equivalent in km)
| |
(OFMSW  (Wet) Non Organic (Dry) — 22200
waste) 50-60% of waste
40-50% of waste) I I
I I
@ Transported ) Sorted, processed and = 2.3
directly to Biogas traded by SMME's -
or Composting 7 jobs per ton (Biomsss to £4.000
\ P e,
| oo I - |

____________________________

Feedstock:

«1000m3 WAS per day

*Up to 10000 tons OFMSW (municipal biowaste)
*Manure from from 3000sow piggery

*Biowaste from 100LSU abattoir

*300 ha of bioenergy crops (sweet sorghum)
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CONVERTING WASTE INTO ENERGY DISTRICT MUNICIPALITY

SUSTAINING GROWTH
THROUGH OUR PEOCPLE




Chris Hani District Municipality Rural Schools
Integrated Biogas Pilot

SIDE VIEW

Objectives: o ———
*Waterborne sanitation for 170 students and staff & codigestion of canteen waste;
*Demonstrate resource recovery and energy generation from biowaste streams;
*Biogas energy to for cooking of school meals;

*Pathogen free algal biofertilizer for schools gardens;

*Water recycling & aquaculture (second cycle of soluble nutrients) for irrigation;
scompliance with environmental health legislation & regulations;

-Compliment WESSA schools greening programme with a working life SC|en
laboratory demonstrating food and fuel security. 5,

A
WILDLIFE AND CHRIS HANI
ENVII{ONMENT DISTRICT MUNICIPALITY
?oOEIET}' (il‘[“i FHROUGH OUR PECPLE
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ZERO WASTE AGRICULTURAL BUSINESS
CLUSTER

Local Spatial Development Framework called for the development of
a zero waste agricultural business cluster in the Ndakana area
with:

1. 2350ha of tribal land owned by the Amazibula tribe

2. four villages, 1500 houses 8000 people

3. 60% of households have subsistence household
food gardens

4. 90% of households have livestock

Pre-feasibility study identified potential for 2500 sustainable livelihoods and jobs in
food and value add cluster along with the following bioenergy production:

1. 1TMWe from CHP using invasive wattle and/or waste bamboo

2. Surplus heat from CHP for boilers, pasteurisation, dehydration, drying,
chilling (coldrooms), brewing, distillation biodiesel manufacture.

3. 100 000 l/year of biodiesel produced from oil seed crops

4. 1000 000 l/year of bioethanol produced from drought resistant
sweetsorghum

5. 450 000 tons/year of biomethane (equivalent to 700 000 litres petrol) from
anaerobic fermentation of kraal manure
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Support climate change resilient
integrated smallholder agroecological food and bioenergy
production linked to equitable distribution systems!



Thank you

Mark Wells
markw@peoplespowerafrica.co.za
0835006276



