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Why We Need Dream Farm

No more cheap fossil fuels
United States food sector uses 17% and Canada 11.2% energy, not including
export-import, food-processing machinery and buildings, waste collection &

treatment, and roads for transport

Water running out
It takes 1 000 tonnes of water to produce one tonne of grain; aquifers
severely depleted in major breadbaskets of the world

Productivity falling
Grain yields fell for four successive years, bringing world reserves to lowest

levels in 30 years

Loss of croplands from unsustainable practices

The world loses 20 m Ha, or 1.3% of its croplands annually from soil erosion
and salination; replacing lost croplands account for 60% deforestation
annually, greatly accelerating global warming

Urgent need to reduce emissions
French food sector responsible for more than 30% carbon emissions, not

including import/export, household use and storage, processing, and
imported fertilizers

Global warming threatens food production
Yields fall 10% for every deg. C rise in night temperature; predicted rise of 1.9

to 11.5 deg. C within this century in a business as usual scenario



OUTGROWING

THE EARTH

THE FOOD SECURITY CHALLENGE
m- AN AGE OF FALLINIGE WATER TART.ES
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Fallout of the "environmental
bubble economy'"

"....collapsing fisheries,
shrinking forests, expanding
deserts, rising CO, levels,
eroding soils, rising
temperatures, falling water
tables, melting glaciers,
deteriorating grasslands,
rising seas, rivers that are
running dry, and
disappearing species.”

Lester R. Brown 2004
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The Neo-Liberal Economic Model
& World Hunger

¢ More than 3 billion malnourished
(lacking calories, protein, minerals and/or vitamins)

¢ 830 million suffer from hunger
(protein-energy malnutrition)

The principal cause of hunger is poverty

e 1.08 billion in developing countries live on $1 or less a
day

¢ 798 million are chronically hungry

World hunger facts 2003, Hunger Notes
http www worldhunger.orgiarticlesiLearnfworld%20hunger®20facts%202002 . htm
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Abundantly productive
farms with zero input and
zero emission powered by
waste-gobbling bugs and

human ingenuity

Dr. Mae-Wan Ho

Environmental engineer meets Chinese
peasant farmers

Doesn't it sound like a dream to be able to pro-
duce a super-abundance of food with no fertiliz-
ers or pesticides and with little or no greenhouse
gas emission? Not if you treat your farm wastes
properly to mine the rich nutrients that can sup-
port the production of fish, crops livestock and
more, get biogas energy as by-product, and per-
haps most importantly, conserve and release
pure potable water back to the aquifers.

That is what Professor George Chan has
spent years perfecting; and he refers to it as the
Integrated Food and Waste Management
System (IFWMS).

(ZERI) (www.zeri.org),

Chan left China in 1989, and
work with Gunter and others in |
consultancy services. This work h
to nearly 80 countries and territor
tributed to evolving IFWMS into
alternative to conventional farming

The integrated farm typicall
crops, livestock and fishponds. Bu
from farm wastes often spill over i
extra production of algae, chig
worms, silkworms, mushrooms, a
ables that bring additional income
for the farmers and the local com
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Treating wastes with respect

The secret is in treating wastes to
loss of valuable nutrients that are
to generate further nutrients fro
etc., that feed a variety of crops an
the same time, greenhouse gaseq _ .
ing the first phase of waste treat " LN
vested for use as fuel, while the ox ledVorld Coming
in the second phase of waste trea tmnibspeas 4

gets rid of toxins and pollutants - is §
photosynthetic algae, so fish stock



Dream Farm lI
IREFE - Integrated Reduced Emission Food and Energy Farm

¢ Maximize Productivity and Balanced Growth
¢ Minimize Environmental Impacts
“Zero Emission” “Zero Waste” “Zero input”

* Self-Sufficiency in Food and Energy

Harvesting greenhouse gas from farm wastes for combined heat and
pow er generation and mobile uses, substituting for fossil fuels

Conserving & recycling nutrients for maximum productivity through
appropriate integration of lifecycles

Harvesting sunlight through algae to purify wastewater, crops for
food and feed, and solar panels for electricity

Conserving and regenerating potable water free of pollutants

Producing food organically with minimum environmental impacts
and maximum health benefits

Using energy at the point of generation for maximum
efficiency & minimum distributional losses

Producing and consuming food locally for maximum health benefits
and minimum environmental impacts



Social, Environmental and Economic Costs of
Food Transportin the United Kingdom

Congestion £ 5.0 billion
Accidents £ 2.0 billion
Ghg emission, air pollution,

hoise, infrastructure £ 2.0 billion
Total £ 9.0 billion
Value of agriculture £ 6.4 billion
Value of food & drink industry £19.8 billion
Total value of food sector £26.2 billion

Externalised cost due to food transport is
34% of the total value of food sector

The Validity of Food Miles as an Indicator of Sustainable Developmert, DEFRA 2005



Dream Farm

All energy needs: electricity, heating,
lighting, cooking, food processing
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Vir Clar Farm,
Fond du Lac., Wisconsin

@© 2005 Biogas Energy Systems www.blogas-energy.com



Container housing the CHP unit CHP unit within the container



Energy Yield & Carbon Emissions Saved
by Biogas Digester

Energy vield per cow-year 2 063 kWh

=620 m° = 0.4464 tonnes methane
(assuming 30% efficiency converting to electricity)

= 9.828 tonnes CO:2 equivalent
(global warming potential of 22 for methane)

Amount of oll saved per cow-year 0.553 tonne

=1.715 1 CO; equivalent
(1 tonne oil = 3.1 tonne CO; emissions).

Total carbon emission savings 11.543 t CO, equivalent

ek

A 100-acre farm with 80 cows could provide
>160 000 kWh & save 923.4 t CO, equivalent



Fats & Grease
Bakery waste
Food scraps
Corn silage
Grass silage
Green clippings
Brewery waste
Chicken manure
Potato waste
Pig manure

Cow manure

100

200

Biogas Energy Systems
digesters successfully treat
all of these substrates.

300 400 500 600 700
m3 biogas production/ton

200

1000



Potential Carbon Emissions Savings to the UK*

Savings from methane emissions prevented

(200 million tonnes manure) 27.024 Mt CO,
Savings from methane emissions substituting

for fossil fuel 9.948 Mt CO,
Savings from nitrous oxide emissions prevented 27.001 Mt CO,

Savings from fertilisers manufacture

(1.2% national emissions) 7.223 Mt CO,
Total 101.196 Mt CO,
UK’s national emissions 722.300 Mt CO,
Potential savings from IREFE farms 14.01%

*Based on DEFRA and other estimates



IREFE - Integrated Reduced Emissions Food and Energy Farm

carbon credits #
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# Thermocatalytic
conversion

® Hydrogen storage

® Hydrogen fuel cell for
transport

Combined Heat and Power Generation
® Combined heat and power generation system

® Food processing
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Fig. 2. Schematic of a PEM fuel cell operation. Source: World Fuel Cell Council.



IREFE - Integrated Reduced Emissions Food and Energy Farm
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IREFE puts together in one showcase all the relevant
technologies that can deliver sustainable food and farming
and a profitable low carbon economy

IREFE

e Generates all its own energy for heating and electricity,
including the ultimate clean fuel, hydrogen, for transport

o Substitutes for fossil fuel use

e Saves substantially on carbon dioxide emissions

e Reduces wastes and environmental pollution to a minimum

* Produces a diversity of crops, livestock and fish in abundance
e Requires little or no external input once established

* Provides employment opportunities for the local community

* Provides a showcase for how appropriate new technologies
are implemented

¢ Provides hands-on education and research opportunities at all
levels from infants to university students and beyond



“Supporting greater UK self-sufficiency in food is
iIncompatible with the concept of the European
single market, in which different countries
specialise according to comparative advantage. In
an increasingly globalised world the pursuit of
self-sufficiency for its own sake is no longer
hecessary nor desirable.”

UK Department of the Environment Food and Rural Affairs (DEFRA)
spokesperson on behalf of the Minister for the Environment Elliot
Morley, March 2005



The Rainbow and The Worm

The Physics of Organisms

by Mae-Wan Ho
Institute of Science in Society
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Sustainable systems as organisms?
Mag-Wan Ho™*, Robert Ulanowicz"
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Schridinger [Schrodinger, E., 1944, What is Life? Combridge University Press, Cambridge ] marvelled at hose the organism is
abile b nse metabolic snergy & maintaip mmd sven increase ils organisation, which conld pet be undarstond in tenns of classical
sintistical tharmodymamics. Ho [Fo, MW, 1985, The Rainbow and the Worm, The Fhysics of Orgamisms, World Sciantific,
Singapore; Ho, MW, 19683, The Rainbow and the Worm, The Physics of Orpanisms, 2ad (ealanged) ed., reprinted 1954,
T, H003 [available oaline from 1515 website www.i» sis.org, uk)] outlined a sovel *thermod yasmics of onganised complexity™
based om a nested dynamical stroctane that enables the omgnism o meintain i onanisation and simuianesously achieve non-
equilibrium and equilibrium esergy tramfer af maxirmm efficency. This themmodynamie model of the organism is raminiscent
al the dynamical stnectan: of steady stk ecosysiems identified by Ulanowicz [Uanowice, BB, 1983, Llentifying the sinsciune
af eycling in ecodystens. Math. Biosci 65, 210-237; Ulsnowicz, BLE., 2003, Some steps towands a central theory of ecodystam
dhymamyice. Comgadt. Biol. Chem, 27, SZ3-534],

The healihy organdem excels i mamtaning iis orgadsation and kesping sway from thermoedysamic equitibeum — death by
ancther nanse — aed in reproducing snd peoviding for fwivre senerations. In thoss respecis, it s the kleal sustainable sysiem We
ooz therefions to explore the cominon features barwean crzanisms and soosvstams, W so how far we can snalyss sustainabls
ayetems {m agriculime, ecology ad econcmice a5 organisms, and 10 auract indbators of the syeiems bealth or suspinabilio:

Wi fimd that leoking a1 sustaiishbe syetens as organiams provides fresh imelghts on susiamablilicy, and offiers dagnosbe critena
for smstaimability that reflect the system’s healih

I the case of eeosysbems, those disgnostic coitena of bealth trersae mbo properties such as bindiversity and produetivity,
the richmess of eycles, the eficiency of energy vse and minimeam dissipation. In the ease of economic systems, they manslnte
it space-time differentiation or orgayised beterogensity, loeal aubomomy and sufficiency at appropriate levels, reciprocity and
equality of exchange, and mest of all, balancing the exploitation of matwral resourees — real inpat indo the system — against the
ability of the evosystem o regenstaie itself
i 204 Elsavier Irzlopd Lid, Al rights reseposd,

Empwonts, Thermaodynsenics; {rpastsed complexing Cweles; Colserent enerpy storsge; Indicaiors of susisinsbiling Minimum dissipation
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