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Genealogy of Engineering

 Three pillars of knowledge
 Medicine
 Philisophy
 Engineering

 Imhotep (~2750 BC)
 1st practicing engineer
 Step Pyramid at Saqqarah

 Professional Societies of Engineering (in USA)
 1716: Civil
 1847: Mechanical
 1884: Electrical
 1907: Agricultural
 1908: Chemical

(Cuello, 2006)



Ten Agricultural and Biological Engineering 
Achievements that Changed the World

 Development of agricultural 
Tractor (~1890)

 Significant increase in productivity

 Rural electrification (1920s)
 Switch from animal and human power to 

electrical power

 Development of self propelled 
combine harvester (mid-1920s)

 Used to harvest range of crops with 100 
times increase in productivity

Source: Resource (May 2007)



Ten Agricultural and Biological Engineering 
Achievements that Changed the World

 Centre pivot for irrigation (~1952)
 First system capable of automatically, 

efficiently and uniformly irrigating a 
variety of crops, soils, sloping terrains, 
and field sizes

 Mechanical cotton picker (~1930)
 Reduced need for farm labor and the end 

of sharecropping

 Milking Machine (early 1900s)
 Dramatically improved the labor 

efficiency of collecting milk
Source: Resource (May 2007)



Ten Agricultural and Biological Engineering 
Achievements that Changed the World

 Conservation Tillage (~1960s)
 Retains residue from the previous year’s 

crop on the soil surface to prevent soil 
erosion

 ASAE Standardization Procedure 
(1910)

Source: Resource (May 2007)

NDSU, 2008



Ten Agricultural and Biological Engineering 
Achievements that Changed the World

 Rubber Tires on Tractors (~1930s)
 Providing enhanced traction 

performance
 Compatibility with paved roads
 Faster field and road travel speeds

 Refrigerated On-Farm Milk Storage 
(~1930s)
 Made significant improvements in both the 

quality and safety of raw milk supply

Source: Resource (May 2007)



Other Outstanding Achievements 
(Huggins and Cuello, 2000)

Low-Cost & Low-Energy 
Consuming Greenhouses

Grain Dryeration
http://www.yagnampul verizer.com/hammer-mill-air-blowers.htm

Cyclone Air 
Pollution 
Abatement 
System

http://nla.gov.au/nl a.pic- vn3296427

Chisel plough

http://www.omafra.gov.on.ca/english/engineer/fac ts/94-039.htm

Vegetated waterways & 
Erosion control

http://www.rainbird.com/about/imag elibra ry/bea uty/ima ges/I mpacts.jp g

Impact sprinkler

http://www.ces .purdue.edu/extmedia/AE/AE-107.html



Agricultural Mechanisation

 Recognised as one of 20 Greatest Engineering 
Achievements in 20th Century (ASAE, 2000)

 Consequences
 Significant increases in labour productivity in 

agriculture
 40% of labour force reduced to 2% to produce sufficient 

food to feed USA
 20% of ag. land in USA was needed to feed horses!

 Significant increase in food production
 Food production kept pace with population growth

Deere and Company (2008)



(Goering and Hansen, 2004)
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Impacts on the Environment

 Rate of food production > population growth
 Over supply and shortages → Food Insecurity

 Production systems → Environmental 
contaminationand degradation
 Soil erosion, desertification
 Pesticide runoff
 Groundwater pollution
 Climate change
 …..

 Mechanised agriculture (Cuello, 2002; Cuello, 
2007)
 USA

 90% of arable land eroded faster than soil 
generation

 Globally
 70% of arable dry land production → desertification

 Unsustainable long term agricultural 
production systems



Is this the legacy we want to leave?



Or this?

 Food and Energy Production Systems
 Well planned
 Sustainable
 Efficient 



Soil Degradation in South Africa

Source: http://www.sanbi.org/landdeg/



Pasture Degradation in South Africa

Source: http://www.sanbi.org/landdeg/



Source: Department of Environmental Affairs and Tourism (2008) 



Ecologically Safe, Healthy and 
Sustainable Environment

 Design sustainable, locally adapted, engineering solutions
 Systems and technology needs to be “environmentally 

friendly” 
 Mimic natural ecosystems with no wastes
 Economically viable, account for cost of degradation
 Utilise renewable energy sources
 Intelligent automated agricultural machines and sensors
 Further development and use of precision agriculture and 

information communication technology +
 Focus on both ends of production scales 

 Large commercial farmers
 Emerging, small scale farmers



Precision Agriculture

 Site specific agriculture
 Response to spatial variability within individual fields 
 Requires precise and reliable position computation

 Components
 Positioning by satellite navigation systems
 Real time mapping, e.g.  crop yield, fertility, plant stress
 Control of field operations

 Fertiliser and pesticide application
 Irrigation

Source: Auernhammer and Schueller (2004)





Improved, Affordable and Widely Applied 
Technology in Precision Agriculture

 Development of automated and rapid 
sensors  of spatial variability, e.g.
 soil moisture and acidity
 plant stress from spectral reflectance 

from crop
 discriminate between stress from 

disease, nutrient deficiency or 
insufficient moisture

 weed/crop discrimination 
 Precise applicators
 Concepts need to be developed, 

adapted, adopted for large and small 
scales

 Potential to reduce productivity gap

Australian Centre for Precision 
Agriculture (2008)

McGinnis 
(2007)

Davis et al.
(2008)



Production with Climate Variability and 
Climate Change

 Natural climate variability
 Spatial
 Temporal

 Climate change



CO2

CH4

N2O

Acknowledgement: IPCC (2007); Schulze (2008)

Considerable 
changes have 

occurred since the 
industrial revolution



Global mean temperatures are rising faster with time

100   0.0740.018
50    0.1280.026

Warmest 12 years:
1998,2005,2003,2002,2004,2006, 
2001,1997,1995,1999,1990,2000

Period      Rate

Years  /decade

Acknowledgement: IPCC (2007); Schulze (2008)



Impacts of Climate Change

 Debate on degree and distribution
 Sea level and storm surges
 Frequency and magnitude of  

extreme climatic events
 Significant impact on agriculture
 Largest impact in poor and 

developing countries
 Lack of capacity
 Lack of technology
 Limit poverty alleviation



Potential Impacts of Climate Change in 
South Africa
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Acknowledgement: Schulze, 2009



Potential Evaporation Potential Evaporation 
is Projected to is Projected to 

Increase by  Increase by  
~ 5 ~ 5 -- 15% in the 15% in the 

Intermediate FutureIntermediate Future
and by ~ 20 and by ~ 20 -- 25% in 25% in 

the More Distant the More Distant 
FutureFuture

Acknowledgement: Schulze, 2009



RainfallRainfall

RunoffRunoff

Sediment Sediment 
YieldYield

I:PI:P F:PF:P

Acknowledgement: Schulze ( 2009)



Sugarcane Yields Under Present Climatic ConditionsSugarcane Yields Under Present Climatic Conditions

Optimum Growth Areas Under Future Climate ProjectionsOptimum Growth Areas Under Future Climate Projections



Technology to Mitigate Impact of Climate 
Change

 Need adaptive & flexible management strategies 
 Predict/forecast future climates and impacts

 Optimum growing regions
 Irrigation demands for water
 Pests and diseases
 Production practices to minimise GHGs
 ……

 Optimum use and retention of water – critical growth 
periods

 Renewable energy and energy efficiency
 Strengthen local capacity – mitigation measures
 Develop research capacity
 …..
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Food and Water Security and Sustainability

 Increase in hunger despite increase in global 
food production

 84% of global population live in water 
stressed region

 1/6 of world has inadequate & unsafe 
drinking water

 Food insecurity is a consequence of
 Limited fresh water supplies
 Limited fossil fuels
 Environmental degradation
 Climate variability and climate change
 Production economics 
 Increasing world population



Growing World Population

 Projections
 2000 - 2050 

 50% projected increase in world population
 by 2050 

 7.3-10.5 billion
 At current rates: 14 billion

 Requires more food, water, energy, 
goods

 Limited resources demand we do more 
with less, without degrading our natural 
environment

Sources: Cuello (2002); Agarwal (2007); FAO, 2007); Erbach (2008)



Global Water Supply

 By 2050: two thirds of global population
 Inadequate access to safe drinking water
 Inadequate water for food production

 Growing demand  > Supply
 Potential for conflict 

 Current global usage
 71 % used for irrigated agriculture
 20 % for industry, and 
 9 % for municipal and domestic purposes

Source: Erbach (2008), Hansen (2008);Howell (2008), Shady (2008)





Inter-Catchment Transfers



National Water Act 
(Act 36 of 1998)

 Fundamental change to management of water and 
water use rights
 From riparian rights system
 Permit (licensing) system

 Establishes priority of allocation
 Provision for the Reserve
 International agreements and obligations
 Water for social needs
 Strategically important to the national economy 
 Water for general economic use, which includes 

commercial irrigation and forestry
 Licence for water use required
 Trading of water is envisaged
 Resources and knowledge to implement?



Water Use (%) in South Africa 
in 2000

Irrigation 62
Urban,

23

Rural, 4

Min ing, 6

Power 
generation, 

2
Afforestation

3

Source: NWRS (2004)



Design and Maintenance of 
Irrigation Systems

FurrowFurrow DripDrip

MicroMicro

MobileMobile

SprinklerSprinkler



Improve WUE in Irrigation
 How?

 Automatic irrigation control systems using soil moisture 
sensing

 Automated short furrow irrigation
 Near on-demand water supply with vastly improved 

overall distribution efficiency (e.g. Victoria, Australia)
 Improved field application technology and management 

to raise efficiency of water use
 Develop low-energy, precise application systems
 Conservation tillage production systems
 Plan for climate change
 ….



Irrigation and Climate Change

Photo: C. Dickens
Acknowledgement: Schulze (2009)



Irrigation Demands Will Change

Present

Changes in the 
Intermediate Future

Changes in the 
Distant Future

Acknowledgement: Schulze, 2009



Outline of Presentation

 Technological achievements for food production 
systems

 Impacts of technology and requirements for 
food and energy production systems
 Healthy and sustainable environment
 Secure and abundant supply of food, fiber and water
 Efficient use of energy
 Renewable sources of energy

 Growing Bioresources Engineering 
 Conclusions



Energy in Food Production Systems

 Current production systems dependent on 
fossil-based energy

 Dwindling supply of fossil-based energy and 
products

 Fossil fuels → GHG → Climate Change



Fossil Fuel Reserves
 Rate of depletion of (limited) fossil fuel reserves 

exceeds supply
 Estimated reserves (under a business-as-usual scenario)

 Demand for fossil fuel projected to triple from 1990-
2020

Sources: Cuello (2002); Agarwal (2007); Erbach (2008)
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Technology for Efficient Use of Energy

 Energy efficient and regenerative 
controlled environment systems

 Design Zero Energy Buildings (ZEB)
 combine energy-efficient design and 

technology 
 with solar energy and other on-site 

energy generation technologies
 Energy efficiency and savings in 

production systems
 Renewable energy from biomass and 

waste sources
 ……
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Renewable Sources of Energy

 Power from wind
 Solar
 Geothermal
 Biomass
 …



Bio-Energy

 Energy from biomass
 Renewable 
 Carbon neutral
 Sustain the environment
 Economically viable? 
 Competition with food supply?
 Energy balance?

Source: Chisti (2007)



Can We Grow All Our Energy Requirements?

 “To replace  10% of fossil based transport fuel in 
USA will require 30-70% of current crop land” 
(Rajagopal, 2007)

 “Biodiesel from oil crops, waste cooking oil and 
animal fat cannot realistically satisfy even a small 
fraction of the existing demand for transport 
fuels” (Chisti, 2007)

 Ebrahim Patel (Minister of Economic Development, 
RSA), 2010
 biofuels production target = 400-million litres
 3 South African biofuel projects, each producing 100-

million litres a year
 sugar beet and grain sorghum-to-ethanol project in E. Cape 
 sugarcane-to-ethanol project in Limpopo & KwaZulu-Natal



Comparison of Selected  Biodiesel Feedstock

Source: Chisti (2007)



Bio-Energy Technology Requirements

 Biomass production, harvesting & 
transport
 Engineering solutions for biomass feedstock 

production and harvesting systems
 Biomass feedstock supply chain logistics

 Biomass processing
 Production of transportation fuels and 

electrical power
 Conversion and processing of cellulosic feed 

stocks (crop residues, wood, etc) 
 Development bio-based products
 Alternative feedstocks (e.g. algae)
 Biodiesel fuel properties & performance
 Bio-energy is necessary to sustain food

production, not challenge it!
Source: Resource (2008)
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Growing Agricultural Engineering: USA

 Decline in AE student population in 1980s
 Agriculture not attractive to school leavers
 Many AE academic departments 

 Merged with other programs
 Shut down or 
 Restructured and transformed

 One response has been to change names
 ASAE → ASABE in 2005
 J. of Ag Eng Research → Biosystems Engineering

 More focus on “Biological Engineering”
 ASAE launched Biological Engineering Technical 

Division in 1999



Name Change: Academic Departments in 
USA and Canada

 50 Agricultural Engineering academic 
departments were surveyed in 1995
 61% 

 had modified their department names
 49% 

 had changed their bachelor degree titles to mirror their 
Biological Engineering interests

 52% 
 had either significantly reworked their undergraduate 

curricula or expanded their research areas to include 
Biological Engineering

Young (2006)



University of Illinois

 Top ranked UG programme



Cornell University

 2nd ranked UG programme



Texas A&M University – College Station 

 3rd ranked UG programme 



Iowa State

 4th ranked UG programme



Purdue

 5th ranked UG programme



Impact of Name Change

 Enrolment changes at 37 universities

Source: Young (2006)
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University of Natal

 Name change: 1999
 Department of Agricultural Engineering
 School of Bioresources Engineering and 

Environmental Hydrology
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Senior Certificate Examination 
in South Africa
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Senior Certificate Examination 
in South Africa
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Growing Bioresources Engineers:
Educational Challenges

 Schooling system?
 Delivery of programme?
 Interventions

 ASAP
 ADO’s
 Technical tutor
 SI and extra tutorials
 Mentors
 Extended programme?

 Mentoring of candidate engineers
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Conclusions
 Development and application of technology

 Increased productivity of food and energy production systems
 Reduced environmental impacts (e.g. wind erosion)
 Unintended environmental impacts (e.g. CC, water quality)

 Social consequences
 More food, yet more hunger
 Developed vs developing countries - disparity in technology
 Equal access to production resources and appropriate 

technology to increase productivity of poor farmers
 Many global challenges

 Food and water
 Sustainable environment
 Increased water use efficiency
 Renewable energy
 Climate variability and climate change
 ….



Conclusions
 South Africa – significant challenges

 Water and food security
 Impacts of politics
 Progressive legislation without adequate resources
 Poverty and disparity in income
 Skills shortage
 Education system – particularly schooling

 Challenges all require development and 
adaptation and transfer of appropriate 
technology
 Large scale commercial farmer
 Small scale emerging farmer

 Global and local challenges will drive demand for 
Bioresources Engineers!



Australian Centre for Precision Agriculture (2008)

Bioresources Engineering …
Engineering in and with the environment


